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nventi on relates to a varer support pin veed in (TN

annealing a wafer and a wafer annealing nmethod usi NQggoo*
the sane, and nore particularly to a structure of a

Y AR Sw*rtplﬂ Foﬁé‘?ﬁﬁ@ﬁfﬁb@ i¥1.0CATION DURING

gravitat stress

SRRV O AT E RS %ﬁ@%sAﬁ%En%ﬂmamg.ﬁéDtWNG THE

sane. Description of the Related Art 15 An anneal i ng
process is generally carri eSAMEIi ng a sem conduct or
devi ce manufacturing procedure. In case of a silicon
waf er, oxygen existing in the wafer fornms oxygen
preci pitates during the annealing process conducted in
t he sem conductor device manufacturing procedure.

Al so, during the sem conductor device manufacturing
procedure, oxyg8AQKERQUNBt@E TEMCPEVMENTI@NCcert ai n

| evel act as internal 20 gettering sites against netal

FielPHf ihkiigventidgt may be a contam nation source, so the

The present invention relates to a wafer support pin used in annealing a wafer
and a wafer annealing method using the same, and more particularly to a structure of a
wafer support pin capable of minimizing gravitational stress applied to a wafer and also
capable of minimizing heat loss to minimize slip dislocation, and a wafer annealing

method using the same.

Description of the Related Art

An annealing process is generally carried during a semiconductor device
manufacturing procedure. In case of a silicon wafer, oxygen existing in the wafer
forms oxygen precipitates during the annealing process conducted in the semiconductor
device manufacturing procedure. Also, during the semiconductor device
manufacturing procedure, oxygen precipitates exceeding a certain level act as internal
gettering sites against metal impurities that may be a contamination source, so the
oxygen precipitates are inevitable essential elements. However, to a certain depth in a
surface region of a wafer used for making a semiconductor device, there shouid be

ensured a denuded zone where oxygen precipitates should not be generated. Thus, as
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oxygen precipitates are inevitable essential elenents.
However, to a certain depth in a surface region of a

waf er used for making a sem conduct or device, there

shoul d be ensured a denuded zone where oxygen

preci pitates shoul d not be gegerated. Thus, as 2 a

nmet hod for form ng the denuded regi on wthout defect

and a BMD (Bul k M cro- Defect) containing oxygen
precipitates over a certain level in a bulk region,

waf er manufacturers use long tinme annealing or high

al ﬁgfl)l%ﬁai]‘op "t&roditR |fle WARLJER! reBIURCRth %éfgg{A%ﬂd lerMch éBulk Micro-
particular, in-spite of mafy unsol ved problens,

high tenperature rapid 5 thermal annealing.is nore |

DRig F%@gmr}sy OYYREN: RFeGIPURIS tOVEF Gcerstain lgwet dRp bulk region, wafer
resul tant high productivity. The high tenperature
mrapiatturemsr usel loag rigad iangealingeal bigh temperatifre rrapidveheahalt annealing
several ten seconds at a high tenperature of 1,150 to

(RTAYOCIn phrtietlat, N8 \$piteBE Mlaﬁ?kiﬁﬁﬂve(ﬂ)ﬂome%s? HRCREH Wnp&tature rapid
the wafer. If slip dislocation generated during the

high, te rature 10 anneal.in xi sts _on a suyrface .
RTAL REP Bk B Stsc et doranty et i TBRRIefess g fidbresultant high
manuf act uri ng procedure, which becones a cause of
pERuUsHYiGY-at ed yield. Thus, to control this problem

the rapid thermal annealing process enploys a nethod

of  dealiigh ngmpéretveemipdd thérmpul avhéalingf anmewsf £ivaddt for several to
0. 7R i nner 3-point support points. In the wafer on a

- , €. 1: 4 - .

oBhf A g oL Mo SUARGR PO TSP SEE et ppyinly cosss
are used to balance the center of gravity of a wafer

shp diglapatign imtherwadery oj lhslip disbenation generptied dieing ot highdéemperature
waf er and pins are contacted in a mninumarea, So it

ahseafiag séxtidte onoa nsunfate, zeurtdneriealagstocess matireserhicohd@ator device
| oss and deviation of thermal expansion coefficient

e Plctirt@ packdlfe, Whih Blcotds! £7@N&E 0P deteriorated yield. ’.l"hus, to

control this problem, the rapid thermal annealing process employs a method of
balancing the center of gravity of a wafer on a 0.7R inner 3-point support points.

In the wafer on a 0.7R inner 3-point supporting method, three sharp-ended pins
made of quartz as shown in FIG. 1 are used to balance the center of gravity of a wafer
on a 0.7R inner 3-point support. In this method, the wafer and pins are contacted in a
minimum area, so it is possible to minimize thermal stress caused by heat loss and

deviation of thermal expansion coefficient according to the material difference of

silicon and quartz, and also it is possible to minimize slip dislocation. Thus, the wafer

on a 0.7R inner 3-point supporting method using the wafer support pins is currently
broadly used for rapid thermal annealing of a wafer not greater than 8 inches.

However, as wafers become larger, weight of wafer also tends to become greater.
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silicon and quartz, and also it is possible to
mnimze slip dislocation. Thus, the wafer 20 on a
0. 7R i nner 3-point supporting nethod using the wafer
support pins is currently broadly used for rapid
thermal annealing of a wafer not greater than 8
i nches. However, as wafers becone |arger, weight of
waf er al so tends to becone greater. 3 Thus, the
gravitational stress, which was not issued in 8-inch
waf er, beconmes a problem in 12-inch wafer, as
I vent r i
B ar b F%é%f PRRNGRR A -G SR it B problem
SUWMVARY OE THE | ION The present.invention is
1 ﬁ%ﬁéavatfﬁ abrepRlng [pteB 1o e OPVEHioal Vafer fupporig method is
therefore it is an object of the present invention to
norompeféicrentbolr slip somtpdrt pi n having an i nproved
structure to mnimze gravitational stress and heat
| oss, thereby capable of mnimzing slip dislocation;
and a wafer annealing nethod using the sane. 10 In
order to acconpli J ne aspect of
the present i nvengbﬁm@ﬁ%\rﬁ'fﬁglﬁy 'gfbﬁa waf er
support pin, wherein a front end of the wafer support
pi n, Theopressit duvention is [esigpgdero solye ftheyproblemsoh deaiprier art, and
m ni m ze gravitational stress during annealing the
thexbfore itRs ahexbjdet pf thwt presoms invichgor twptovidteda ofafdr sepp@t pin having
support pin is made of quartz 15 material, and al so

aﬁggigmﬁ stddBtutd QNhirfe {ﬁ?zn a%pﬁlo‘ﬁ@f s@fes?%‘tflfﬂéa‘i 14 khkRby capable of

nmonocryst a e or ycryst I ne silicon:

AT Sadigpcation! 8 r?f@{eﬁ@ﬂa the sz BEBRRH ne

or polycrystalline silicon may be doped with Nor Cto
enhada®rder to accomplish the above object, in one aspect of the present invention,

there is provided a wafer support pin, wherein a front end of the wafer support pin,
contacted with the wafer, is flat or rounded to minimize gravitational stress during
annealing the wafer.

Preferably, at least the front end of the wafer support pin is made of quartz
material, and also at least the front end of the wafer support pin is made of
monocrystalline or polycrystalline silicon.

In case at least the front end of the wafer support pin is made of silicon material,
the monocrystalline or polycrystalline silicon may be doped with N or C to enhance
mechanical strength. In addition, at least the front end of the wafer support pin may
be surface-coated with SiC or Si3N, to enhance abrasion resistance of the wafer support
pin. -

In addition, in the wafer pin used for annealing a wafer according to the present
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mechani cal strength. In addition, at |east the front

end of the wafer support pin may 20 be surface-coated

with SiC or Si3N4 to enhance abrasion resistance of

the wafer support pin. In addition, in the wafer pin

used for annealing a wafer acgording to the present 4

i nvention, a contact area between the front end and

the wafer is controlled such that, after annealing, a

pin mark has a mni num sectional area of 1.0x 10-3

cn2, when being neasured after Wight etching is

te 0 -

1r§rﬁg§% ‘ e?org% a?ehagi)é\}g gr? tlgeuggrét?%mf agd tl'%b%gikﬁrﬂs‘ E’c%t{éﬁl%ﬁ ﬁ;}lch that,
éhere is no need to define an 5 upper limt of

Fanngplne, g mark hag g gaipimymg; spcteﬂna% Aandde (?rd&m Cr’ars @dlen being
may be set as 2.0x 10"2 cnR, for easier

meapiredrefiéraWiright efchingdslicbhdutted: for Shhaiufesttbe codgdct @Balon between
area of the pin mark, the front end of the wafer

theUPLHef Lndofh@ V{'acferpsr ég{t?)t?ri y Meﬁﬁwﬁﬁ tﬂéwletﬂerquﬁuo n%gd to define an

shape and structu he sup

lchI limted if the sectlonal area is W
upife i t{%nﬁg&tl?f@g 3yt 8% vigper 17t S e estionak areh énay be set as
support p|n 10 Meanwhil e, in another aspect of the
2{@Ré@ér¢m j foresakieo impleheheation. prlnaddidnatorabtain the sectional area of
anneal i ng nmethod for annealing a wafer while

th% P 1& N8 hjaﬁt cﬁr thg%af"eg @f}@&}n €1%|1E1§§ fexfaﬁ R op %L{ﬂ%@l, but the

er eof usi ng V\B er on a Sup

wher ei anneal i ng tenperature .
}Faﬁﬁ gad 6?“%“?5‘6;&{}% SYPPSEICRIN {0t SRFE 1°HL§§‘"5‘“P%@ e S%‘ftlonal area 1s
150 mmor nore, and the wafer has a mass of 100g or
withinethe aBO\rerraagkdtegawms phithesstiustua¢ shthpsoppadepina waf er
anneal ing nethod for annealing a wafer while

SUpPMeahwhilé B andiher adpectost the pFRBhtAaYedtiodMiRrORIProded a wafer
t her eof using wafer support pi ns, mhereln after

%ﬂgﬁ’% '(r)rﬂa%’lodafoglarrlngE}mg a %‘vséfear v%ﬁ"fet ISIPp agr a wg.fell b9 contact points
from a bottom thereof using wafer on a 0.7R inner 3-point support pins, wherein an
annealing temperature is in the range of 1,150 to 1,250°C, the wafer has a radius of 150
mm or more, and the wafer has a mass of 100g or more.

In addition, there is also provided a wafer annealing method for annealing a
wafer while supporting the wafer by point contact from a bottom thereof using wafer
support pins, wherein, after annealing, a pin mark has a sectional area of 1.0x107 to
2.0x10% cm?, when being measured after Wright etching is conducted for 5 minutes to a

contact portion between the wafer and the wafer support pin.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a sectional view showing a conventional wafer support pin used in
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2.0x 10"2 cn?, when being neasured after Wi ght
etching is conducted for 5 mnutes to a contact
portion between the wafer and the wafer support pin.
20 BRI EF DESCRI PTION OF THE DRAWNGS FIG la is a
sectional view showi ng a conventional wafer support
pin used in 5 rapid thermal annealing of a wafer and
FIG Ib is the center of gravity of a wafer on a 0.7R
i nner 3-point support. FIG 2 is a XRT (X-Ray

Topogr aphy) phot ograph showi ng a wafer after a two-

S e el TP ARG 6. 45 i AEURREDL B O water on o
showi ng.a pin mark appearing on a rear surface of the
%ﬁ%we?%ﬁeﬁgéumﬂgm etching i s conducted for 5

mnutes to a pin contact point of the wafer after the
t wo- Stlag@ is ap{RIT {XeRayaT oognapdly) photograpb stloreingch wafengfter a two-
the wafer support pinof FIG 1. FIG 4 is a

stBeraad ﬁibﬁnﬁlhé?l\ﬂéilﬁlfﬁg cBAdRt AR gl th8 RREH suPSorPPind f FIG. 1b.
surface of wafer 0 after the i ght etching of FIG

i o1t 531 2R R B o B APER P A GRS of e

the two-stage rapid thermal annealing in order to _
wateriargase Y qightgtehing iy candusied dedd myintitssttpa pinessatect point of the
invention. FIG 6 is a photograph obtained by

vaufial afierr nige sVvd-pragotapid wrhail amellageisavadided gsind the wafdr support
tenperature of the internediate stabilization step for

plf &¥efef. iion of slip dislocation ‘in the diagramof FIG

5.

FIG. 4 is a photograph showing an etching pit appearing on a surface of wafer
after the Wright etching of FIG. 3.

FIG. 5 is a diagram showing an annealing process to which an intermediate
stabilization step is added to the two-stage rapid thermal annealing in order to prevent
slip dislocation according to the present invention.

FIG. 6 is a photograph obtained by analyzing slips of a wafer surface according
to a temperature of the intermediate stabilization step for prevention of slip dislocation
in the diagram of FIG. 5.

FIG. 7 is a diagram showing the annealing process to which a thermal treatment
step is added to a one-stage rapid thermal annealing in order to prevent slip dislocation
according to the present invention.

FIG. 8 is a sectional view showing a wafer support pin according to the present
invention.

FIG. 9 is a photograph showing a pin mark appearing on a rear surface of a
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FIG 7 is a diagram show ng the annealing process to
which a thermal treatnent step is added to a
one-stage rapid thermal annealing in order to prevent
slip dislocation according to the present invention.
20 FIG 8 is a sectional viewghow ng a wafer support
pin according to the present 1invention. FIG 9 is a
phot ograph showi ng a pin mark appearing on a rear
surface of a 6 wafer when Wight etching is conducted
for 5 mnutes to a pin contact point of the wafer

Ve WhEm Qv E Y- étElﬂﬁg is %?h&h&éaewﬁé nﬂ%@@k% '3\%01&1 conEac pgifnt of the

conducted using th er support pin s

.of the cgse that a front
B e “hf‘etW%'a‘ﬁéé ;%p1§ thmakannepng tocotoges yapares ypfer support
0.4 mMmm (b) is the case of 0.7 mm and (c) is the 5
pirnseovt il (Bmef FIGG 8, hdreing(ayy ofi fGs Bawithe casesthatpa firome end of the
depth of the wafer surface according to a contact
sappat ih Haba ridils of &@latuleo MY 4 glth, @Y tthB Gafefoffd), ﬁmn? dnﬁ (c) is the
conducted. FIG 11 shows a thlckness of an oxide f
c rad, using an ellipsoneter after rapid thernal
oxi dation using support pins prepared by differently
changi_ng radi us of 10 curvature of the front end of
t he %éﬁpw ts pErPBsbARing 2 glin-free deptlofghe wafer surfagesacgording to a
phot ograph showi ng a pin mark appearing on a rear
centaétaren of thepfreafteritine Waisht ewehing dffFéGMRls @ndeakd.ng i s
conducted using a support pin made of silicon and

pr epgigd) P¥hsi{ £ & %]sy o£POE0 81 n{é% xléﬁ uQifnﬁ%t{re;lﬂ;spfn%ter after

of the front end of t e support pin
Fl. . .
RS TeraeLergr Ry 15 ?Sa% Fypp

curvature of the front end of the support pin shown in (a) of FIG. 8.

$§h gqseggrvgd ri%, (fl ffgrenﬁy c['langlng a radius of

FIG. 12 is a photograph showing a pin mark appearing on a rear surface of wafer
in case rapid thermal annealing is conducted using a support pin made of silicon and
prepared by differently changing a radius of curvature of the front end of the support pin
shown in (a) of FIG. 8.

FIG. 13 is a graph showing a slip-free depth according to pin materials.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings.
Prior to the description, it should be understood that the terms used in the
specification and the appended claims should not be construed as limited to general and

dictionary meanings, but interpreted based on the meanings and concepts corresponding
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Her ei nafter,
preferred enbodi nents of the present invention will be
described in detail with reference to the
acconmpanyi ng drawi ngs. 20 Prior to the description, it
shoul d be understood that the terns used in the
specification and the appendeg clai ns shoul d not be
construed as limted to general and dictionary

meani ngs, but interpreted based on the nmeani ngs and
concepts corresponding 7 to technical aspects of the

t{));]tgaﬁl%al 'a@t{@c@st :ogrl}éf :?36%\521? ngéldr? rf)font & @JsisnS{P ?tllee Plﬁg?ig}eythat the

I nvent or ef1ne terns approp
.for the Hest exg”gnation. Therefore, ~the description
ipyoisde alinupd thdefing teamps appspematelyfoe thedssh peplaratiopn e Therefore,

purpose of illustrations only, not intended to limt
thd elesggpenopraphsedi heent iionustse prefeshidel ekanepld for the purpose of
under st ood t hat other equival ents and nodifications

Gl oRe oiBIGi0t hReRAQ W 1ifRUthe SRPRTIA 7Q ifnerrmJnPesp it should be

spirit and“scope of the invention. Prior to explaining

b oA RRe sRgBRE i e el PAFRCES madgahereto without

anneal i ng i s conducted to 8-inch and 12-inch wafers

dgpartige Arogoie spirit epdipcapgfod thesigperdion. pin (see FIG 1 a)

with a sharp front end will be 10 described first.
Specifriozab lexplainifg atweger kagpot pinedoraidimd i éle pr@seM@Snvention, an
conducted for 3 seconds at 1,120C and for 10 seconds

a\f/}v%alygeiﬁ %és%ﬁt M‘te& F%ﬂi? ﬁlﬁr)reg?lta% %Igle\%g{g% ?chd/fﬁiﬁlgtre{i 30 %-H‘lg];l] igag fi I2-ninch wafers

I support pin s
FIG la wa

s used, and the wafer was_ supported using i
usKg & ﬁ?‘événﬁﬂ?ajtw%fﬁbﬁwrtn@nn(é?%géGi JOnvHhA pRarp drangend will be

conventional case. 15 After the two-stage annealing,
dssdribedifgs$tocat i on was neasured by means of pit

Specifically, two-stage rapid thermal annealing was conducted for 3 seconds at
1,120°C and for 10 seconds at 1,215°C with respect to 8-inch wafer and 12-inch wafer.
At this time, the wafer support pin shown in FIG. la was used, and the wafer was
supported using the three-point supporting method ide'ntically to the conventional case.
After the two-stage annealing, slip dislocation was measured by means of pit
observation using XRT (X-Ray Topography) and Wright etching, and a slip-free region
was measured.

As a test result for the 8-inch wafer, no slip appears in XRT. Also, a rear
surface portion of the wafer contacted with the support pin was cut in section, and
Wright etching was conducted thereto for 5 minutes. After analyzing an etching pit
therefrom, it was found that there is no slip up to 400 to 500 um from the surface.

Meanwhile, in case of 12-inch wafer, after analyzing in the same manner, as a
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observation using XRT (X-Ray Topography) and Wi ght
etching, and a slip-free region was neasured. As a
test result for the 8-inch wafer, no slip appears in
XRT. Also, a rear surface portion of the wafer
contacted with the support pig was cut in section, and
20 Wight etching was conducted thereto for 5 m nutes.
After analyzing an etching pit therefrom it was
found that there is no slip up to 400 to 500 m from
the surface. Meanwhile, in case of 12-inch wafer,

r@sfuithf Whﬁélﬂ'gmérﬂ L ths Jﬁ?ﬂ &L pt Brat & tpﬁ} Wa?(s Hlff)m?éd at a pin-

measur enent , nb's oun excep

k is forned at a cont oint on_th
CE%F?taQoémo‘Pn Hreeimpinte R Brterar POy Fo ShaH e Walegisiout at the
at the pin mark position of FIG 3 and then checked
pirs magk gosition afcllife Afané theonbkeked nging\¥ ingibtosedpehaftey conducting
thereto for 5 mnutes, an etching pit was observed on

WihghtWadtilg Herdta g6t §nﬁ§ut§§1 QWetéHing b@wa@ ob'sj&qgc[ oh e wafer surface
assunptlon that thermal Stress caused by the sane

o 3Rl KIF5Ee AL 1 ST o SEPRA T P e e

of 8-inch and 12-inch mafers were as follows. Nanely,
rapid fhermal ernealingr method gs jidenticak én spite of dlifferent diameters the slip
of load of the wafer, so the slip was dislocated even

evaluition weSudts ofir 8dneh iandcaQench Whers Awérac las WeSIRws. Namely,
t hough the slip was 10 controlled in the 8-inch wafer.

gPitIREM I OREL i@ Y&s?d GudRUhd ul?&eéé@%?rlczlatdoﬁqhé Bdfer, L the slip was

the conventiona er support pin an

ve tional ra anne I|n
AR R Ta 4167 Rafer aere Wn EHE R the 2-4R1By Walsoghaseh teyplip was
were, an annealed wafer wth a deS| red quality may
cortolled insheiSriach wanwAs mentiened abolenit wanldrbeumilenstood that, if
thermal stress in the thernmal aspect, rapid

the conventional wafer support pin and the conventional rapid thermal annealing
method are applied to 12-inch wafer with a mass over 100g as they were, an annealed
wafer with a desired quality may not be obtained.

Meanwhile, as a scheme to minimize thermal stress in the thermal aspect, rapid
thermal annealing may be realized in a way of applying a lower temperature increasing
rate/decreasing rate than a conventional temperature increasing rate/decreasing rate,
though the conventional support pin shown in FIG. 1a is used. However, this scheme
is undesirable in aspect of productivity. Thus, as another scheme to reduce thermal
stress without lowering temperature increasing rate/decreasing rate, the following
experiment was conducted.

That is to say, as shown in FIG. 5, in the process of conducting rapid thermal

annealing at a first temperature T\, then increasing the temperature and conducting rapid
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15 thermal annealing may be realized in a way of
applying a | ower tenperature increasing

rat e/ decreasing rate than a conventional tenperature
i ncreasing rate/decreasing rate, though the
conventional support pin showg in FIG | a is used.
However, this schene is undesirable in aspect of
productivity. Thus, as another schene to reduce
thermal stress wi thout |owering tenperature

i ncreasing rate/decreasing rate, the following 20

. . : ) S
B! Ry 5o SR AlralBl & KRR SRR e 1 vas
.anneal i atf a first fenperature T1, then increasing

et nﬁgm{yuﬂ% aS¥RP RoHALFEtARG PRBPHNGT ok AHfafist temperature T
annealing at a second tenperature T2, an internediate

ta tthdistdondt feopesttap Ts avawp fonsstattikeghtiohladmeing, lito B0 stamds at a
of increasing a tenperature fromthe first tenperature

tehdperht@rd NEbiRES e IRENAUIALH tdpedtuttLRad Merted such that thermal
stabilization during 1 to 10 seconds at a tenperature

het the first d d t t
s PRl S RS SRR Kifctioaure iy roven
increasing the tenperature to a high tenperature to

SbIP-event slip. More specifically, the first
tenperature T, was in the range of 900 to 1,200C, and

1, 120Moretspedifisal B pied firge Bémpethrd €¢ wad i emaﬁfng& WF®0040 1,200°C,
was in the range of 1,120 to 1,250C and 1,215C at

t hi eri,ment. Al sop, e tenperature TS of the 10

et SPFRG AL SirsrmeRE o, B s<sPR WiBetiite Ty Wenitibe Tange of 1,120
tenperatures of (a) 1,130C, (b) 1,150C and (c)

tdl, 1BWCC, tdndr ¢\ SP@EKatnthis hexperient. St Abe thiev tengperatics T, of the
for 5 seconds, respectively. After that, the

. 1 i t o o
ERLA vy AU g SRR Bl o s

[
measur ed. _
and (c) 1,180°C, thereby making thermally stable environments for 5 seconds,

respectively.  After that, the temperature was lowered at a decreasing rate of 30°C/sec,
and then a slip dislocation result was measured.

As the result, FIG. 6 is a photograph obtained in a way of conducting the
thermal annealing process of FIG. 5 and then conducting Wright etching for 5 minutes,
and then observing an etching pit on a wafer surface using a microscope. (a), (b) and
(c) of FIG. 6 are respectively photographs obtained at cases that the temperature T of
the intermediate stabilization step is set to (a) 1,130°C, (b) 1,150°C and (c) 1,180°C,
respectively.  Seeing FIG. 6, the number of etching pits appearing on the wafer surface
is respectively (a) 6, (b) 3 and (c) 0, so it would be understood that an etching pit
density on the wafer surface tends to decrease as the temperature of the intermediate

stabilization step is increased.  In particularly, when the temperature of the
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As the result, FIG 6 is a photograph obtained in a
way of conducting the 15 thernmal annealing process of
FIG 5 and then conducting Wight etching for 5

m nutes, and then observing an etching pit on a wafer
surface using a mcroscope. (fg, (b) and (c) of FIG
6 are respectively phot ographs obtai ned at cases that
the tenperature TS of the internediate stabilization
step is set to (a) 1,130C, (b) 1,150C and (c) 1,180C
respectively. Seeing FIG 6, the nunber of etching

.pits earing..on .t he urface 20 i s, respectively
iRyme ARSNGB NG, B RFG 2 g FERESHR
an etching pit density on the wafer surface tends to
decr dasidddion; Has indenpeadsatie stabidizatiore steptregyrbelappléed not only to the
stabilization step is increased. In particularly, when
tivbatdge napidatieralohnicaBngd Gut ialfoefoTe dirdt age! Apid itiHedinlaDAnnealing.
step is 1,180C, there is no slip on the wafer surface.

i Lion, «thi.s: i I iate j L [
T B8Pl bVsnin IS 7 oA e Bty R stage at a
anneal ing but also to a one-stage rapid thermnal
highh temneragure ofh bl 20°C pbabene, ing Sepier ingrepying aztempeeaiurg from a
wafer is rapidly annealed in one stage at a 5 high

wafemeadihg témpdrathrel 20fo ®highbsi\erget fenipefdt@ie 1,04 step for intermediate
increasing a tenperature froma wafer |oading

i hirgh : [ T
SLPIRAKEE U 1 iR rPR0Te, IRADRE BIRELARY Brfhorfhy may be
.ITS lower than the highest target tenperature may be,
1@5&%@ 664%‘6 theamakstress aprlied e Fisswafsn dhereky ¢astsoHng slip.
waf er, thereby controlling slip. In conclusion, if a
| ar gdn dbactetien, ifiaflange-aiani@er weafer of 12hmoheor aboveis chpydly annealed
anneal ed 10 using a conventional wafer support pin

udinih @nSBRdAal Wtk sEfpdrt il Svitl AVhdrpHoRNaNd, $heé Savithtfonal stress is
i nCreased according to the increase of |oad of the

ReeFeording B Fese of i of e 79 Brit el hecgitoutt o
stabilization at a
control slip. Meanwhile, as shown in FIGs. 5 and 7, if the step for stabilization at a
temperature lower than a highest target temperature is inserted before reaching the
highest target temperature, it would be understood that slip on a wafer surface is
meaningfully decreased since thermally stress is reduced, though a conventional wafer
support pin is used. However, though the intermediate stabilization step is inserted as
mentioned above, the slip control effect may be insufficient depending on the
temperature of the intermediate stabilization step, and there is also a limit in obtaining a
sufficient slip-free depth, so a more fundamental solution is needed.

Accordingly, inventors of the present invention changed a structure of a wafer

support pin.  That is to say, the wafer support pin according to the present invention

has a front end that is rounded or flat, as shown in FIG. 8. It is for increasing a contact
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tenperature | ower than a highest target tenperature is

i nserted before reaching the highest target

tenperature, it would be understood that slip on a

waf er surface is 15 neaningfully decreased since

thermal |y stress is reduced, {though a conventiona

waf er support pin is used. wever, though the
internedi ate stabilization step is inserted as

nmenti oned above, the slip control effect may be

i nsufficient depending on the tenperature of the

t [ [ n S

of e R %“g?aa?f‘n?"n” OB BE R B ol 42107 38 8 10 reduce
nore.fu danent ution is needed. 20 Accordlngly,
gPHU@HPE$§“%¥°f '%? Eent invention changed a structure

of a wafer support pin. That is to say, the wafer

suppdfdre ppecifically; thenwafeo stipporp pesswwn mv@hoff ¢ilG. Bdms a rounded
front end that is rounded or flat, as shown in FIG 8.

frbht ¢}l dndra fap&re@ pSHidE. a TR d}%‘r&d gamoﬁrpeéfeﬁstwmra léngth H2 of 2 to
waf er and a support pin an hus dlstrlbutlng a

1wk Fpfen PO e AR R bt eeafly i ﬁtret 42 0f 05 to

of FIG 8 has a rounded front end and a tapered
1 ommi, trouglitmet tiapted ¢berptor t i Also,phe t@amdbd potton prefeeabdy has a radius
H2 of 2 to 5 17 mm and the rounded portion of the

ofématumm Bt ef7ehalinméras a diameter 02 of 0.5 to 1.5
mm though not limted thereto. Al so, the rounded

80r7t %Bnn (x;f%lf&fs%é&?ljtrﬁm §N§ A 152ﬁjput§lilt(}o k |1(§:] gl{g‘%gﬁ ﬁh SCJ«BS)OI’(S Pm shown

FIG 8 is simlar to the support pin shown in (a)
infagsof B1G efceapeptithattits ﬁr@ntfqnénﬁ flahd Thats ot sawﬁmsupgort gin shown
say, the support pin shown 10 in (b) of FIG 8 is

irc @) red FIGn @i ingotrespndingpord syyiportspinwhown if 43) off FIE. G ilBwhich its
in which its rounded portion has an infinite radius of

ré¥@pYFfon MRAMVM fiflie 1QidsNér SHPRRFE PURanwhile, in the support pin
shown in (b) of FIG. 8, the front end preferably has a flat portion with a diameter ¢3 of
0.2 to 1.5 mm, and the tapered portion preferably has a length H3 of 2 to 17 mm, though
not limited thereto.

The wafer support pin shown in FIG. 8 may be made of quartz as in the prior art,
and it may also be made of monocrystalline or polycrystalline silicon. | However, in
aspect of material, an essential portion of the wafer support pin is a front end contacted
with a wafer, so at least the front end (or, even the tapered portion) should be made of
the above material. In addition, in case the support pin is made of silicon, N or C may
be doped on the monocrystalline or polycrystalline silicon to enhance mechanical
strength.  Further, at least the front end may be surface-coated with SiC or Si3Ny to

enhance abrasion resistance of the support pin.
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shown in (b) of FIG 8, the front end preferably has a
flat portion with a dianeter 03 of 0.2 to 1.5 nmm and
the tapered portion preferably has a length H3 of 2 to
17 mm though not limted thereto. 15 The wafer
support pin shown in FIG 8 npy be made of quartz as
inthe prior art, and it may al so be nmade of
nonocrystal line or polycrystalline silicon. However,
in aspect of material, an essential portion of the
waf er support pin is a front end contacted wth a

e s g e R RO Rl A s

additjon,, i ase th upport. pin is made of silic
ing Wa%r rhP %%Séoasa@%is Bwa%dh‘émﬂdh%&F%YéttaﬁP‘P%? Hressyof the wafer in a
pol ycrystalline silicon to enhance nechani ca
vattyrnuhding or tnaking At theafsonttdnd dfrthatwaferdsuppgrtipgn.  Hereinafter,
surface-coated with SiC or Si3N4 to enhance abrasion

aft@xsfaﬁidaﬂh@ﬁnﬂfanh&ﬁm?%’ E@ﬁducﬂ:'drfo 122ncH\vaf@sin2NRE vAl@VRipport pin
when rapldly anneal’ing a | arge-di aneter wafer such as

an be. control | ed b red
b fied Soedrcing o e TRperRie Gy i AR g SRg b Splained o
roundi ng or making flat the front end of the wafer
aB gepoePle- pin. Hereinafter, after rapid thernal
annealing is conducted to 12-inch wafer using the

waf erFistppwifer Pippokt pidmddeciiyuatz ataedistgilady tdthe conventional

present invention, its analysis result will be
I f r '
S B R Syl s

port pin but havin rou ed front end as shown in

AL 8 Gmoe s rot gad Wea drrigeed odiave theee pagicol qupgatieh a) 0.4'mm, b)
front end was designed to have three radii of
Odumymand &) I(min.0. 4 nm (b) 10 0.7 nm and (c¢) 1 mMm

Subsequently, the two-stage rapid thermal annealing as mentioned above was
conducted to 12-inch wafer. That is to say, while supporting the 12-inch wafer at
three points using the support pins prepared as mentioned above, two-stage rapid
thermal annealing for 3 seconds at 1,120°C and for 10 seconds at 1,215°C was
conducted. At this time, an intermediate stabilization step as mentioned above was
not inserted.

After the two-stage annealing, Wright etching was conducted for 5 minutes as
mentioned above, and then a pin mark on a rear surface of the wafer was observed using
a microscope. As a result, as shown in FIG. 9, contact areas between the support pin
and the wafer was respectively observed as (a) 0.5x10 cm?, (b) 1.0x10 cm?, and (c)
2.1x10? cm? with respect to the support pins having the above three radii of curvature.

In addition, to measure a slip-free depth, the wafer was cut in section at a position of pin
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Subsequently, the two-stage rapid thermal annealing as
nmenti oned above was conducted to 12-inch wafer. That
is to say, while supporting the 12-inch wafer at

three points using the support pins prepared as

menti oned above, two-stage rapid thermal annealing
for 3 seconds at 1,120C and for 10 seconds at 1,215C
was 15 conducted. At this tine, an internediate
stabilization step as nentioned above was not
inserted. After the two-stage annealing, Wight

n%tl)’o\/e Y‘g@hﬁg%%ﬁ&&&f ﬁére% R sCRirfiRes &1'68 'fae%ij%atest height of

In mar on a rear SUf’

. was observed using roscope. As a resul t
aaset@ﬁwﬂmﬂra %’mgt he Teaftsy ceapégs walen\an measired; iy gptain a slip-

pin 20 and the wafer was respectively observed as (a)
fize5egidf) 8 tlenRafet byrfaceOx Thids,3he nBultaackhpwn in FIG. X WOreDbtained.
cn2 with respect to the support pins having the above

thr egcb@@iAIGON 0 CiY W()@Id*‘l'ieeundek‘ﬁo&ijﬁin'af e @hglﬁberﬂ%ﬁﬁpfs QuBstantially 0
slip-free depth the wafer was cut 1 n section at

e o Bkl i 4 AT B 0SB 5 e s

an etching pit rising fromthe rear surface of the
fwaf depthnviss subsaaatialéy 16 qumbihadase @b)sh irpdiug bE@uragireis @7 mm and a
t he waf er surface. Thus t he results as shown in FIG

ARaLER 8 P o S38) 1 ol BB g o s o

5 in case (a) a radlus of curvature |s 0.4 mm and a
cupptuetis dr mam jagd G Bontd@-Bex i 2. 1he” gim’ p- Thuseirdepten tp obtain a
substantially 15 min case (b) a radius of curvature

rdidig- ?m@e@nsqlpzféeec%&@% Qrd%gt& 5f 15 O;ﬁnlﬁ)oré t?l@fwaf%PQurface it is

the slip-free I's over min case rad
rvatur and, a cont act area(g 1x 10-3
\yjg

P&fif&“e#ﬂ@gt e.fFPrtsreaiP BRfensPPATt KB BAYH j2 G ugature of a least

slip-free wafer to a depth of 15 mfromthe wafer
Ostinfracend mtcongact area between the wafer and the support pin, measured after

Wright etching for 5 minutes, is at least 1.0x10™ cm?.

Meanwhile, though there is no
need to define an upper limit of this sectional area, the upper limit of the sectional area
may be set as 2.0x10” cm?, for easier implementation.

Meanwhile, seeing FIG. 10, when the contact area is increased from (a) 0.5x10
cm? to (b) 1.0x10° cm?, the slip-free depth is substantially linearly increased, while,

when the contact area is increased from (b) 1.0x10° cm? to (c) 2.1x10° cm?,

the
increase of slip-free depth tends to slow down. Accordingly, the inventors grew an
oxide film on a wafer and then checked the change of thickness of the oxide film in
order to find a factor thereof. That is to say, rapid thermal oxidation (RTO) was

conducted for 30 seconds under the condition of 1,150°C and O, gas flow rate of 10 slm

to grow a silicon oxide film in a thickness of 100A on the wafer, and then a thickness
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10 preferred that the front end of the wafer support
pin has a radius of curvature of at least 0.7 nmm and
a contact area between the wafer and the support pin,
nmeasured after Wight etching for 5 mnutes, is at

| east 1.0x 10-3 cnR. Meanwhilg, though there is no
need to define an upper Iimt of this sectional area,
the upper limt of the sectional area nmay be set as
2.0x 10-2 cnR, for easier inplenmentation. 15
Meanwhi | e, seeing FIG 10, when the contact area is

dkﬂg{igr?ﬁﬂ%ﬂ cﬁelg% WQ g’ﬁ(t}(?xeg usﬁ nlteﬂg}‘s }rxefler.ox Ir}ﬁ;e%ngz{ggrement of

subst an

tlpplgr{ﬁ%? ?\%itl%Oégleg)x%g% Ig? e g)yiga;)icqéggn@ﬁcg(ll nai:t{?gag ete(:jmperature
i ncrease of slip-free depth tends to sl ow down.

dévietonlidnghg rapithéhérmab ahoeading rieundirectlpxnetsufedl mNamely, under the
waf er and then checked the change of thickness of the

aPA€orditidRsi (A, 1%@°@r§’@§ectoﬂd§ | o ﬁ@&/t % 6@?(5 ), adM¥ide film is

I's to say, rapid thermal oXidalion
conducted for 30 seconds under the condltlon of 1,15

SEQYER o Hucknessyob apd whgn §l|lq1t,hlctkgeﬁrq§\)‘}1%o§1pp ifideg,shows gev1at10n

oxide filmin a thickness of 100A on the wafer, and
of BFA, an abfuaktenpsrahire ddeuiion isonalalatedias 1°0.de fi | m was
obt ai ned using an ellipsoneter. In the nmeasurenent of

thi CM%%gvhﬂg h%t\!v%r Qﬁpé}o?te?lﬁ)ﬂisgg aft dllugnt 1*Kn?e,r {Eergag’é/ of g@érgz material

ther X1 | on, ature

d th I t | g d
OngrﬁggrrO‘l (eia I g\%@ln(szgllnn(%(; GO%I&C {%me S% ?agbus Of curvature IS
seconds 02 gas flom1rate of 10 slm, an oxide filmis
p&pgrezdv\im fwp aasehiof Khé 3smodnd1 0Gviin snds Wh ereasire 4 Hiickress deviation
of the oxide filmshows deviation of 0.7A, an actual

ab@IWAE A Headifferehad bPbrtsct 6Rfas Ul Thed a8Shdwirin M;%&r\piml £1, a wafer
the wafer support pin used at this time is made of

1sq§{1%6>5§ d"’fl‘& glal Sélppogt 81ns{v§1t}} gl ea%n%ggd% gf \r/]lgrt%gtluges?tstne same time (in
FIG. 11, A is a support pin having a radius of curvature of 0.4 mm, and B is a support
pin having a radius of curvature of 1 mm).

Seeing (b) of FIG. 11 showing a measurement result of the ellipsometer, there
appear two points A, B where the oxide film has locally thin thickness at the contact
portion of the support pin, and a greater point appears at the B point where the contact
area is great, so it would be understood that the thickness deviation of the oxide film
becomes greater as the contact area is increased. That is to say, as the contact area
between the wafer and the support pin is greater, good influence is given to the slip
control in aspect of reduction of gravitational stress, but a greater contact area causes

heat loss through the contact point to cause local temperature deviation, thereby

increasing thermal stress. Thus, it would be understood that, as the contact area
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prepared in two cases of 0.4 mMmmand 1 mMmso as to
nmeasure a thickness deviation 10 according to the

di fference of contact areas. Then, as shown in (a) of
FIG 11, a wafer is supported using the support pins
with different radii of curvatyre at the same tinme (in
FIG 11, Ais a support pin having a radius of
curvature of 0.4 mm and B is a support pin having a
radi us of curvature of 1 mm. Seeing (b) of FIG 11
showi ng a neasurenent result of the ellipsoneter,

1:1]&92{5@5 tﬂﬁn@%ﬁl of o woﬁ%gd%gl‘?getﬁd% ﬁ SW 46wh hfs s‘%MHn fF'Id} Mo.

as | dc e cont act i on of

the su reater i nt appears.at the B

poi ntf %ﬁ@fl@g@ ttaétl blsen the d ?k an {nGreAsFEd) coptact area
under st ood t hat the t hi ckness deV| ation of the oxide

ihdréases bhoombstgsedhet lass)t toeralone db¢ iacreasei of slip-free depth, the
increased. That is to say, as the contact area

iMRhWRE "mhke avaf ster %gp&lﬂeplﬁuﬁﬁ’iﬂ U siicOn | i%le&'i&ﬂ&efo tﬁé’oa'afer in
i nfluence is given to the slip 20 control in aspect of

reduction of. grayita but a gre

bR oLl seRudif S efmalgtpPrnciirilint during the
point to cause |ocal tenperature deviation, thereb¥
appRadiagsi Adat iscioray, therapport T of this emhgorimens is manufactured such
understood that, as the contact area 15 i ncreases,

. thidvehd frontemsds afads b pounded sitieph Mateiatias Stoval @WayloMPIG.385 and the

shown in FIG 10. Accordingly, in order to supplenent

ﬁtoﬁ? ex‘i’d {;‘glﬁ ed E@ﬁa\%”tvdo%ﬁg? %?%Qn&%% g?Pﬁgﬁﬁﬁ%r}dgase ax??]?éctlvely

erna eat 1oss) tore

-free depth, the inventors nake a wafer s
gpﬁwesﬁtwge Bpid tsAmilcmeniang (Y136C pnd SesPeandsamt 1.215°C and 10

consi deration of thermal conductivity and thernal

secopds)sidenticabed fhecfoemner ciseiwrg dohductechnsiag ittgsuppbett pin repared as
to say, the support pin of this enbodinent is

Qttﬂéfﬁlesééﬁ{k V\t tt et(!?)%l% wagltus&p?o( g% %@gél @F‘l rgark on a rear

roun I con mater hown I n

surr%ace ol}%he wafer and a slip-free depth of the wafer surface.

As a result, as shown in FIG. 12, the contact area was found as (a) 0.5x10” cm?
in case the support pin has a radius of curvature of 0.4 mm, and (b) 2.1x10 cm? in case
the support pin has a radius of curvature of 1 mm. These results are respectively
corresponding to (a) and (c) of FIG. 9. Meanwhile, in order to measure the slip-free
depth, Wright etching was conducted for 5 minutes and then an etching pit was
observed using a microscope. As a result, in case the support pin having a radius of
curvature of 1 mm is used, the slip-free depth was found as about 45 pm. That is to
say, as shown in FIG. 13, in case a support pin made of quartz material is used, the
increase of slip-free depth slows down according to the increase of the contact area,

while, in case the support pin made of silicon material is used as in this embodiment, the
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front end is designed to have two radii of curvature
of 0.4 mmand 1 nm respectively. The two-stage rapid
thermal annealing (1,120C and 3 seconds; and 1,215C
and 10 10 seconds) identical to the fornmer case was
conducted using the support pja prepared as above,

and then the sane Wight etching was used to neasure a
pin mark on a rear surface of the wafer and a
slip-free depth of the wafer surface. As a result, as
shown in FIG 12, the contact area was found as (a)

%%)él%})ﬁm?s 111’1&219%%&%%3 i?ulg)rgggx_&[ioﬂit§ Otﬂgqn& £s%d<;fu§1eocfontact area.

rvature of 0O
5 the suppor as a radjus of curvature of 1
TR 5otd S5h 1T vis é’r} Sﬁ@pe&t{ ’e1tym%’lsrtg§tp6r§HPP@" P (rsaﬂe of silicon
and (c¢) of FIG 9. Meanwhile, in order to neasure the

ngitéripl iy mere agkypntageonsitlpmt a mpphttrpg'p made obqaurztreatefidr 5
mnutes and then an etching pit was observed using a

M Cr Q8&@RBile At ehe Bdlet embcfﬂlﬁnéﬁﬁ drldCe:éRRRNal Fé'meples the rapid
having a radius of curvature of 1 nmis used,

S| free depth s found as b ut
tfgenggllggl B%usu%g\l\%?eaw e); Syppo aglg 3cc§ﬁ§%rt? a%lfa nprﬁ%e(% 1nvent10n
of uartz material is used, the increase of slip-free
na!eslryrﬁ SIPHAE p@leaeééhaph@upéed frent gndy was dlustratef@s the two-stage
contact area, while, in case the support pin nmade of

rapiid teomahainealisd, bius thesagidaherninl tahhéal@ghgiignBatwaférippért pin of
slip-free depth is linearly increased in proportion to

tﬁehﬁreké}ﬁ rlﬁaétﬁloﬂflstm IR P tl?er ve, t-m)agta esrelf:p(?d qﬁ’éﬁnai gnnealmg

view of slip control I't neans
Ef silicon rial is nDre advanta eous than

TR dPLS3%i thereler 5 SYPPQEiaRip LIFRE PreSEPL IyERHRINMEY be; 4ppigd to one-

above enbodi nents and experinental exanples, the rapid
stgge rapidriiermalnanalcaling, asd iignahelsake esedsfopgommopi annealing, not rapid
according to the present invention, nanely a support

theralhawhéaing. f IFakther, theuinded \ffif@f‘tsuﬁp’tﬂ't pi¥@Smay be used for rapid
illustrated as the two- st age
thermal annealing to which the intermediate stabilization step explained with reference
to FIGs. 5 and 7 is inserted.
The present invention has been described in detail. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only, since

various changes and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed description.

APPLICABILITY TO THE INDUSTRY
According to the present invention, a wafer support pin used for annealing has a

front end contacted with a wafer such that the front end is formed flat or rounded, so



rapid thermal annealing, but the rapid thernal
anneal i ng using the wafer support pin of the present
invention is not limted to the above two-stage rapid
thermal annealing. That is to say, the wafer support
pin of the present invention yay be applied to one 10
stage rapid thermal annealing, and it nay al so be used
for conmon annealing, not rapid thernmal annealing.
Further, the above wafer support pin nmay be used for
rapid thermal annealing to which the internedi ate

1 , | ai oy . .
Ao AR oh FafRER A E b b ELELERE T (hchd 15 effectively
described in detail, However, it should be 15
copaYskip sidlosatian. thersby sanablecef giwing ihigh gwalitn annegled; wafer.
exanples, while indicating preferred enbodi nents of
t he ilmadditioonaccardngitos tre tapidahgrnod]l aninkalstg method odrd wafer of the
since various changes and nodifications within the
pPdkht ihvaRtfnS GRRReRhedidte slaBUBALibPBrePlil kxe BRI temperature lower
apparent to those skilled in the art fromthis
det ai | ed description. 20 APPLI CABI LI.TY TO THE | NDUSTRY
B AT TGS LTS TEe<PIRAS PRI JRFBE BRSO, o thermal
pin used for annealing has a front end contacted with
stresscapplieds tocthe wafar mayebef redpeedda@revent dipred fl at or
rounded, so 17 gravitational stress acconmpanied wth
a large-dianeter wafer is reduced to effectively
control slip dislocation, thereby capable of giving a
hi gh quality anneal ed wafer. In addition, according to
the rapid thermal annealing nethod of a wafer of the
present invention, an internediate stabilization step
is executed at a tenperature |lower 5 than a target
tenperature before reaching an anneal i ng target
tenperature, so thermal stress applied to the wafer
may be reduced to prevent slip.



18 WHAT IS CLAIMED IS: 1. A wafer support pin for
supporting a wafer during annealing of the wafer from
a bottom 5 wherein a front end of the wafer support
pin, contacted with the wafer, is flat or rounded. 2.
The wafer support pin accordipg to claiml1, wherein at
| east the front end of the water support pin is nade
of quartz material. 10 3. The wafer support pin
according to claim1, wherein at |east the front end
of the wafer support pin is made of nonocrystalline
valiaridoamsikal | i ne silicon. 15 4. The wafer support
prn according to claim3, wherein the nonocrystalline
or polycrystalline silicon is doped with Nor C. 5.
The wafer support pin according to claim3, wherein at
| east] . the f£ Qpdfee ft pineforauporfipROWafd?| during annealing of the
sur face- coat ed mﬁ?ﬁngi 20 or§%i3h§. 6. The égﬁer s
rt pin according to claim1, wherein the front
“%#%H%Infﬁgﬁﬁg¥er support pin is flat and has a tapered

shape, 19 and the tapered portion has a length of 2

t o 17Wheseina froriendef die watsp surpopi pinaeansacirdyith thewafer is flat or
6,
rounded.

2. The wafer support pin according to claim 1,

wherein at least the front end of the wafer support pin is made of quartz material.

3. The wafer support pin according to claim 1,
wherein at least the front end of the wafer support pin is made of

monocrystalline or polycrystalline silicon.

4. The wafer support pin according to claim 3,

wherein the monocrystalline or polycrystalline silicon is doped with N or C.

5. The wafer support pin according to claim 3,
wherein at least the front end of the wafer support pin is surface-coated with SiC

or Si3N4.

6. The wafer support pin according to claim 1,

wherein the front end of the wafer support pin is flat and has a tapered shape,
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wherein the front end of the wafer support pin has a
flat portion with a dianeter 5 of 0.2 to 1.5 mm and
wherein, after annealing the wafer using the wafer
support pin, a pin mark fornmed on a contact portion
between the wafer and the wafgy support pin has a
sectional area of 1.0x 10"3 to 2.0x 10-2 cn®, when
bei ng nmeasured after Wight etching is conducted for
5 mnutes to the contact portion between the wafer and
the wafer support 10 pin. 8. The wafer support pin

' i | front end of the
a\%g?gtqg%g%gg?ﬁgﬁlﬁg}aéen%muﬁfdgygn%ﬁhas a tapered shape,
the tapered portion has a length of 2 to 17 nm and
the rounded portion has a 15 radius of curvature of
0.7 mmor nore. 9. The wafer support pin according to
cl ai m 8, whhesvafer suppond pidaxstopbng tooclaiof 64 he front end
of the wafer support pin has a dianmeter of 0.5 to 1.5

M el tNR6R dhd FthE WalRBFPdrDPint 8 2Vt PortisH WEh a diameter
the wafer support pin, a pin nark forned on a contact

(A bet ween the wafer and the wafer support pin
Oﬁggtgqg%@PP3H§I area of 1.0x 10"3 to 2.0x 10-2 cn®,
when being nmeasured after Wight etching is 20 .
cond(fdesring aftersanrealing she avafercusing ithe twalen surpertbpingepin mark
the wafer and the wafer support pin. 10. A wafer

femrdarn a Péradt @ortiuntieow Ednttie avataf id thy watir’tipsoanpiadias a sectional
froma 5 bottomthereof during annealing the wafer,
area of 1.0x10™ to 2.0x10? cm? when being measured after Wright etching is

conducted for 5 minutes to the contact portion between the wafer and the wafer support

pin.

8. The wafer support pin according to claim 1,
wherein the front end of the wafer support pin is rounded and has a tapered
shape, the tapered portion has a length of 2 to 17 mm, and the rounded portion has a

radius of curvature of 0.7 mm or more.

9. The wafer support pin according to claim 8,

wherein the rounded portion of the front end of the wafer support pin has a
diameter of 0.5 to 1.5 mm, and

wherein, after annealing the wafer using the wafer support pin, a pin mark
formed on a contact portion between the wafer and the wafer support pin has a sectional

area of 1.()_x10'3 to 2.0x102 cm?, when being measured after Wright etching is
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wherein, after annealing the wafer using the wafer
support pin, a pin mark formed on a contact portion
bet ween the wafer and the wafer support pin has a
sectional area of 1.0x 10-3 to 2.0x 10-2 cnR, when
bei ng neasured after Wight efghing is conducted for
5 mnutes to the contact portion between the wafer and
the wafer support 10 pin. 11. The wafer support pin
according to claim 10, wherein the point contact is
0. 7R i nner 3-point contact. 15 12. A wafer annealing
cBﬁdJ&@é@l P55 Rnbedkd i SnpRi S5t befvRHRROWatd? And % wafer support
waf er by point contact froma bottomthereof using
waf er support pins, wherein an annealing tenperature
in the range of 1,150 to 1,250C, the wafer has a
radius of 145 mmor nore, and the wafer has a mass of
100g or nore. 20 13. The wafer annealing nethod
according to claim 12, wherein the point contact is
0. 7R10Nner A3-vwadémiéuppontpis tfor 3&% polting A WEkEbypvieatdntdt from a
nmet hod for annealing a wafer ile supporting the

b}’,‘ﬁ?;ﬁrthé}xoﬂﬁjrﬂ{g S0 86t nd QR a bot t om t her eof using

er support “pins, erein,” after annealing, a pin
mark forned on tact portlon bet ween the wafer
and teTsiRf ers%fﬁ*ﬁeﬂl@g G wakRr using dhg BrRser speartoping agpin mark
10"3 to 2. Ox 10"2 cng, V\,hen 5 bei ng neasured after
fonmeghon acatiaat gotti;)ndwmdcmtthd whafer abd thenwafes sappotthEn has a sectional
contact portion between the wafer and the wafer

afedPBRI Lo 1ol 2.0x1RE WRP EWwiRA nﬁé}h% Nde4¥REdA0 Qﬁ@IC Wﬁ%&tn Btching is

to cIa|m14, wherein the point contact Is 0.7R |

nt act.
con ucte for g minutes to the contact portion between the wafer and the wafer support

pin.

11. The wafer support pin according to claim 10,

wherein the point contact is 0.7R inner 3-point contact.

12. A wafer annealing method for annealing a wafer while supporting the
wafer by point contact from a bottom thereof using wafer support pins,
wherein an annealing temperature is in the range of 1,150 to 1,250°C, the wafer

has a radius of 145 mm or more, and the wafer has a mass of 100g or more.

13. The wafer annealing method according to claim 12,

wherein the point contact is 0.7R inner 3-point contact.
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10 16. A rapid thermal annealing nethod for a wafer at
a high tenperature of 1,120C or above while
supporting the wafer by point contact froma bottom
thereof using wafer support pins, wherein the wafer
support pin has a front end tp,contact with the wafer
such that 15 the front end of the wafer support pin
is flat or rounded, and wherein, in a step for

i ncreasing tenperature to a hi ghest target
tenperature, a step for internediate stabilization at

a | owgr tenmpenLaluf ¢ (Jn'%nmgﬁgd %g%ﬁﬁtahﬁ%%g%fer Whllf) supporting the

tenperature is Inc 20 17 d therma

al ing nmet hod according to_.claim wherein the
WH T RO REIAS] 0B AR o AETt GO LT R P 18 A
rapid thermal annealing nethod for a wafer, which
condwdiereinagfted anhealingl agpinewdrkrigrmed phe euattant pattien between the
first tenperature, then increasing the tenperature,

wahd ananas Wa'fé?giuf)?m dirf ﬁ‘ﬁ»rd‘?écu@ﬁ‘d]ea%d &01.bR14" hﬁ) 2‘@1% &%, when
a second tenperature whil supportlng t he ma er by

0i nt cont act ottomt .
Bl o dter SV A TR R ORAPEIE Sip S G 10 s captact portion
front end to contact with the mafer such that the
bétwean thensatef andthewedfersupppmoim. pin is flat or rounded,
and wherein, in a step for increasing tenperature from
the first tenperature to the second tenperature, a
step for internmedi ate stabilization at a tenperature

bet wgen t h?‘&)efd’arfgr anB08ir erﬁgtﬂgd aCOREing &' CiEin 13,

|nclu ed.

wherein the point contact is 0.7R inner 3-point contact.

16. A rapid thermal annealing method for a wafer at a high temperature of
1,120°C or above while supporting the wafer by point contact from a bottom thereof
using wafer support pins,

wherein the wafer support pin has a front end to contact with the wafer such that
the front end of the wafer support pin is flat or rounded, and

wherein, in a step for increasing temperature to a highest target temperature, a
step for intermediate stabilization at a lower temperature than the highest target

temperature is included.

17. The rapid thermal annealing method according to claim 16,

wherein the point contact is 0.7R inner 3-point contact.
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19. The rapid wafer annealing nmethod according to
claim 18, wherein the first tenperature is in the
range of 900 to 1,200C, the second tenperature is in
the range of 1,120 to 1,250C, and the second
tenperature is higher than the first tenperature, and
15 wherein the internediate stabilization step is
conducted for 1 to 10 seconds.

18. A rapid thermal annealing method for a wafer, which conducts rapid
thermal annealing to the wafer at a first temperature, then increasing the temperature,
and conducting rapid thermal annealing to the wafer at a second temperature while
supporting the wafer by point contact from a bottom thereof using wafer support pins,

wherein the wafer support pin has a front end to contact with the wafer such that
the front end of the wafer support pin is flat or rounded, and

wherein, in a step for increasing temperature from the first temperature to the
second temperature, a step for intermediate stabilization at a temperature between the

first and second temperatures is included.

19. The rapid wafer annealing method according to claim 18,
wherein the first temperature is in the range of 900 to 1,200°C, the second
temperature is in the range of 1,120 to 1,250°C, and the second temperature is higher

than the first temperature, and

wherein the intermediate stabilization step is conducted for 1 to 10 seconds.



