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1 WAFER SUPPORT PIN FOR PREVENTING SLIP DISLOCATION

DURING ANNEALING OF WATER AND WAFER ANNEALING METHOD
USING THE SAME 5 BACKGROUND OF THE INVENTION Field of the
Invention 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 10 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
MEYAIER Y RRO BIMRID ESR R B YENE INlatd d AR I8 QCATEANDURING
process is generally carried during a semiconductor device manufacturing
PO B B INGeade WAL FIR aiNBDaVe A BER) ANt ENIGtMBYHE DIGrSING THE
oxygen precipitates during the annealing process conducted in the
semiconductor device manufacturingsgidbedure. Also, during the
semiconductor device manufacturing procedure, oxygen precipitates
exceeding a certain level act as internal 20 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 %mk@g g#%?ij é} device, there
should be ensured a%ég\r%%% zone'w erjeé}%ey@e f%ﬁates should not

P2 gensraed, Thus, as

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 should be

ensured a denuded zone where oxygen precipitates should not be generated. Thus, as
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2 a method for forming the denuded region without defect and a BMD

(Bulk Micro- Defect) containing oxygen precipitates over a certain level in

a bulk region, wafer manufacturers use long time annealing or high

temperature rapid thermal annealing (RTA). In particular, in spite of many
unsolved problems, the high temperature rapid 5 thermal annealing is

more used recently due to a short process time and resultant high

productivity. The high temperature rapid thermal annealing anneals a

wafer for several to several ten seconds at a high temperature of 1,150 to

3 pefodwhickoinevigadly danseed sihgigisioctnon idefhet veater IBMIP (Bulk Micro-
dislocation generated during the high temperature 10 annealing exists on
RAofarfacenttimest lealesgervecipitatnstie semiconductevdeirice bulk region, wafer
manufacturing procedure, which becomes a cause of deteriorated yield.
Mhus{agusontretthisprotle mpteel rapidrthegn atapaealing prodedsrmal annealing
employs a method of balancing the center of gravity of a wafer on a 0.7R
(RigY)3-phintstipplart poupise lof ihanyaiesdned PréoR énmeti@e pojht temperature rapid
supporting method, three sharp-ended pins 15 made of quartz as shown
tineFrial hawealingddanbadaines the eehtelvefigrailyefmivaleriap and. f&ultant high
inner 3-point support. In this method, the wafer and pins are contacted in
Frodisin area, so it is possible to minimize thermal stress caused by

heat loss and deviation of thermal expansion coefficient according to the

materigi@iffesancenptratliconHnd giéaral %ﬂﬁe@l%gitdﬁrfé%ﬁs@l%ﬁ%r for several to
minimize slip dislocation. Thus, the wafer 20 on a 0.7R inner 3-point

SHRPATHRG RGNS RGN WAEE SHPRPTE PIDS 4S ICHERRRN LIQAAINMESH, causes

for rapid thermal annealing of a wafer not greater than 8 inches.

slip dislocation in the wafer. If slip dislocation generated during the high temperature
annealing exists on a surface, current leakage occurs in the semiconductor device
manufacturing procedure, which becomes a cause of deteriorated yield. Thus, 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 O.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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However, as wafers become larger, weight of wafer also tends to become
greater. 3 Thus, the gravitational stress, which was not issued in 8-inch

wafer, becomes a problem in 12-inch wafer, as explained later, so the
conventional wafer supporting method is, now insufficient for slip control. 5
SUMMARY OF THE INVENTION The present invention is designed to

solve the problems of the prior art, and therefore it is an object of the

present invention to provide a wafer support pin having an improved

structure to minimize gravitational stress and heat loss, thereby capable of
Hhiminthagasiinidsielctties; ahitla Wasaobimeeding Snietlowafsingabrmssmearoblem
10 In order to accomplish the above object, in one aspect of the present
imvientioh, whtae s pravidecdal sedescs tip crpien tivineteirm fefromipentng thethod is
wafer support pin, contacted with the wafer, is flat or rounded to minimize
myravitatithabstressldudogiralnnealing the wafer. Preferably, at least the

front end of the wafer support pin is made of quartz 15 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 materiafAlRE WEragry SFPROIqaolycrystalline

silicon may be doped with N or C to enhance mechanical strength. In

additionhatpessktheveanbend ofie saferssippeRt Pioman2QPee prior art, and
surface-coated with SiC or Si3N4 to enhance abrasion resistance of the

tHEEH RUIRNOANRIB;ect of the present invention to provide a wafer support pin having
an improved structure to minimize gravitational stress and heat loss, thereby capable of
minimizing slip dislocation; and a wafer annealing method using the same.

In order 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 SizNy 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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In addition, in the wafer pin used for annealing a wafer according to the

present 4 invention, a contact area between the front end and the wafer is
controlled such that, after annealing, a pin mark has a minimum sectional

area of 1.0x10-3 cm2, when being meggured after Wright etching is

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

wafer support pin. Meanwhile, though there is no need to define an 5

upper limit of this sectional area, the upper limit of the sectional area may

be set as 2.0x10-2 cm2, for easier implementation. In addition, to obtain
iHerdRionghareet efethbapireenatic thientrentlemd dheheafefes sopipoliedisuch that,
is preferably flat or rounded, but the shape and structure of the support
yhararenndi specificathaimiteckiitieseoticneti @rgdaisawif i 116 Abave when being
range regardless of the structure of the support pin. 70 Meanwhile, in

raeaihed ashe cvefdhedpresent ivyeniaed thers i5iaMAdeth WMaIE! portion between
annealing method for annealing a wafer while supporting the wafer by

theagsoinihdioafer agifer thereaisiiehnalel R R HefRiNeh&@W befine an
support pins, wherein an annealing temperature is in the range of 1,150

uppbr2BRE, dhenialREfGs R JRAIUS OBl MIMOH MR RBAIRE MAfChRSe set as

a mass of | OOg or more. 15 In addition, there is also provided a wafer

2HReGH anm,] %}Ogag%raiWMtgﬁg\f@fe rlwgiagimp%tigligceH}letWeafs%chXnal area of

point contact from a bottom thereof using wafer support pins, wherein,

ter annealing, in rk has a,sectional area of 1.0x10-3.to 2.0x10-2
R R PR A PR oty s7imta. bur e

PP G A RRRSFURONSRoREHCST T YRSHENR NS ST AR arca i

within the above range regardless of the structure of the support pin.

Meanwhile, in another aspect of the present invention, there is provided a wafer
annealing method for annealing a wafer while supporting the wafer by 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 1.0x10 to
2.0x107% 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. la is a sectional view showing a conventional wafer support pin used in
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BRIEF DESCRIPTION OF THE DRAWINGS FIG. la is a sectional view

showing a conventional wafer support pin used in 5 rapid thermal

annealing of a wafer and FIG. |b is the center of gravity of a wafer on a

0.7R inner 3-point support. FIG. 2 is a XRT (X-Ray Topography)

photograph showing a wafer after a two- stage rapid thermal annealing is
conducted using the wafer support pin of FIG. 1 b. 5 FIG. 3is a

photograph showing a pin mark appearing on a rear surface of the wafer

in case Wright etching is conducted for 5 minutes to a pin contact point of
theidvhéemaltertbadingo Stage fepid dHdh dlbaisrtbaliceyisr cdigtaetgdaisingafer on a
the wafer support pin of FIG. 1. FIG. 4 is a photograph showing an
etéRingpit3appeasingport.a surface of wafer 10 after the Wright etching of

FIG. 3. FIG. 5 is a diagram showing an annealing process to which an
intermédiate stabiRatico-RigpTsmdgephty e twegiagacaipid theatalafter a two-
annealing in order to prevent slip dislocation according to the present

pveniipnd HenRliamphotggsaphabirined by e alyzinguiRstafia YEfes. 1b.
surface according 15 to a temperature of the intermediate stabilization

step forpreventionpdtsip.gislacatinn inghe diaRrampathlGe® aFlar Gdsfae of the
diagram showing the annealing process to which a thermal treatment

sieRisAdarAGBIANGpiage d apiskithesnab ABNRAINGSINPRISMIRRHEYERbint of the
slip dislocation according to the present invention.

wafer after the two-stage rapid thermal annealing is conducted using the wafer support
pin of FIG. 1.

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

FIG. § 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 thermél annealing in order to prevent slip dislocation
according to the present invention.

FIG. 8 1s 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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20 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 6 wafer when Wright etching is conducted for 5
minutes to a pin contact point of the watfer after the two-stage rapid
thermal annealing is conducted using the wafer support pin shown in (a)
of FIG. 8, wherein (a) of FIG. 9 is the case that a front end of the support
pin has a radius of curvature of 0.4 mm, (b) is the case of 0.7 mm, and (e)
is the 5 case of | mm. FIG. 10 is a graph showing a slip-free depth of the

waler sheacl aekioptiRbieoia woditedrs of mHaBRs dfter fie worgist point of the
etching of FIG. 9 is conducted. FIG. 11 shows a thickness of an oxide film
Yridasaftd thsiny aptedipsoiaiarantanegsidnt ereridxitgtioningthg wafer support
support pins prepared by differently changing a radius of 10 curvature of

pire fhontrem @ thie Bgpphrivdiersitotan of @ECofFIGHS. FG. thatis dront end of the
photograph showing a pin mark appearing on a rear surface of wafer in
vagerapid the analianeéalingaisrearfdliétentny gindsatistipperd pih Tmade ofd (c) is the
silicon and prepared by differently changing a radius of curvature of the
¢mentogridwofithe support pin shown in (a) of FIG. S. 15 FIG. 13 is a graph
showing a slip-free depth according to pin materials. DESCRIPTION OF

THE PREFERREREMBOOWENTipefeinatiah praferesranbadinents@ing to a
the present invention will be described in detail with reference to the
@s0ahResYHIGhEGWIBS: the Wright etching of FIG. 9 is conducted.

FIG. 11 shows a thickness of an oxide film measured using an ellipsometer after
rapid thermal oxidation using support pins prepared by differently changing a radius of
curvature of the front end of the support pin shown in (a) of FIG. 8.

F1G. 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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20 Prior to the description, it should be understood that the terms used in

the specification and the appended claims should not be construedas

limited to general and dictionary meanings, but interpreted based on the
meanings and concepts corresponding 7, to technical aspects of the

present invention on the basis of the principle that the inventor is allowed

to define terms appropriately for the best explanation. Therefore, the

description proposed herein is just a preferable example for the purpose

of illustrations only, not intended to limit the scope of the invention, so it
tshérglanbeas aspderstobthih atr etbrer imyeivalents athe rhadifiodtitesprodipleethat the
made thereto without departing from the spirit and scope of the invention.
iRvientto expllinieta detier sepposppinataeldifig théhepressanime@ntioNherefore,
an analysis result after rapid thermal annealing is conducted to 8-inch
thaddk2eirptiovafecpossinhadanuentional walitssbipperapiplésaerFite [Birpose of
with a sharp front end will be 10 described first. Specifically, two-stage

ilpidaieimahBnnealingsnasicendistedhtosopecondiaindehddf, a8difofhould be
10 seconds at 1,215C with respect to 8-inch wafer and 12-inch wafer. At

dhisetimedthrawataesLgRRAIRsSha R bawasusash andithewaferwithout
was supported using the three-point supporting method identically to the

SPventianah ¢RSSpikh AMfteidhin Wondtade.aniealing, slip dislocation was
measured by means of pit observation using XRT (X-Ray Topography)

and Wpght eicBipgiant & shRrlieq f301en il as iRasy Rthe present invention, an
analysis result after rapid thermal annealing is conducted to 8-inch and 12-inch wafers
using a conventional wafer support pin (see FIG. la) with a sharp front end will be
described first.

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 identically 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 iﬁ 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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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 20 Wright etching was conducted thereto for 5 minutes. After
analyzing an etching pit therefrom, it wag found that there is no slip up to

400 to 500 pm from the surface. Meanwhile, in case of 12-inch wafer,

after analyzing in the same manner, as a 8 result of XRT measurement,

no slip was found except that a pin mark is formed at a pin- contact point

on the rear surface of the wafer. However, after the wafer is cut at the pin

alk poSRidmsmienBandalbn ehedreddusiagns imerostoperkfieformed at a pin-
conducting Wright etching thereto for 5 minutes, an etching pit was
ob¥estediohahdhyafar surface & dlsesiaten in HiGveyet) dier tihe wafer is cut at the
assumption that thermal stress caused by the same rapid thermal
pimnealkgoseibodoit [entitainid gpite diedifferentiiametarestpslifter conducting
evaluation results of 8-inch and 12-inch wafers were as follows. Namely,
Wayliatiohal stiesstis focfeasea duercitidnpgraasasaiieattdal thewaderfer surface
so the slip was dislocated even to the wafer surface in case of the 12-inch

wiadeopthdughlthe4slip Uteded Gheonivoligdion theS tinghwalgesAsduantionethe same
above, it would be understood that, if the conventional wafer support pin

anilitheecanyeniearhsapisiberwadennealing spiedhod amr-anpligddters, the slip
12-inch wafer with a mass over 100g as they were, an annealed wafer

withua-dasireelaidalsy maydnothe obtaines. MepIWhiRr@SA SENEMR .10 Namely,
minimize thermal stress in the thermal aspect, rapid 15 thermal annealing

BRBESEAIRRLIN AN A PRRIND SR {RYRAIEDPRIAMWEIRCIEARING the slip was
rate/decreasing rate than a conventional temperature increasing
ENRIIRICRAINII YR wafer surface in case of the 12-inch wafer, though the slip was
controlled in the 8-inch wafer. As mentioned above, it would be understood that, if
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. lais 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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though the conventional support pin shown in FIG. | a 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 20 experiment was conducted. That is

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

annealing at a first temperature Ti, then increasing the temperature and
conducting rapid 9 thermal annealing at a second temperature T2, an
intermediate stabilization step is was inserted. Namely, in a step of
thereasimyeatora pératne hdmrtipertitst¢cFopananireiidli tethialséeotidn step t, was
temperature T2, a step for stabilization during 1 to 10 seconds at a
tesapedatutéaiRlyetweesidhe fiist@asisg cotethtemparafuses o S insestgkrature T,
such that thermal 5 stress was reduced during increasing the temperature

to shhighdemiperaturettogpByentsisiip M anatsfiesifiealliuthg firsb 10 seconds at a
temperature T, was in the range of 900 to 1,200C, and 1,120C at this

experiment 17 betseeanbkiemperdtiteohd wapdatne:£a0ge ettdL0udR that thermal
1,250C, and 1,215C at this experiment. Also, the temperature T, of the 10

sntermegiataistabilizationistepwas 8& tedpeeeienpesatie sl f&dature to prevent
1,130C, (h) 1,150C and (c) 1,180C, thereby making thermally stable
anyironments for 5 seconds, respectively. After that, the temperature was
lowered at a decreasing rate of 30C/sec, and then a slip dislocation result

was Measiuresl AgNe resulh &l GnfhisapR0fogra0hhtal E%ei%ﬁé%@%c?fl,zomc,
conducting the 15 theérmal annealing process of FIG. 5 and then

Tk ‘i',”ﬁtH@% \é\{r%ggt %ﬁ?ﬁ‘?@eﬁ%r 5 e léteec%’nd temperature T, was in the range of 1,120
to 1,250°C, and 1,215°C at this experiment. Also, the temperature T of the
intermediate stabilization step was set to three temperatures of (a) 1,130°C, (b) 1,150°C

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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and then observing an etching pit on a wafer surface using a microscope.

(@), (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)

1,130C, (b) 1,150C and (c) 1,180C, respgctively. Seeing FIG. 6, the

number of etching pits appearing on the wafer surface 20 is respectively

(@) 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
Telepegditices abiheaitonstemisdiat8 S@Ehilizetismstelpisn {h80@fthevrefismo

slip on the wafer surface. In addition, this intermediate stabilization step

may bdrapdiiehmothtmnlyittartieeidwosaibide tapidsteprmay denaaing! et alsd, to the
to a one-stage rapid thermal annealing. That is to say, as shown in FIG.

thy witapearaatetisragidyaanagladinone stages-aipbighpiampeiaiiirannealing.
of 1,120C or above, in a step for increasing a temperature from a wafer

Toadingitempeiatiievhi itorbIgheshtar dek tempeapiiey Tah RPifObne stage at a
intermediate stabilization at a temperature T, lower than the highest

fasgeliaprpaialuse Meyobe Hickuded torgducs fheimal st (gsaatemi?&a%e from a

the wafer, thereby controlllng slip. In’conclusion, if a large-diameter wafer

Qhg | B%ﬁ;?%v?e%‘?g&%ﬁ&@ d'Voaaf‘%g?h&q 2 é{sﬂé‘ réﬁra eptions r%?cf? intermediate

support p|n arp ront en e gra |tat|o stress |é |nc
rdln he increas of | of the waf uld be difficult to
Sggﬁ?rolasll Rﬁeanw%’le gs sheo?/\c/lr? %eﬁ&lan gfl an 1’79”thefs hle ﬁep mperature may be

#2528 cet ruerse laowﬁeé na hi I &é ttem Llatur 3
Theeit&a Before reac Shgﬁ targe{:i‘fV be ff didHesP
unders r? %gr;[g%[si%lrp %a%a\gvg %’1§nl{g‘%cr:ew|§fer of 12 inch or above is rapidly annealed
using a conventional wafer support pin with a sharp front end, the gravitational stress is
increased according to the increase of load of the wafer, so it would be difficult to
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



10

15

20

15 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. 20 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
areeritism chas axfadnt antl dhatpisoroyridechortflad, distabatitizin Fded 8o lkisto reduce
for increasing a contact 11 area between a wafer and a support pin and
thusidistribltingsa dode: Seaés to reduce gravitational stress of the wafer.

More specifically, the wafer support pin shown in (a) of FIG. 8 has a
roundetidronpesid i, aliapeses RapHI Fihestaparad porigrreeferabih rounded
has a length H2 of 2 to 5 17 mm, and the rounded portion of the front end

prefesaalyhps apdiRmnpiefior? of the tepbodpeithppritraijmied &t@{z of 2 to

Also, the rounded portion preferably has a radius of curvature RI of

mnaaaethwsdﬂaéarpmm%me%mm %}M&Eﬂ SEASKS Uﬁ&é? @ of 0.5 to

support pin shown in (a) of FIG. 8, except that its front end is flat That is

tosay, t port 0in (b) of FIG. 8 orrespondi
B SO LI B SRAN Ps
éflnlte radi 1off:gryature Meanwhlle in the support pin shown in (b) of

éunga fhe front end preferart%?y%as a flat portion with a diameter 03 of 0.2

ﬁl)rs]- 5thrrf‘g]é wa e%@%g}ggg E)elg ﬁ?or&%nig r(%Ser?B%hgsisaslgg thtoH ?hgfsgg}go%gpm shown
in (2) of FIG. 8, except that its front end is flat. That is to say, the support pin shown
in (b) of FIG. 8 is corresponding to a support pin shown in (a) of FIG. 8 in which its
rounded portion has an infinite radius of curvature. Meanwhile, 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 SizN, to

enhance abrasion resistance of the support pin.
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not limited thereto. 15 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 supporg Bin 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 20 be doped on the monocrystalline or

polycrystalline silicon to enhance mechanical strength. Further, at least

the frodtsenchinane b elmurtacdronatpdllyithSiGiog SildNkidisenhaneefer such as 12-
abrasion resistance of the support pin. 12 As mentioned above, when

inaghi dhy fenndalingnablargerdidicte ter wwateisy die ag batincinaatesssbp tanwafer in a
be controlled by reducing the gravitational stress of the wafer in a way of
vaynelingwrdmakingfiaitiaefao i e fid of the wathe supfReriyppotigiginaiRreinafter,
after rapid thermal annealing is conducted to 12-inch wafer using the
arierapuppRinRin mieahbifactusad recording-tadhesares e vientiafedSupport pin
analysis result will be explained as an example. First, a wafer support pin
mafgehab@dZcmaiatabsipiadyeln thesaaewentonalysPRAMIANIPYE explained as
having a rounded front end as shown in (a) of FIG. 8 was manufactured.

A dhisdime, the front end was designed to have three radii of curvature:

(@) 0.4 mm, (b) 10 0.7 mm, and (c) 1 mm. Subsequently, the two-stage

rapid thgumal %ﬁ&aél%\%@ﬁ penenedAROYE WaR.AANAUGEA 1A &iNEihventional

wafer. That is to say, while supporting the 12-inch wafer at

support pin but having a rounded front end as shown in (a) of FIG. 8 was manufactured.
At this time, the front end was designed to have three radii of curvature: (a) 0.4 mm, (b)
0.7 mm, and (¢) 1 mm.

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

' d 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” em? 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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three points using the support pins prepared as mentioned above,

two-stage rapid thermal annealing for 3 seconds at 1,120C and for 10

seconds at 1,215C was 15 conducted. At this time, an intermediate

stabilization step as mentioned above 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 20 and the wafer was respectively

olagerVeédghs ¢aht Sxt 0 3@ Getéd) the@xTOfS Snminang (ehd2Hex hO:R:ates? height of
with respect to the support pins having the above three radii of curvature.

i athditignpitoriviegsioenatstipeire sutfapth o tht avatee masschitimigedtionodt#n a slip-
position of pin 13 mark, Wright etching was conducted thereto for 5

frinutesyand tthew dgraatast heighiQfthan igiing phokaing frrem thexv@arobtained.
surface of the wafer was measured to obtain a slip- free region on the

wafer Slsdager Tthus), thewesidliscamabavd dnuiGihd Qlvyere OBERIREY substantially 0
Seeing FIG. 10, it would be understood that the slip-free depth is

sUbsiatialy L2 IDCASS (/)& K20l S0h GHEVAIERARL 44110 GB3Y BCARIACH, slip-

area is 0.5x 10 3 cm2 the slip- free depth is substantially 15 pm in case

1elbe)eadh% us Q gg{ ﬁ?)"s |§ géz rérgg %Qgeaggonta are |s 1. o%<10"3 n_le and a

and slip-free c?ept minc (c ara us of Curvature is
min and a contact area is 2.1x103 cm2. Thus, in order to obtain a rapidly

SachaEraih atipey to 5RO T8 P SR FarR R Hharaseif s 3 gadius of

preferred that the front end of the wafer support pin has a radius of

euinAitife flanEnsnd 7 aamtaghdreacenfatt 496a setwedinthe iwatatearid obtain a
the support pin, measured after

rapidly annealed slip-free wafer to a depth of 15 pum from the wafer surface, it is

preferred that the front end of the wafer support pin has a radius of curvature of at least
0.7 mm, and a contact 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 2.0x107 cm®, for easier implementation.

Meanwhile, seeing FIG. 10, when the contact area is increased from (a) 0.5x107
cm’ to (b) 1.0x107 cm?, the slip-free depth is substantially linearly increased, while,
when the contact area is increased from (b) 1.0x107 cm? to (c) 2.1x107 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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Wright etching for 5 minutes, is at least 1.0x10-3 cm’. Meanwhile, though

there is no need to define an upper limit of this sectional area, the upper

limit of the sectional area maybe set as 2.0x102 cm2, for easier

implementation. 15 Meanwhile, seeing FIG. 10, when the contact area is
increased from (a) 0.5x 10-3 cm’ to (b) 1.0x103 cm2, the slip-free depth

is substantially linearly increased, while, when the contact area is

increased from (b) 1.0x103 cm2 to (c) 2.1 x10-3 cm2, the increase of

slip-free depth tends to slow down. Accordingly, the inventors grew an

dxvdifiim 6 the avade rfdmdvhe nhshieeketsithe achelhigeoofdtuickn &ssheftivasurement of
oxide film in 20 order to find a factor thereof. That is to say, rapid thermal
tnidaten (R T@way bendudteilforf3tsecbndspichdesrthal candlition, of temperature
1,150C and 02 gas flow rate of 10 sIm to grow a silicon oxide film in a
theiclknessdofh@Othpad firemmdfennanlinifién adiickhe sschdurddviationmmel ghander the
oxide film was obtained using an ellipsometer. In the measurement of

thisknessdeaviationebtwe gsidechimafommeddysapidithermal dxidadionxaie film is
temperature deviation during rapid thermal annealing is indirectly

measured tNamely oM denthe ehaus GRNAINLRS (L 3030 3059 90Sw Qeviation

gas flow rate of 10 shn), an oxide film is 5 grown in a thickness of 100A,

@P(S‘.’/‘/’i‘eefh‘I!:‘%‘utili?é?ﬂdﬁér%ﬁfré%\??éﬁ’c?nf5'@:51@%?&9%’i?@” of 0.7A, an

actual temperature deviation is calculated as 1C. ec_an\'/vh_ile,_the wafer
S e R0 BBl WIS T
ST 0 AT SAmen g Allressdeuelen
Il):rle%arle%l’ %V\{%t)ercases of 0.4 mm and 1 mm so as to measure a thickness deviation
according to the difference of contact areas. Then, as shown in (a) of FIG. 11, a wafer
1s supported using the support pins with different radii of curvature at the 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 1s 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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is supported using the support pins with different radii of curvature at the

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 measu&h ent result of the ellipsometer,

there 15 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
asrscotitactaxeacisinbrefisedcptintdsdotsalpasitvencenthovaréa FIG. 10.
between the wafer and the support pin is greater, good influence is given

to the glipca@tioghyrchinrdspectwfpletuatiothofd graviicticaal Siressedyst @ontact area
greater contact area causes heat loss through the contact point to cause
incabktem pesatile gexviatibeatthesebytoinei@asingsharcnelsstresssi@ecitdepth, the
would be understood that, as the contact area 15 increases, the increase

ok slippfieerdepth tendetosipyo Aowh assEROWN; b | GlchPicASEoINGlY, Wafer in
order to supplement the drawback that an increased contact area

iareasasshesmalaiesscinaatings) tnedusantiedngigass ARIBAER during the
depth, the inventors make a wafer support pin using silicon identically to

dhgewater inﬁ@pﬁgsi@e@tiom@fsﬂ@na{?ﬁ%ﬁd Wetivity, sod Ahermal £XPaRSIBRd such

coefficient during the annealing. That is to say, the support pin of this

@mhadimantdsimeniictined fuchsihalthe.fiont epdismegdeof £94#16ed and the

silicon material as shown in (a) of FIG. 8, and the front end is designed to

haweoitalahauvae /O AMMD AN LD EsRSRIN Ny T, respeciively.
wo-stage rapid thermal annealing (1,120C and 3 seconds; and 1,215

ﬁ%j t%\(/)o-stage rapid thermal annealing (1,120°C and 3 seconds; and 1,215°C and 10
seconds) identical to the former case was conducted using the support pin prepared as
above, and then the same Wright etching was used to measure 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) 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 um. 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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10 seconds) identical to the former case was conducted using the support

pin prepared as above, and then the same Wright etching was used to

measure a pin mark on a rear surface of the wafer and a slip-free depth

of the wafer surface. As a result, as shoyn in FIG. 12, the contact area

was found as (a) 0.5x 10-3 cm2 in case the support pin has a radius of
curvature of 0.4 mm, and (b) 2.1 x 10-3 em' in case 15 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 ddpihths \Ninigrinhyetobingpedascpnghoctied for theninctesand therattact area.
etching pit was observed using a microscope. As a result, in case the
Supporttpindyaviny ewadiusliph cutyatuie mkinmrhds wsegpdie plipfieée of silicon
depth was found as about 45 m. That is to 20 say, as shown in FIG. 13, in
oaseialdsppad pindmadeoot duar siaierialiisiisesothriaine ioace: aif

slip-free depth slows down according to the increase of the contact area,

while, infeaseHfle, sHpperapivenadpddisilisanmateRismead agnghis, the rapid
embodiment, the 16 slip-free depth is linearly increased in proportion to
thareaseOhide 6eRtast akeder TRBHISTOpHRJIELVIBNG OfSHRLPNRhttinvention,

means that a support pin made of silicon material is more advantageous

thans SURBRE:PHMadsm ohavartz rateial sMeanwhiles e ABYE the two-stage

embodiments and experimental examples, the rapid 5 thermal annealing

RO AR SHRROTH RINACARAIRGLIn e IERRT IYER RN w IAMEIY Rrt pin of

support pin having a fiat or rounded front end, was illustrated as the

i . _ it he rao | ino usi ‘
ﬁ‘{\éop?%%fgﬁt Eﬁ‘@éﬂtﬁ%ﬁ%?@?ﬂ%@‘!&ﬁgt&%é &6@8‘%%%%%‘%%&%‘%&5‘”a%neahng.

the wafer support pin of the present invention IS not I ove
Syl %Ea%esﬁ%P'ﬂl%h%rPe?' &%@%ﬁ"ﬂ% of the present invention may be applied to one-

stage rapid thermal annealing, and it may also be used for common annealing, not rapid
thermal annealing. Further, the above wafer support pin may be used for rapid
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



"That is to say, the wafer support pin of the present invention may be

applied to one 10 stage rapid thermal annealing, and it may also be used

for common annealing, not rapid thermal annealing. Further, the above

wafer support pin may be used for rapid 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 15 understood that the detailed description and specific

examples, while indicating preferred embodiments of the invention, are
givatatiynalastiodsllastratipmomlyy 8neclaveridimnciangeseans rabdiéit aticrfectively
within the spirit and scope of the invention will become apparent to those
slitied shitkéskrddiom thisdstailpabitestripting 220 ARRHBABIIYd T fer.

THE INDUSTRY According to the present invention, a wafer support pin

used for atdiealingduasdin frontlenehpantaeiat Witheatiisdenstheld ek thafer of the
front end is formed flat or rounded, so 17 gravitational stress
aesamparietbwitmalaga-diareslepiNalenis segueask tarlieativelympentiale lower
slip dislocation, thereby capable of giving a high quality annealed wafer. In
taelsliiansaecendiehiorthpRpid-tackmal anasalinchpethed eftowalerfso thermal
the present invention, an intermediate stabilization step is executed at a
st@é@p@@tw@ttpvm%rw%f@}e}ﬁ@ W oeliemRre e psfigre reaching an

annealing target temperature, so thermal stress applied to the wafer may

be reduced to prevent slip. MCSLLP 18
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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, and
wherein the front end of the wafer support pin has a tapered shape, and
the tapered portion has a length of 2 to 17 mm. 10 2. The wafer support
pin according to claim 1, wherein at least the front end of the wafer
support pin is made of quartz materid® 3. The wafer support pin
cording to clai 15 wherein at least the front end of the wafer support
WI%KTM g:'?;%éc: 4:‘.u..u&rystalline or polycrystalline silicon. 4. A wafer
support pin for supporting a wafer during annealing of the wafer from a
bottom, 20 whergin a front end of the wafer support pin, contacted with the .

wafer: is flat of PAERJSPRIERIA A0 SNRRE éhd"8f theWatag annealing
of suppostpinfis mad® oft éaonocrystalline or polycrystalline silicon, and

wherejn the mongpcrystalline or polycrystalline silican is doped 25 wjth N
or CYBSFRE LT Qb ot AREortRg Lo THRROS! PITs Contacted with the

wafer, is flat or rounded, and

wherein the front end of the wafer support pin has a tapered shape,

and the tapered portion has a length of 2 to 17 mm.

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. A wafer support pin for supporting a wafer during annealing
of the wafer from a bottom,

wherein a front end of the wafer support pin, contacted with the
wafer, is flat or rounded,

wherein at least the front end of the wafer support pin is made of
monocrystalline or polycrystalline silicon, and

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 SizNy.
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wherein at least the front end of the wafer support pin is surface- coated
with SiC or Si3N4. MCSLLP 19 6, The wafer support pin according to

claim 1, wherein the front end of the wafer support pin has a flat portion MCSLLP

with a diameter of 0.2 to 1.5 mm, and wherein, after annealing the wafer

using the wafer support pin, a 5 pin mark formed on a contact portion

between the wafer and the wafer su gort pin has a sectional area of

1.0x10'3 to 2.0x10'2 cm2, when being measured after Wright etching is

con%.lctedjt%r 5 minutes to the contact pqrtion tbetﬁ/een Ehe wafer and the

Wafer’supporfip‘fﬁ1 7 PR Warer %ﬁﬁﬁér IB% acc F’dfﬁg to claim 1,

whevelre tieénfroint efrd of tedvaferiseppatiepins iproundpth dngkthe flat portion
. rounded partion radiys of curvature of 0.7 mm or more. 8. The wafer

Wltglu%ﬁ%ﬁnpﬁer?%rcgoé: i%g% ?:éirrnn%lqs@vherein the rounded portion of the
frontvengt eftthen wafensuppbn gpithhas afdiametep of :5wa fleb mmppand pin, a

pin’0S '”f@%‘%%%éngﬁagngéﬁ?ab%vﬂﬁwﬁ'”& foe waler %%Qp%fe'?’ &, pinyratk, .
formed on a contact portion between the wafer and the wafer support pin
suphas @ sactionalates b b Ax @B tf 2L00AM2 em2 Whan Betng20when being
i — , tact
megnSlel%g rea(%t%? {K;nrglg%l‘t!t g‘}gﬂﬁ% I?SC%%%U l}ggefc?rf%rm gn l#ltl?glg?etg etgot eaccontact

portion between the wafer and the wafer support pin.

7. The wafer support pin according to claim 1,
wherein the front end of the wafer support pin is rounded, and the

rounded portion has a radius of curvature of 0.7 mm or more.

8. The wafer support pin according to claim 7,

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 1.0x107 to 2.0x102 c¢cm?, when being
measured after Wright etching is conducted for 5 minutes to the contact

portion between the wafer and the wafer support pin.

9. A wafer support pin for supporting a wafer by 3-point contact
from a bottom thereof during annealing the wafer,

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 1.0x107 to 2.0x102 ¢cm?, when being
measured after Wright etching is conducted for 5 minutes to the contact

portion between the wafer and the wafer support pin.



portion between the wafer and the wafer support pin. 9. A wafer support
pin for supporting a wafer by 3-point contact from a bottom thereof during
annealing the wafer, 25 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 1.0x10-3 to 2.0x10-2
em2, when being measured after Wright etching is conducted for 5
minutes to the contact portion betwe&h the wafer and the wafer support
pin. MCSLLP 20 10. A wafer annealing method for annealing a wafe .
Wile Gupgbriig (B EHSF By HEpd Pt QilacksTort S BBOH rdeh (ing hile
supyaferi iguphertains; whereiniaitercanaealifgnmapinonank foined Onging wafer
contact.portion 5 between the wafer and the wafer support pin has a
SURRioRA! &rea of 1.0x10-3 to 2.0x10"2 cm2, when being measured after
Wrighthetetiing it eonductedifar, 5 anjriutes dokhfocantdcoporiarvheivegiortion

bett&%g\{laf%gean\gvatllggr V\é%f r%gp\o}vr;[l%?. support pin has a sectional area of

MCSLLP

1.0x107° to 2.0x107* c¢cm? when being measured after Wright etching is
conducted for 5 minutes to the contact portion between the wafer and the

wafer support pin.



