DESCRI PTION  METHOD AND JI G FOR HOLDI NG SI LI CON WAFER TECHNI CAL FI ELD

[ 0001] The present invention relates to a nethod for holding a silicon
waf er when the silicon wafer is handled in a silicon wafer conveying step
or a heat treatnent process in which a vertical boat is used, and a hol ding
j1g used on these occasions. BACKGROUND ART [0002] In producing the silicon
wafer, there are many processes which are perfornmed while the back side of
the silicon wafer is held in contact with a supporting nenber or a suction
menber and kept in a horizontal position. Exanples of the processes

include a silicon wafer conveyi nEst@H PRI dHeat treatment process in which a

vertical boat is ugegiopnakBAstGapbd HBEDTRG anneaboNNGhFHN OCess, a
single-feed type epitaxial growth process, and an SO heat treatnent

process. The processes are perfornmed while the silicon wafer back side is
hel d i n codpgotcam tirgihe supporting nenber or the suction nenber and kept
in a horizoq}al position. [0003] Recently, since a highly integrated device
is produc@H)]ﬂn a generation of stepped-up mniaturization with increasing

di aneter of thehw®ffesdrt iihwnenessame o decreas endhieoduiderhobdisgr at ches
to be caused_hy the contact between the wafer an t he supportjng nenber as

few as pGsSHBRECNTHAFBEJFReN ithe FaAdICrORgWRABT s Fi IRer e 2t ek ECAR i se
unavoi dahlsre Kiddnstang ascdP adepthait adoe thesrd ic}ﬂgaée@é e i whiNgh ci only
edges are heldigﬂ | e t.he silicon fﬁf,ls not held at its back 6 side by the
sucti on nEMEC3HNACRhe S FRED [3676’0%?‘0 GG hhp e AP ARESE PO RPpl i cat i on
Publ i cat iBxTKdRGkeed )amp. 2002- 33378 di scl oses a handl i ng apparatus i ncl udi ng
an end-ef{&a&é]ng menber which is freely novable in a vertical

In producing the silicon wafer, there are many processes
which are performed while the back side of the silicon wafer
is held in contact with a supporting member or a suction member
and kept in a horizontal position. Examples of the processes
include asiliconwafer conveying step, a heat treatment process
inwhichavertical boat isused, anRTA (rapidthermal annealing)
process, a single-feed type epitaxial growth process, and an
SOI heat treatment process. The processes are performed while
thesiliconwaferbacksideisheldincontact withthe supporting
member or the suction member and kept in a horizontal position.
[0003]

Recently, since a highly integrated device is produced
in a generation of stepped-up miniaturization with increasing
diameter of the wafer, it is necessary to decrease the number
of scratches to be caused by the contact between the wafer and
the supporting member as few as possible. Therefore, in
handling the silicon wafer, there arise unavocidable
circumstances to adopt an edge handling system in which only
edges are held while the silicon wafer is not held at its back
side by the suction member and the like.

[0004]

For example, Japanese Patent Application Publication
{Kokai) No. 2002-33378 discloses a handling apparatus including
an end-effecting member which is freely movable in a vertical

direction and at least three chuck-finger members which are



direction and at |east three chuck-finger nmenbers which are 1 attached to
the end-effecting nmenber and which have | ower end portions used as a fl ange
portion. An upper surface portion of the flange portion of the chuck-finger
menbers is forned into a tapered surface, the end-effecting nenber is
| owered and set sideways in the vicinity of wafer circunference from above
the wafer, and the chuck-finger nenbers are closed to hold the wafer on its
tapered surface. It is said that the thin wafer which is hardly held by a
conventional back side suctign nethod or clanping nethod can stabI% be
o

handl ed Vit4sdted Génbhst RE-BEEBFRARPORCBP ST raftd (e O here hwarer €hdce force

is not appdtetbri® i W er rllaedet perehvek- f AROEPPEEHEF Sace [ HOLBI ofN the

ot her hand onventionally a siljcan fer. havin crystal orientation <100>
or <1115 9% thE AR IERPIH DR d 1% QUM COntRIES brilenbnt 1S FEQERERy i nce

carrier nobid id taiferdd s st EoNdied andt efbddt 1 i dednb&le pendbowaréhe
crystal ozaentatLo of the fer, attentign fgcuses on éhe use gf a
sili con tEPHafiRg e st ToFi BAEARTEY 211831 ¢h TREPURsRr ¢ e dbhafds on a

hi gh- speesboperiatd am fdr t hend e € aitluck of i ey eraiémbe a8daneegdbosod the
pLlLcon valel faviageihe crvstel oclentsiion Sl are sonpg, s 5
can incredsn thef@ardlich othdid)y tiee BXpegta tdeneehi tyeaknbaok sbee
Pt SPELE o P SR SBL 00, SPEed LIS, Be ol g1, erent
pri nci pal g faice g wiefio xoapisedom fha@tsié | cbntwafwes fehayingecfystal {100}
plane as its principal surface which s _currently.a_nainstream wafer,
contact sct arf&easp% e%a%?lgheg‘%t?ﬁt tﬁoﬁnngéﬁ SEPétk_&:ilpg&Ef EFERETA" portion,
and unfof@@iarely the wafer is easily fractured by devel opnent of the
crack initiated,[rgm SO AGH R ALENERL 1 H0LT 1% WA 1ddR b&%er having

crystal orientation <100> or <111> is mainly used to produce

a semiconductor element. Recently, since carrier mobility of

the semiconductor element largely depends on the crystal

orientation of the wafer, attention focuses on the use of a

silicon wafer having crystal orientation <110> in response to

demands on a high-speed operation of the semiconductor element,

and needs for the silicon wafer having the crystal orientation

<110> are growing. This is because the use of the silicon wafer

having the crystal orientation <110> can increase the carrier

mobility to expect the achievement of the high-speed operation

such as switching speed in the semiconductor element.

[0006]

However, in a silicon wafer having crystal {110} plane

as its principal surface, when compared with a silicon wafer

having crystal {100} plane as its principal surface which is

currently a mainstream wafer, contact scratches are easily

generated 1n an outer circumferential ©portion, and

unfortunately the wafer is easily fractured by development of

thecrackinitiated fromcontact scratches. Thisisnotlimited

tothesiliconwaferhaving {110} planeas itsprincipal surface,

but a silicon wafer having {100} plane as its principal surface

is also somewhat easily fractured in a specific direction,

compared with other directions.



to the silicon wafer having {110 } plane as its principal surface, but a
silicon wafer having {100} plane as its principal surface is also sonmewhat
easily fractured in a specific direction, conpared with other directions. 2
[ 0007] The edge handling al one disclosed in Japanese Patent Application
Publ i cati on (Kokai) No. 2002-33378 is an ineffective counternmeasure agai nst
such fracture caused by contact scratches. DI SCLOSURE OF | NVENTI ON [0008]
The present invention has been made in view of the foregoing, and an object
t her eof |§ o pI‘OVI de a silicon wafer holding method in which the wafer
fracture eld by devel opnment of the crack initiated fromeasily generated
cEnt aclt scrath*I]ce@ : hearpdiliié@@ti&ﬂiona aﬁgc&bbe@onmm@anmtpﬁﬁé?tlyhln
the silicon . wafer hav a prin J ce ile the
gener at i oﬁ?%%%%nt%@&é‘&?ﬁ ‘E Zgggalb)y MRe c%ﬁfb?ctj tff\L/eeJnS tH waf er
and the e;nobﬁﬁécﬂcivé\gc@iﬁmb@fm@asﬁﬁ@peg‘auﬂgtrreﬁnhw friaxsthadicethasd | bytl e as
possi bl e in r;cdl Icffgaatt e wafer in the processes such as a silicon wafer

conveyin TR®atment process in which a vertical boat is used,
an RTA prml(&:SI&)BtmE gl evENBOONYpe epitaxial growth process, and an SO
heat tre t process, and a holding j ig used in applying the hol ding

met hod. [ The problemthat fracture is easily generated in the silicon

waf er havi ng {"I:h]e!);}remam*eiasrehtt&opr}iarmlb@ehmadefiaceié‘sofa:tl'terfdmé@dim@,the fact

that the silicon . wafer havi (1101 plane. .as_its princi | surface has
(1) b s vt e Tt Rt o Fa R adia 1 § Poor 1B B9 L%8aac™ .
i n cases meErad ain SdHJlGiDFtW@.vai’fé’ﬂOlﬁltaIgtlpIBIdtamEd oy hdewal epmedygeoporti on

s in tmenéjicrreacéli Oir}]ﬁiaif]é' 4 dhn P& ‘li}?lgéﬁ)eéée'él'c}l g&ﬁpgcgrsjzrna@ches
canbepreventedinthesiliconwafer, particularlyinthesilicon
wafer having {110} plane as its principal surface while the
generation of the contact scratch caused by the contact between
the wafer and the end-effecting member or supporting member
is reduced as little as possible in handling the wafer in the
processessuchasasiliconwaferconveyingstep, aheat treatment
process in which a vertical boat is used, an RTA process, a
single-feed type epitaxial growth process, and an SOI heat
treatment process, andaholding jigusedinapplying the holding
method.

[0009]

The problem that fracture is easily generated in the
silicon wafer having {110} plane as its principal surface is
attributed to the fact that the siliconwafer having {110} plane
as its principal surface has {111} plane which is a cleavage
plane in parallel to <110> axis. That is, in cases where a
silicon wafer holding position in the wafer edge portion is
in the direction of <112> in parallel to {111} plane or in a
direction close to the direction of <112>, the contact scratch
is easily introduced into the outer circumferential portion
of the wafer by the contact with the holding jig, and the crack
is developed inwards starting from the contact scratch even
if an extremely small external force is applied to the wafer,
thereby generating the fracture of the wafer.

(0010]



direction close to the direction of <112>, the contact scratch is easily
introduced into the outer circunferential portion of the wafer by the
contact with the holding jig, and the crack is developed inwards starting
fromthe contact scratch even if an extrenely snmall external force is
applied to the wafer, thereby generating the fracture of the wafer. [0010]
3 In order to achieve the above object, the inventors nmade investigations
to prevent the fracture to be easily generated in the silicon wafer,
particularly in the silicon wafer havin 1110) plane as its princigal

surface. Asa rdSuPFIerhel | V6 §ner 2BeTR PRIF Giaed NEndB VERhPEE B4EC edge
handl i ng irsvedilgadiondheo pabeentsthel hddt erdlitebbi 8si Dy Wddrdtwedfracture
Sones o5t bl SETeLal e cavordins the dir ectiion Secompanying Lhe Lrocture,
i dea. As (@ I0gspléne bibeiinyenhol patenfrifiated t Rata rébel bpldienthpasiérons can
proper| Y b Sell 1e0, 8kt Be.tot ot PSS . ROL 1,400l 0L heo vl ufen (e
consi der ek fler iassold dhi frliwiddt irch aavaigeh phanfraavdréhiat nbheegs £vent i on of
Lhe 1 eciyne caused Ry eantach sqisLebes, MLSHLR, e PRI sblect
the invento@lisliconpl eted the present invention. [0012] The summary of the
"D or (2) A% AMSI G T deR e BOISW T T8 D3 GHEA o used
i n appl yiefifedtheosi thedaenaf eRsholreisng tret hod nveht o sredvhbd rived tioddi ng a
o111 con VB DRYA, {31610l 205, 5553y AL DAL P 60, g puget o1 2o
regi ons portion to hold the wafer when the crystal plane and crystal

orientation of the silicon single crystal are considered in

association with a cleavage plane, and that the prevention of

the fracture caused by contact scratches, which is the primary

object, could be achieved by holding the wafer at the defined

positions, whereby the 1nventors completed the present

invention.

[0012]

The summary of the present invention includes a silicon

wafer holding method described below in (1) or (2) and a holding

jig described below in (3) or (4) which is used in applying

the silicon wafer holding method.

(1) A method for holding a silicon wafer having {110} plane

as its principal surface is characterized in that the silicon

wafer is held in wafer edge regions except for those regions

each defined by the direction range: 20° to 40°; 140° to 160°;

200°t0220°; and 320° to 340° respectively, interms of clockwise

direction relative to the reference direction as being from

the center of the silicon wafer toward <100> in parallel to

the wafer surface.

[0013]

As used herein, “the silicon wafer having {110} plane
as its principal surface” means a silicon wafer in which the
wafer surface is formed to have {110} plane where a device is

processed, that is, a so-called device active region can be



each defined by the direction range: 20 to 40; 140 to 160; 200 to 220; and
320 to 340 respectively, in terns of clockwise direction relative to the
reference direction as being from the center of the silicon wafer toward
<100> in parallel to the wafer surface. [0013] As used herein, "the silicon
waf er having {110} plane as its principal surface" neans a silicon wafer in
which the wafer surface is fornmed to have {110} plane where a device is
processed, that is, a so-called device active region can be 4 formed on

{110} pl ane when th fer is used to fabricate the deyice, [0014] In the
silicon %é’fré?edn&ndi{ﬁé\éﬁeﬁéaed‘g%%?itﬁéed‘i QEyLS uges Fabﬁrb%‘ég%?l’? on waf er
havi ng { HkB}iqd.ane as its principal surface is held in at |east two wafer
edge regi@gﬁf@nnng those regions each defined by the direction range: 55 to

80; 100 5; 235 to 2600; and 280 to 305 respectively, in ternms of
cl ockwi se diredn ahe elidtiicomn twa fidre Healfdirenaes thiddcde i Bsed beh nglf y om t he

Ther of or &= Sratdnt EBF T S JARERd Theo dardhar i Bnects the HriRt thatis -
further isqricesd isi helleisidt teaswates.wd OO Bdge Zpghonst Amdnforhdee di ng a
Th that (RGOS S HarePePsPRarE T LT o b i ge CxRlnt TH those
regi ons teadlzSdef LABA ty 240 ;danecZ80ON tadSs°® Getpet®iveQyt,01800ermd 70 to
direct i o T SLACAIE 0Ot RECPAPRr ShEstar Fettihie ragenirty FromERe i er of
t he sili dminmafieron ovee dcedli®r oA thar alillelcono wialfe maferarslrdJde@ {0016]

parallel to the wafer surface. Therefore, the effect of

preventing the generation of the fracture is further improved

in the silicon wafer.

[0015]

(2) A method for holding a silicon wafer having {100} plane

as its principal surface is characterized in that the silicon

wafer is held in wafer edge regions except for those regions

each defined by the direction range: 0° to 10°; 80° to 100°;

170° to 190°; 260° to 280°; and 350° to 360° respectively, in

terms of clockwisedirectionrelativetothe referencedirection

as being from the center of the silicon wafer toward <110> in

parallel to the wafer surface.

[0016]

As used herein, “the silicon wafer having {100} plane

as its principal surface” means a silicon wafer in which the

wafer surface is formed so as to have {100} plane where a device

is processed, that is, a so-called device active region can

be formed on {100} plane when the wafer is used to construct

the device.

[0017]

{3) A silicon wafer holding jig is characterized in that a

silicon wafer having {110} plane as its principal surface is

held in wafer edge regions except for those regions each defined

by the direction range: 20° to 40°; 140° to 160°; 200° tc 220°;

and 320° to 340° respectively, in terms of clockwise direction

relative to the reference direction as being from the center



As used herein, "the silicon wafer having {100} plane as its principal
surface" means a silicon wafer in which the wafer surface is forned so as
to have {100) plane where a device 1is processed, that is, a so-called
device active region can be forned on {100} plane when the wafer is used to
construct the device. [0017] (3) A silicon wafer holding jig is
characterized in that a silicon wafer having {110} plane as its princi pal
surface is held in wafer edge regions except for those regions each defined

by the dlrectlon ra . 20_to 40; 140 16Q; 200 tq 22 nd 3 to 340
respect i V& 1§ risjt3e“r‘?gf%“ ofaEebckaraeddr ﬁﬁeh R Praaaéﬁeae &% tta}}‘?e ‘?‘%?‘”e? ence
directicnsugfdya ng fromthe center 5 of the silicon wafer toward <100> in
paralleldt%HF e wafer surface. [0018] In the silicon wafer holding jig
descri bed 4 desirably the silicon wafer having {110} plane as its

princi pal surfm:etlh@ belldcon atafeasholdnyafidrg ed@scfegé@ninanpmg, t hose
regi ons each q§gln§gp he d|r ctlon to 125:. 235 to

range:, .85 0;
260; and }?1“:“{Jerf‘?rrgj(-i1(9?1 #3’8?\/@%% GG ot el ati ve
to the refrfanee idi hetdi pn mlebetngw6FMém@dg%1teg10hst brosyl tlcove waf er

t d <100> h f f . _Ther ef t of
br event ; e Iy SRETAEF OB PRt 1s SR E TS Fartey S PBvR 7 (10The ©
silicon WafeQS°[0919f tdz@GOR,sahdc@ﬁomakeBOﬁdldbagepmgve&ychanaméem$zed in

that a sj qQn m% erdQ%V| %logi g an |t% EFI%CI sgg%gge |§ hel d
in wafer ed§ gﬁigﬁé 88p or “tRosé reglgﬁ% Sach gt %éﬁ Phd
directi orberzzmgefrcﬁmttothQeﬂﬂerooiOOhel%@luath(ﬂr,aerG(tdvmﬁBOgl(mn?d B350 to 360

respect i nely I LR f 1 pEkv 38 ralll eoUh IR VEnko diie dief gf ence
preventlng the generation of the fracture is further improved
in the silicon wafer.
[G019]
(4) A silicon wafer holding jig is characterized in that a
silicon wafer having {100} plane as its principal surface is
held inwafer edge regions except for those regions each defined
by the direction range: 0° to 10°; 80° to 100°; 170° to 190°;
260° to280°; and 350° to 360° respectively, interms of clockwise
direction relative to the reference direction as being from
the center of the silicon wafer toward <110> in parallel to
the wafer surface.
[0020]

According to the silicon wafer holding method of the
invention, the generation of contact scratches caused by the
contact with the end-effecting member or the 1like is suppressed
as few as possible in handling the wafer, and the fracture caused
by contact scratches, which can be easily generated, can be
prevented in the silicon wafer, particularly in the silicon
wafer having {110} plane as its principal surface. The silicon
wafer holding method can easily be performed using the silicon
wafer holding jig of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]
Fig. 1 is a view schematically showing regions where a

silicon wafer having {110} plane as its principal surface is



the center of the silicon wafer toward <110> in parallel to the wafer
surface. [0020] According to the silicon wafer holding nethod of the

i nvention, the generation of contact scratches caused by the contact with
the end-effecting nenber or the like is suppressed as few as possible in
handling the wafer, and the fracture caused by contact scratches, which can
be easily generated, can be prevented in the silicon wafer, particularly in
the silicon wafer having{110} plane as its principal surface. The silicon
waf er hol ding nmethod can easily be performed using the silicon wafer

hol di ng j1%F%f the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS [0021] Fig.
1 is a view schrerpt i2cakl ¥ shew $@hémgt 0081 pesiCowi n§ithd £ o ¥ef eFalbibByi Ng
{110} plane as its grincb al,iurface tg 6 hel d. tho 2 i,s a view
schemat i CAIAPEhMTEE b8 Sref&PRbIE LSt dnelt L0¢ hE1eNE &6h Waf er
havi ng { BkOnplmile asridse pimeigal surface is held. Fig. 3 is a view
schematical ly omﬁgg.regions where a .siigcon waf er having {%QO% pl ane as
its principal sdFacelfs? KefH. SERgRafirelly FRAMSEAhE?+24F I YPShSWE ng how a
waf er i s sileldgbrusiatig:ra hfaeungddilion jSpppoet akypes het thadpal gsuBESde MPES FOR
CARRYI NG THE I NVENTI ON [0022] The silicon wafer holding nmethods of the
present i ition described in (1) and (2), and the holding jigs of the

i nvention desdriidhed iirs (a3)viawd hemdt icia lare sisedinag pew forwa Hgr t he

hods, ill_be d i bed with f he .d i.ngs. [0023] Th
rethode: patd o BgSCLPE AR Eebghence Lo Llsgghaunge (0029 The
BEST MODES FOR CARRYING OQUT THE INVENTION

[0022]

The siliconwafer holdingmethods of the present invention
described in (1) and (2), and the holding jigs of the invention
described in (3) and (4) whichareused inperforming themethods,
will be described with reference to the drawings.

[0023]

The siliconwafer holdingmethod described in (1) as above
is a method for holding a silicon wafer having {110} plane as
its principal surface, in which the silicon wafer is held in
wafer edge regions except for those regions each defined by
the direction range: 20° to 40°; 140° to 160°; 200° to 220°;
and 320° to 340° respectively, in terms of clockwise direction
relative to the reference direction from the center point of
the siliconwafer toward <100> in parallel to the wafer surface.
[0024]

The holding method can be used when the silicon wafer
is handled while kept in a horizontal position in the processes
such as a siliconwafer conveying step, a heat treatment process
in which a vertical boat is used, an RTA process, a single-feed
typeepitaxial growthprocess, andan SOI heat treatment process.
The same holds true forthesiliconwaferhcoldingmethoddescribed
in (2) as above.

[0025]

The reason why the silicon wafer holding method of the

invention is aimed at the silicon wafer having {110} plane as

its principal surface is that, since the siliconwafer has {111}



is a method for holding a silicon wafer having {110} plane as its principal
surface, in which the silicon wafer is held in wafer edge regions except
for those regions each defined by the direction range: 20 to 40; 140 to
160; 2000 to 220; and 320 to 340 respectively, in ternms of clockw se
direction relative to the reference direction fromthe center point of the
silicon wafer toward <100> in parallel to the wafer surface. [0024] The
hol di ng met hod can be used when the silicon wafer is handled while kept in

Stop, o oand PRLHON B eee i h BT e Bt L 1L LR o KTA

process, @miatd esdreadth tiype i Taxirad rgiondd f acesss ansrarn SQliheat

treat ment_pr.qcess. . The sa haol ds true.for.the sil.icon.wafer _h Lng net hod
descr | beRIA TS 45 HRBLaDEsE PRECBRGbhE vy A i ReoRE et 47 Rol i ng
met hod ofott béoskentwverniri pariag leilnmed @11 helane ¢coamdaher chavknie{dll®ps pl ane as
its principal_surface s that, since the siligon wafer. has 11) pl ane as
bei ng cl elargwgagredssplérnoe% t|hne pcaornatia}ceq %Cora&%b St %lerga}c%ur%o ttl%c"fa( é%lf atchi s

easi |y i ntff aduertremetasese Whene droladi figr cposs tdppiisi edh tichehwad £ 1 edge

portion Ivjaef%(p directions of <112> or close to in parallel to (1111 plane ,
and the crack develops inwards fromthe contact scratch to fracture the
waf er evelP044) an extrenely snmall external force is applied to the silicon

wafer. [0026] Ip EQS Mcpji.r{%m@%%g{d Pfthtehfrﬁwxg%h(?;thé EE%-T 'oincxﬁ?fa‘@f er is
hel d in specific edge regi ons excep? for & above’ described  waf e edge
regi ons rigd heildeln speke frefedenceddionsceroaphsidiethg aboromdewcedmer of the

silicon wafgl Eaagrr_qegﬁ?&? refl%rt'%aggltgl JL.Q%\@Egnﬁegﬂirfé:ééP& La@o%éln n
parallel to tlhe fer’surface. As use eher el'n, "edge region” of wafer neans
an edge (edreithe center of the silicon wafer toward <100>, for example

toward a direction [001], in parallel to the wafer surface.

As used herein, “edge region” of wafer means an edge {(wafer

circumferential end face) in an ocuter circumference of the wafer

and its vicinity.

[0027]

Fig. 1 is a view schematically showing regions where the
silicon wafer having {110} plane as its principal surface is
held. Referring to Fig. 1, there are shown diagonally shaded
fan-shaped regions of wafer surface, each of which is defined
by the direction range: 20° to 40°; 140° to 160°; 200° to 220°;
and 320° to 340° respectively, in terms of clockwise direction
relative to the reference direction {(0°) indicated by an arrow
in Fig. 1 as being from the center “C” of the wafer 1 toward
<100> in crystal orientation. In these shaded areas, the
fracture caused by the contact scratches is easily generated,
and edge regions of these fan-shaped regions are the ones where
the wafer holding (handling) should be avoided.

[0028]

In the holding method of the invention, the wafer is held
in the wafer edge regions except for those regions where the
wafer holding (handling) should be avoided, that is, being held
in the edge regions of the wafer surface which are not diagonally
shaded.

[0029]



circunferential end face) in an outer circunference of the wafer and its
vicinity. [0027] Fig. 1 is a view schenmatically show ng regi ons where the
silicon wafer having {110} plane as its principal surface is held.
Referring to Fig. 1, there are shown diagonally shaded fan-shaped regions
of wafer surface, each of which is defined by the direction range: 20 to
40; 140 to 160; 200 to 220; and 320 to 340 respectively, in terns of
cl ockwi se direction reIative to the reference direction (0) i ndi cated by an
[ center. " fer toward <100>

arrow in Fig. as beln Qﬁg%thﬁ

in crystal orié eﬁ?%ﬁpn Yigsdt h%ﬂ%&%ﬁ%&ﬁ? ?HngF FS&?%ﬁﬁkﬁQFby t he
cont act $ﬁTaheheafes eastbyegﬁnecatede n@ﬂddeﬁ?ﬁnaegyO@sa@édthesﬁuﬁan sgaged
regions are th S e the wafer n andl i n e_avoi de

[ 0028] 1 B Sk AP RG A RO Y ST HOSREF O AR RAPEP LA KT 4 he
waf er edge eegi bps rexdepte tbhe Mﬁmeeveglmsnmr@mdﬂ@ sm/ateremmang

(handlin shoul d _be AL t hat be| hel d, he e er ons of
t he mafe%%%uf?ageaﬁﬁlcﬁ%age ng? d?ga néf? fgghﬁgedts[ %%] ﬁ%eF%Eason why
t he S|I|mmﬁemabemﬁa&ehebqlbmsthhadegednegooaslyof The nadsonswmn§ ades whi ch

are not % l lvya h.ﬁd_‘LEd eS_LqI fl%t eottier acet 1Cokn d61VSE|t ast Itrhvgr qﬁ'ﬁ;k? Préfng from

any of cont scra o easi |y I he water ‘even an extrenely
smal | extcem”calct foreechssappteedetsethes \f/afﬂeas piosclitdieng Ths aoysactegi on) in

vaf et surdase diegians. sfipded d-agongh oo IheLLeason Wik e, alddcgn ver o

is held in"edge regio e nunber o contact 'scra
decr easedhdgl & evb@cskmlski bffethdh@ fcontiacheldovidtich $gppastipggesdreat ed in
cases wheye the wafer dsqhandled while a back side of the wafer is held

wthas%m%&uerMmr or’ a suction nenber.

Positions where the silicon wafer is held in edge regions
may be set anywhere as long as the positions exist in the edge
regions of the wafer surface which are not diagonally shaded
in Fig. 1, and the positions may appropriately be determined
according to circumstances in conveying or treating the wafer.
The silicon wafer may be held on the whole surface of a relevant
edge region. For example, in cases where the wafer is held
during the heat treatment in which the vertical bocat is used,
usually the wafer is held at three or four peints in relevant
edge regions in consideration of stability of the wafer as being
arranged in a horizontal position.

[0031]

There is no particular limitation to how to hold the wafer
inrelevant edge regions. Forexample, asdisclosedin Japanese
Patent Application Publication (Kokai) No. 2002-33378, the
method for holding the wafer edge by means of a tapered surface
provided above the supporting member may be used. A method
for clamping the neighborhood of the relevant wafer edge is
suitably used depending on circumstances in conveying or
treating the wafer.

[0032]

In the silicon wafer holding method described in (1l)as

above, preferably the silicon wafer having {110} plane as its

principal surface is held in at least two wafer edge regions



[ 0030] Positions where the silicon wafer is held in edge regions nmay be set
anywhere as long as the positions exist in the edge regions of the wafer
surface which are not diagonally shaded in Fig. 1, and the positions may
appropriately be determ ned according to circunstances in conveying or
treating the wafer. The silicon wafer nmay be held on the whol e surface of a
rel evant edge region. For exanple, in cases where the wafer is held during
t he heat treatnent in which the verti cal boat is used, wusually the wafer is

hel d at three four S..in ey e regions | N onsi ation of
stabilitfnlﬂn‘% Cﬁ‘sdtc?eﬁ Jgjr z}ﬁb‘?ed?1 gcatw?urzadrﬂem % d@r 7 [0031]
There i s 1M pant &QaParzBﬁmﬁ@m&m i @anabwsind bol Biosherm@ditlvelyelﬁvant edge
regions. For as di.s sed in,Japan Pat n

bubl | cat (AR AP ol s ctare s ERAARRRBR et S I PR e TR edge
by neans aaf balh@pérreni shrefcaaeteprcﬁﬁlrtdlﬁdsabamnt hefsuppowardg<ih®dbein may be
used. A for ing. the h o] f_the ev edge is
SU|tany%%‘} é%%%%gﬁggg%“cP 5ﬂﬁ£¢%%%€s |%d%f%rsurf£§% ?ﬂg%¥§% E?'ne

waf er . [(ﬂﬁégffepthepmdwanﬂ1ngﬂmeghnbdangommﬂthbﬂeactubedafuiﬂbeas

above, pref &/f&l 4o, Cgﬁﬁ&éfQQV|ng {110} plane as its principa
surface |sEhé1 eas ki er edge regions 9 anobng those each

defi ned by dlrectlon range 55 to 80; 1000 to 125; 235 to 260; and 280
to 305 respectipyel Yo as% %f wg%ﬁgkwss LT eGthop I%é@'&'ﬁ/ﬁot@dé%]gmrd

ref erence drrectron ronr € cen ér of the siTicon wafer
<100> i n regriytHl isr téntathenwaﬁepaxsamcei sttebtllye hed e b nsarferez ol ef or e,

he of ! oAt REPUAM LA be: 9oL 3L POu Bt 1 B8 PELYER. TS Turther i mproved
in the sillicon wa ]
[0034]

Fig. 2 is a view schematically showing more preferable
regions where the silicon wafer having {110} plane as its
principal surface is held. Referringto Fig. 2, there are shown
fan-shaped regions of wafer surface, each of which is defined
by the direction range: 55° to 80°; 100° to 125%; 235° to 260°;
and 280° to 305° respectively, in terms of clockwise direction
relative to the reference direction as being from the center
of the silicon wafer toward <100> in crystal orientation in
parallel to the wafer surface, being marked with grating
patterns.

[0035]

The areas marked with grating patterns are located
sufficiently away from the fan-shaped region of wafer surface,
as diagonally shaded in Fig. 1, where the fracture is easily
generated by the extremely small external force, thus the
fracture is hardly generated in such areas. Therefore, the
areas marked with grating patterns are the ones which are
considered to be more preferable edge regions in holding
{handling) the wafer.

[0036]

When the wafer is held in relevant edge regions of the
wafer surface, the wafer fracture to be caused by the contact
scratches can be assuredly prevented.

[0037]
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The reason why the wafer is held in "at |east two edge regions" is that the
wafer is not stably held in a horizontal position when held in one relevant
edge region. [0034] Fig. 2 is a view schematically showi ng nore preferable
regions where the silicon wafer having {110} plane as its principal surface
is held. Referring to Fig. 2, there are showmn fan-shaped regions of wafer
surface, each of which is defined by the direction range: 55 to 80; 100 to
125; 235 to 260; and 280 to 305 respectively, in terns of clockw se
direction rel% e to tﬂe reference direction as bein Lron1the center of

Y
the silicon Wafiﬁja Fahard" 218839 ROt FLPRP TRY &t S6ToA"YHCHSr 8P 1 ¥P"9 0 t he
waf er surd=neee pesigioaskedew dbageatimghepaidger regipf@36F The wadess nar ked
with gratin atterns are located sufficientl. way from.the fan-shaped
regi on 0@%@%%§efﬂﬁ% Fltgbg&@%@&ﬁéﬁ%§t§ﬁgﬁkd%i%l rgg'lv%vﬁﬁ?el?H%ofracture
i s easi | yamgeimariatred ihy thhe oext o ded yodmeld téxteshat ifroredevhhtseddee
fracture is .hardly gepnerated i-n such areas, .Therefore, .the reas, mar ked
W h g ai S R PURACor 8 EE Ge s R o 0 TRpLR A 1S o RE e
pr ef er ablkey edgesr edi ansaperdd|dimntacd randithreginethedwéber c1§0086¢ tien t he
wafer is | d i el evant, .e [ of_th [ rface, the wafer
fracture*ﬁ?ih?ékﬁ%%%‘%§ E%%qﬁ%% ad%ﬁagc?% cﬁ%sgﬁégogéaéssuredly prevent ed.
[ 0037] 10[0Thi8 maf er hol di ng positions may be set anywhere as long as the

Brati ng pat 1 or ie REEH6n YIRARR AL IR0 SOECREREN 1o | RS O
hol d t he Mafeemeichodefevameleéiye a reddiiorsn arderf barvéxgmplLeoO Ht heanetdsd for
hol di ng tfg%\%yfﬂbfﬂgﬁasurface, in which the silicon wafer is held in

wafer edge regions except for those regions each defined by

the direction range: 0° to 10°; 80° to 100°; 170° to 190°; 260°

to 280°; and 350° to 360° respectively, in terms of clockwise

direction relative to the reference direction as being from

the center of the silicon wafer toward <110> 1in crystal

orientation in parallel to the wafer surface.

[0039]

The reason why the holding method described in (2) as
above is aimed at the silicon wafer having {100} plane as its
principal surface is that in this wafer also, the fracture is
somewhat easily generated in a certaindirection, comparedwith
other directions in handling.

[0040]

Fig. 3 is a view schematically showing regions where the
silicon wafer having {100} plane as its principal surface is
held. Referring to Fig. 3, there are shown diagonally shaded
fan-shaped regions of wafer surface, each of which is defined
by the direction range: 0° to 10°; 80° to 100°; 170° to 190°;
260° to0280°; and 350° to 360° respectively, intermsof clockwise
direction relative to the reference direction (0°) as being
from the center “C” of the wafer 1 toward <110> in crystal
orientation in parallel to the wafer surface. The shaded areas
are where the fracture is easily generated, and the edge regions
of these areas are where the wafer holding (handling) should

be avoided.
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by neans of a tapered surface and the nethod for clanping the neighborhood
of the wafer edge can be enpl oyed. [0038] The silicon wafer hol di ng nethod
described in (2) as above is a nethod for holding a silicon wafer having
{100} plane as its principal surface, in which the silicon wafer is held in
waf er edge regi ons except for those regions each defined by the direction
range: O to 10; 80 to 100; 170 to 190; 260 to 2800; and 350 to 360
respectively, in terns of clockwise direction relative to the reference
directioqgﬁf eing from the center of the silicon wafer toward <110> in
crystal tation in parallel to the wafer surface. [0039] The reason why
t he hol di ng netmwodhdeseld iref meft hod) o A heabavenits oal, nelle alafidye isihéTon waf er

havi ng {100} plane as its rinci pal surface is that in this wafer also, the
fract ur o 116 srBE ThdfataEaE; P905 R Sl §4F P Gt ROGFT ECPH RS XOHFar od wi
ot her di rend wafisritro iy i(hgnd[l0040] sibald de avaidedy tscdtedsy, | stabhyd show ng
regi ons ere the _silicon wafer havi 100} pla as i.t.s . principal surface
o0 het o PRt iy T B I SORE h 8 o B Ve RS R AR B Shaped
regi ons afiawafrex]l surdtadrd each of which is defined by the direction range:
00 to 10; ég%gf) 100; 170 to 190; 260 to 280; and 350 to 360 respectively,
in terns ockwi se direction relative to the reference direction (0) as
bei ng from t h&hcen¢@sotl @hydfhe belwabrmwalf eroivmhe 1dlil0the mdogeyse@l ons

orientati I | el er_syrface. h r.e re where
t he fracf%?éhgéagggkl§u6%%%%gg%%$ﬁéﬁr #ﬁg'egaggggéﬁgﬁgggggdtﬁ%ggﬁagéas are
wher e t hevhwaf Ehehoh it ng g handl imgheshalied sief avoiWwiedh 1§ d00AdRalhyt he

ho'ding'Eﬁi&&hPﬁj&P%a&%%e@EiQBme&HStmgégi1§SfP§£9ured compared with
other wafer surface. The reason why the silicon wafer is held
in relevant edge regions is that the number of contact scratches
is decreased as few as possible. The contact scratch is easily
generated in cases where the wafer is handled while a back side
of thewafer isheldwith a supportingmember or a suction member.
(0043]

Positions where the silicon wafer is held in relevant
edge regions may be located anywhere as long as the positions
exists in the edge regions of the wafer surface which are not
diagonally shaded in Fig. 3. There is no particular limitation
tohowtoholdthewaferinrelevant edge regionsand, forexample,
the method for holding the wafer edge by means of a tapered
surface and the method for clamping the neighborhood of the
wafer edge can be employed.

[0044]

As described above, in the silicon wafer holding method
of the invention, the silicon wafer having {110} or {100} plane
as its principal surface is held in specific wafer edge regions
relative to the reference direction as being from the center
of thesiliconwafer toward<100>0r<110>incrystal orientation
inparallel tothewafersurface. Inhandlingthesiliconwafer,
the generation of the contact scratch caused by the contact
withthe end-effectingmember or supportingmember is suppressed
as few as possible, and the fracture to be caused by the

development of the crack from the contact scratches can be
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in specific wafer edge regi ons except for those regions where the wafer
hol di ng (handling) should be avoided, that is, should be held in edge
regions of the wafer surface which are not diagonally shaded. [0042] The
reason why the silicon wafer is held in the edge regions of the wafer
surface which are not diagonally shaded is that, when the wafer is held in
the wafer surface which is diagonally shaded, the wafer is sonewhat easily
fractured conpared with other wafer surface. The reason why the silicon
wafer is held .in releyant .edge regions is that the nunber of contact
scr at che®TSVEHES dasddt S W s i bIRAT FR @t At sdtatthl 1<PRasi | y
gener at edvafie rcasss el el @ hep Waera s si hangt edcwbal esarbaek.si de of the
waf er is wﬁéngth a supporting nenber or a suction menber. [0043]
Posi t i ond le the silicon wafer is held in rel evant edge regions may be
| ocat ed anywhemheasioladiggay iblbeoposhei bngsenexoft Sesoribededge(B3rpoamais of the
haded in Fig. 3. There is no

Egﬁf{cangﬂr%ﬁ¥?§%§5§Rﬁygphﬁﬁﬂ%%gﬁgg%l%%gOVafer in rel evant edge regions
and, for exanpllee stifiécoet hadekohohdidgngiyheesattbeadge bY) arasisowé a
edge. can 55 chBr 8004, ) { Bo4H] AL becriBadApBUee T AT RBTs! 11 b W er
hol di ng ret hae pofinthpailnvenfaos,is ekl liincen feaf edghave ggog 4 icept 11001
el at i ve T THEForPanEs GPFocHron s BYi HET bt ehboReht B2 30 *PHe et 11 con
waf er tovdrd £200>torl 60PL020DA oo pildl; andeit@l ton340h peepedteivelyt he waf er
oratch cilseatly B EaBeR et i o PP RO e R G R0 ¢ ng
menber i slimgypriaysad basnfeires thessebker afdheheiflisotuvefes tbewaadised by
the developyenh of, L0 YRGB 18 SOPLREL1 SO hehESrEa s Perace.

[G046]

The silicon wafer holding jig described in (4) as above
is a holding jig, in which a silicon wafer having {100} plane
as its principal surface is held in wafer edge regions except
for those regions each defined by the direction range: 0° to
10°; 80° to 100°; 170° to 190°; 260° to 280°; and 350° to 360°
respectively, in terms of clockwise direction relative to the
reference direction as being from the center of the silicon
wafer toward <110> in crystal orientation in parallel to the
wafer surface.

[0047]

The holding jigs can be used when the silicon wafer is
handled while kept in a horizontal position in the processes
such as a siliconwafer conveying step, a heat treatment process
in which a vertical boat is used, an RTA process, a single-feed
tyﬁeepitaxialgrowthprocess,andanSOIheattreatmentprocess.

[0048]

The reason why the holding jig described in (3) as above
isaimed at thesiliconwafer having {110} plane as its principal
surface is that, depending on the wafer holding positions, any
contact scratch is easily introduced even if an extremely small
external force is applied to the wafer in handling the wafer,

and the crack develops starting from such a contact scratch
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12 prevented in the silicon wafer, particularly in the silicon wafer having
{110) plane as its principal surface. [0045] The holding jigs of the

i nvention described in (3) and (4) as above will be recited bel ow. The
silicon wafer holding jig described in (3)as above is a holding jig, in
which a silicon wafer having {110} plane as its principal surface is held
in waf er edge regions except for those regions each defined by the
direction range: 20 to 40; 140 to 160; 200 to 220; and 320 to 340
respectively, in ternms of clockwi se direction relative to the reference
directio 2s behgggfr%: t he qgntepfof t he lei on wafer toward .<100> in
crystal orl &itariYon G ﬁ‘grealq &1 1% The - ra1(§/e'. 11} dﬁ?ﬁs fﬁée%?l i con
waf er holtdiengajfieg dessubbhedted {d)a dsi gibovempe satauheltthaty §ragtmentwhi ch a
silicon fer Vi, l.ane It rincipal surfa s _hel d in wafer
cdge 1 ogaRoVaRBbH Trar PRadaNs B T LR Ras b BRE iR r ot Tt ange:
0 to 10;th80mad HiGheskrOid ll9D;aeli¢ed 280thandaB&0.to 360 respectively,
in termnms ﬁgotg ockwi se direction relative to the reference direction as

bei ng fronlﬁhé center of the silicon wafer toward <110> in crystal
orientation inTyar akhebntohy Hdie Waflehingup fgctes¢ 00493 iThd 4hokdialgpyeé gs can
be used ‘Méegjthgﬁa%'éﬁ&%m\i’%%%f%éﬁer Hﬁ@rﬂ}n@d{ Y \A}agl‘é%%taé 0@ %&%ﬁf'
positionin e processes such as a sili’con e€r conveying step, a heat
tr eat nentsuirfeeiss s s ithathiigh they evafiegala lssat tihse o twre RFA goodsat, a

i ngl e-f : i : t
o ocess. CAOTERRYAR 3h o UL PhOCERSC: 208, Wolbh pOR L SRABE ove

i s ai med ddtradid ogigd. con wafer having { 110) plane as its principal surface
is that, dgpending on the wafer holding positions, any

The reason why the silicon wafer is held in specific edge
regions except for those regions (regions of the wafer surface
as diagonally shaded in Fig. 1) in the holding jig described
in (3) as above is that the wafer is easily fractured starting
fromcontact scratches in the wafer surface as diagonally shaded
(see Fig. 1} and the number of contact scratches can be decreased
as fewas possible by holding the wafer in specific edge regions.
The contact scratch is easily generated in cases where the wafer
is handled while the back side of the wafer is held with a
supporting member or the like.

[0051]

The reason why the silicon wafer is held in specific edge
regions except for those regions (regions of the wafer surface
as diagonally shaded in Fig. 3) in the holding jig described
in (4) as above is that, when the wafer is held in regions of
the wafer surface as diagonally shaded (see Fig. 3), the wafer
is somewhat easily fractured compared with cases when held in
regions other than those, and the number of contact scratches
to be easily generated in handing the wafer can be decreased
as fewas possible by holding the wafer in specific edge regions.
f0052]

In the holding jig of the invention, positions where the
silicon wafer is held may be located anywhere as long as the
positions exist in edge regions of the wafer surface which are

not diagonally shaded, and the positions may appropriately be
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contact scratch is easily introduced even if an extrenely small external
force is applied to the wafer in handling the wafer, and the crack devel ops
starting fromsuch a contact scratch 13 to easily fracture the wafer
Particularly, in cases where the wafer is subjected to a high-tenperature
heat treatnment, the wafer is fractured nore easily fromcontact scratches
since thermal stress is also applied to the wafer. [0049] The reason why
the holding jig described in (4) as above is ained at the silicon wafer

havi ng 11001 pl.ane , as its prjncipal surface is.that in the waier also, the
fractureqestes‘%ffé\ﬂﬁjatln ERTPLFe TR & eaSEéf’fLétilﬁydPﬁeE??o‘ﬁ?f%’énia%r ed with
ot herf dib'ﬁ_cﬁg Hept [iGOSiJ]hoTﬁez%sre@@prrFMytidme. SifHes o Mind & fdr&fhélﬁhﬁl?jzn

speci fic . edge, regiqQns except r thosg regi.ons (regions,of t waf er
SOrface. B RG1doERATS VERIGREUF AopPE b SHaE It RORt RE0POS docticted i n
(3) as ahoeveoimartthaduldre lwatieatisnedshow to aetld edesizfdd g rdYovmmont act
scratches_jn the.wafer surface as diaggnally.shaded. (see Fig. 1).and the
unber  oRAEt A5t She dndnde toaraneaecria sy nodet e AR b e Mol di ng
t he waf eredge dyenebne efigetnpgrredssur fheecand adie setabvdhfos ebsnpngener at ed
in cases ere it fer., i andl ed while the back,sjde of the wafer is

el d i AR detb e Thet | TREe 1ea L TR Ve RS0l ShY ¢ he
silicon Wadft3Jis held in specific edge regions except for those regions
(regions of th I..surfac [ al J h i,n Fi ' he

hol ding j iy decdr %&ﬁﬁﬁoﬁ‘f""fa%?%g%@gggsﬁt %%?ggﬁgﬁdﬁh“e(% Babdedi®y 1
regi ons gfrefidmalviaf ehesurlfiasm wsfdidgoriald {1 $haddadneses iEisger ) cipdk waf er
is sonemhg} il t r i | d_j i ons ot her
t han those,r andé tl%egéggrbfeﬁ eao ggg%?ag‘?ogéér%%ﬁee{? \[Q/(%%geo gagrlnbggg{ekﬁ%ér%t ed in
handi ng ttegimfercacdnded idedr baiselle direction range: 55° to 80°; 100°

to 125°; 235° to 260°; and 280° to 305° respectively, in terms

of clockwise direction relative to the reference direction as
being fromthe centerof thesiliconwafer toward<100>incrystal
orientation in parallel to the wafer surface. Therefore, the
effect on preventing the generation of the fracture is further
improved in the silicon wafer.

[0054]

The reason why the wafer is held in “at least two edge
regions” is that holding the wafer at one edge region cannot
assure the wafer to be stably held in a horizontal direction.
[0055]

As described above with reference to Fig. 2, specific
edge regicnsare locatedsufficientlyawayfromthewafer surface
areas as diagonally shaded in Fig. 1 where the fracture iseasily
generated, and the fracture to be caused by contact scratches
is hardly generated in such specific edge regions of fan-shaped
areas. Therefore, when the wafer is held in such regions, the
number of contact scratches to be caused by the contact between
the wafer and the supporting member or end-effecting member
can be decreased as few as possible.

[0056]

Fig. 4 isaviewschematically showing how the wafer having

{110} plane as its principal surface is held using a four-point

support type holding jig as the holding jig according to an
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as few as possible by holding the wafer in specific edge regions. [0052] In
the holding jig of the invention, positions where the silicon wafer is held
may be | ocated anywhere as long as the positions exist in edge regions of
the wafer surface which are not diagonally shaded, and the positions nmay
appropriately be 14 determned in consideration of the stability of the
wafer as being kept in a horizontal position. The silicon wafer may be
hel d on the whol e surfaces of specific edge regions. There 1is no particular
limtation to howto hold the wafer in relevant edge regions and, for
exanpl e, FHEHARTEd Forthol P TR waf er edge by means of a tapered
surface and thanmethed émbo&laant ng tﬁé]eh@qiogmgori?@gd ohclhgewaf gsuedge can
sui tably be used. %0053% ;? tgg silicon wafer holdi '

5511 cOf

di jig descrjbed in (3)
as above,S URFRH SLRFTER TRERRE 09 AETOEFG) 2 raree R MR LG | nci pal
3u1[facg Lsi) bﬁl ’dc&iﬁb]ai dheawh fewoi wai£f c edgRyd egigdr% sasrBgpthese thege ogs each

efine t.he direction range:, 55 to 80; 100 ¢ 25;. 235 to,_260;. and 280
Lo 305 r SESHAVEPETS) hhe dHHEL 19 STOHAN BB BT9E0eFortHah atrvEOTE e

ref erencerdierget regiaas deittge Waigheuedricer wafichhersihd€ani apdresl Tpwar d
<100> in grystal, rientati in parallel tao t.he wafer surface. Therefore,
The et f SR SPebAci bt e GBRLTRRI BREST } e KFRE: 0Pet RS LAThIRS

i npr oved pgas itthersidy adre vaigsor §{ DS Afenlber s eason why the wafer is held in
"at Ieast(ﬁﬂpgedge regions" is that holding the wafer at one edge region

cannot assur€ the wafer to be stably held in a horizontal direction.
[ 0055] As descilinbédhealidvie smnat adefesraandles t d-Hé gaudhosipieny fmembexddeas egi ons

e T L e I e
t o be camsedbkycenhiguredcsatachés clamp the neighborhood of the edge.
[0058]

As described above, the use of the silicon wafer holding
jig of the invention can easily make the silicon wafer holding
method of the invention applicable.

EXAMPLE
[0059]

The handling was performed to a 300-mm-diameter silicon
wafer having {110} plane as 1its principal surface and a
300-mm-diameter silicon wafer having {100} plane as its
principal surface (hereinafter referred to as (110) wafer and
(100) wafer, respectively) while the wafer grasping positions
were changed. Then, wafer strength was measured to evaluate
likelihood of generating the fracture depending on the wafer
grasping positions.

[0060]

As to the wafer handling, using a mechanism (apparatus)
in which handling is carried out by holding the 300-mm-diameter
wafer at two positions on side end face thereof (outermost
circumference surface of the wafer), operations of grasping
and releasing the wafer at two positions, in a symmetrical
relation each other with respect to the center of the wafer,
on side end face was repeated ten times for each wafer. Then,
a three-point bending test was performed to measure a wafer

fracture lecad.
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is hardly generated in such specific edge regions of fan-shaped areas.
Therefore, when the wafer is held in such regions, the nunber of contact
scratches to be caused by the contact between the wafer and the supporting
menber or end-effecting nenber can be decreased as few as possible. [0056]
Fig. 4 is a view schematically show ng how the wafer having (1101 plane as
its principal surface is held using a four-point support type holding jig
as the holding jig according to an 15 enbodi nent of the invention. In the
enbodi nent, the holding jig includes four supporting nenbers 2. The
supportiﬁ&oﬁgﬁbers 2 are set in place so as to hold the wafer in wafer edge

regi onshergep_t ’I‘b@éLet hOSBpreﬁé?ﬁﬁﬁ%@hF i:égumasdfbagus@ouipbbeﬂﬁd@i,ded, | It hat
is, to ha i n.edge regions of the wafer.surfac [ re pot diagonally
shaded 1 978 3oB1E0E Sl BoR G raitl e P R e SE e GBS oRRERE - polFrton by
t he supp@ablrg neghdars, Z2adWE7 hume rtike 1i Khlsiksat edt e aampd £a gé hea Suppor ti ng
menber ha a tapered upper surface. Alternatively, the supporting nenber
may be c&t iﬁﬁﬂw§%§ﬁf%& to clanp the neighborhood of the edge. [0058] As
descri bed taténie, the use of the silicon wafer holding jig of the invention

appl i oabl 5. EXATPLEP1F00501o5 The. FartIT NG \ide. e For AR FD S SOGTRR di amet er
silicon vaf ehikayitig WhiGr sphwene dselid sirprilieciquije sterdiames astee the
200 mm b e YL o g, CARD MLRE o o o eLgpl g ace
whi | e t hevhdafrerthyy aspfags pesirei tued d vier eeddmangediociibede fuaker kst rigmgt h was
neasuredj&ngﬁngﬁt%nd Nos. 9 to 12 and Nos.14 to 16 are the cases in

which the wafers were held in more preferable edge regions of

Fig. 2.

[0063]

In Table 2, Nos. 1 to 3, Nos. 7 teo 11, and Nos.1l4 and

15 are the cases inwhich the wafers were held in the edge regions

where the handling should be avoided. Other numbers are the

cases in which the wafers were held in edge regions defined

by the invention.

The mark “0” in the column of “remarks” indicates the

cases in which the wafer was held in the edge regions defined

by the invention, the mark “@” indicates the cases in which

the wafer was held in more preferable edge regions, and the

mark “x” indicates the cases in which the wafer was held in

edge regions where the handling should be avoided.

[0064]

[Table 1]

17



| i kel i hood of generating the fracture depending on the wafer grasping
positions. [0060] As to the wafer handling, using a nechani sm (apparatus)

in which handling is carried out by holding the 300-mdi aneter wafer at
two positions on side end face thereof (outernpost circunference surface of
the wafer), operations of grasping and releasing the wafer at two
positions, in a symmetrical relation each other with respect to the center
of the wafer, on side end face was repeated ten tines for each wafer. Then,
a three-point bending test was perfornmed to neasure a wafer fracture |oad.

16 [0061] Table 1 shows measur ement® lts for the (110) wafer. and Table
nuner i odl val uds 15 the® vsraoebar nevel Wan ek Toos2] in Tabis 1
Nos. 3 to 6 and Nos. 19 to &9 iaseptiwripadesurfiazewhi ch the wafers wer¢ held
the casds T vt CRERGouarEr S are! dla TRACIG8 Pl odhg el I TEHDY the -
inventign, and Nogrel@tice 12 andeMNaseld tavdfagy ealhe arages |n  whichlthe
2?fﬁég.m§rfnhg!nggﬁqgéggﬁ%f??é@gle egge reglgpseof Fi g. 2“ [0063] !ghT?ELe
wafers werelhelld in the pggdgesg egi ons where tBgghgndl i ng shpul d e ayoi ded.
O her nynmbers are the cases_In which |[the wafers were nel d [N edge T egions
defined |_by?thel i nventi ba: FHe mark "q" in thé4@oPdfn of "renmarks" indicates
the cages gn which theZ@@fgbomas held in theyggdggofegi on sjdefined

4q 25, 205 285.620 X

5 35, 215 256.523 x

6 40, 220 271.563 x

7 45, 225 324.857 o

8 50, 230 389.647 o)

9 55, 235 427.534 ©

10 60, 240 425,963 ©

11 70, 250 430.649 ©

12 80, 260 422.356 ©

13 85, 265 356.390 o

14 100, 280 419.563 ©

15 110, 290 427.974 ©

16 125, 305 432.967 ©

17 130, 310 346.746 o)

18 135, 315 356.375 0

19 140, 320 2B84.682 x

20 145, 325 263.917 x

21 155, 335 252.768 x

22 160, 340 291.739 x

23 165, 345 322.373 o

[0065]
[Table 2]
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by the invention, the mark "(c)" indicates the cases in which the wafer was
held in nore preferable edge regions, and the mark "x" indicates the cases
in which the wafer was held in edge regions where the handling should be
avoi ded. [0064] [Table 1] 17 Table 1 Silicon wafer having {110} plane as
its principal surface No. Handling position () Fracture load (N) Remarks
(relative to reference (average value of ten direction <100>) wafers) 1 O,
180 338.623 0 2 15, 195 344.520 0 3 20, 200 290.421 x 4 25, 205 285.620 x
5 35, 215 256.523 x 6 40, 220 271ﬁ§§i 7 45, 225 324.857 0 8 50, 230
389.647 o 9 55 _ 235 427.534 0 ©40 425963 11 70, 250 430.649 12

80, 260 [422.356] 13 85, Zbb 3265w320. Qavid QQ%QéZSQaQQQ 563 12 110, 29&
427.974 |16 125, 305 432.967 0 17 130, 3 46 0 18 132, 315 359.375 0
19 140, 1320 284|682 x__20a§45:s ®Z5HQ38119§¢rf(aC92Pf155, 335 2b2. 768 X

No. Handling position (%) Fracture load (N) Remarks

(relative to reference (average value of ten
direction <110>) wafers)

1 0, 180 321.840 x

2 5, 185 351.968 x

3 10, 190 365.453 X

4 15, 195 443.940 o

5 20, 200 428.593 o}

6 75, 255 439.637 o

7 80, 260 336.846 x

8 85, 265 325.832 x

9 90, 270 327.637 x

10 95, 275 371.589 x

11 100, 280 356.053 x

12 105, 285 446.205 o

13 165, 345 425.835 o

14 170, 350 314,352 X

15 175, 355 335.084 x

[0066]

As shown in Table 1, the fracture load was egqual to or
larger than 322.373 N in cases where the (110) wafer was held
in edge regions defined by the invention {(mark “o”), and
particularlythe fractureloadwasequal toorlargerthan419.563
N in cases where the (110) wafer was held in more preferable
edge regions (mark *©@”). On the other hand, the fracture load
was equal to or smaller than 291.739 N (252.768 N to 291.739
N} in cases where the (110) wafer was held in edge regions where
the handling should be avoided (mark “x”). Thus, when the (110)
wafer was held in edge regions where the handling should be

avoided, the wafer fracture strength becomes low compared with
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22 160, 340 291.739 x 23 165, 345 322.373 0 [0065] [Table 2] 18 Table 2
Silicon wafer having {100} plane as its principal surface of No. Handling
position () Fracture load (N) Remarks (relative to reference (average val ue
of ten direction <110>) wafers) 1 0, 180 321.840 x 2 5, 185 351.968 x 3
10, 190 365.453 x 4 15, 195 443.940 0 5 20, 200 428.593 0 6 75, 255
439.637 0 7 80, 260 336.846 x 8 85, 265 325.832 x 9 90, 270 327.637 x 10
95, 275 371.589 x 11 100, 280 356.053 x 12 105, 285 446.205 0 13 165, 345

425. 835 14 170, 350 314. 35 15 175, 355 335.084 x . [006 As shown in
Tabl e 1, YHe“?7actut ‘?IbEBe\AHé@qﬁ%gefé’a&hef‘éﬂﬁeﬁ‘?‘i%ﬁﬁ% Bs N cases

where t héy tH) iwafeart Mms. hel d in edge regions defined by the invention
(mark "o") d particularly the fracture | oad was equal to or larger than
419. 563 [QQ¢?kases where the (110) wafer was held in nore preferable edge
regi ons (mark 'Asckhpwn ©On Thelet Berthanflratherér hchdreas oaguawaiso espial to or
smal | er tl%%:%e%g%hé%gélyS(. %%% 13618n l\clza;[soesz%v 'e7r3e9the (100) wafer was held

in edge regions defined by the invention {(mark “o”). On the

other hand, the fracture loadwas equal tocr smallerthan371.589

N (314.352 N to 371.589 N) in cases where the (100} wafer was

held in edge regions where the handling should be avoided (mark

“x”), thus the wafer fracture strength was also low.

[0068]

This is attributed to the following fact that the flaws
are introduced into the wafer side end face by repeating the
handling there, and the crackeasilydevelops inwards fromflaws
in a specific plane orientation when the load is applied in
the three-point bending test, thereby fracturing the wafer with
a low load.

[0069]

Thus, the brittle fracture of the silicon single crystal
is preferentially generated in a specific orientation.
Accordingly, in handling the (110) wafer and the (100) wafer,
the wafer is handled so as to avoid the plane crientation in
which the cleavage fracture is preferentially generated,
thereby allowing the cleavage of the wafer to be prevented.
INDUSTRIAL APPLICABILITY
[0070]

The silicon wafer holding method of the invention is a

method for holding the silicon wafer while the silicon wafer
holding positions are properly defined in wafer edge regions.
In handling the silicon wafer, the generation of the contact
scratches is suppressed as little as possible, and the fracture
whichiscausedbydevelopment of thecrack fromcontact scratches,
which are easily generated, can be prevented in the silicon
wafer, particularly in the silicon wafer having {110} plane
as its principal surface.

The silicon wafer holding method can easily be applied
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N) in cases where the (110) wafer was held in edge regions where the
handl i ng shoul dbe avoi ded (mark "x") . Thus, when the (110) wafer was held
in edge regions where the handling should be avoided, the wafer fracture
strength becones | ow conpared with 19 the case in which the (110) wafer was
held in edge regions defined by the invention. [0067] As shown in Table 2,
the fracture |l oad was equal to or |arger than 425.835 N in cases where the
(100) wafer was held in edge regions defined by the invention (mark "o").

On the other hand, the fracture | oad was equal to_or smal]ler than 371. 589

N (314. 355 1N% ot891. 8BHIREN| PakRes MHEHNT hd 10108 welter AREENHEPY: i n edge

regions \chﬁ:dlhﬁ;lha,ndhbngl$m@uhdﬂ£ﬁeﬁm1dﬁdqgf MRthod ¥ni, hbD@lﬁn@hj’-‘lc_Waf er
fracture s ngt.h mas al so | ow.. 06%%1Th| is, attribute o the foll ow ng
fact thath FES FAWENGERR SR e SEhfet tsf}edé’ FEER 1y

repeati ngHeheilhaodl vaget hereingnd 1theoer prko pasidne devet opsrimyasals from
flaws in a EpeC|fic pl ane orientation when the load is applied in the

t hr ee- poit ing test, thereby fracturing the wafer with a |ow | oad.
[0069] Thus, the brittle fracture of the silicon single crystal is
preferentially generated in a specific orientation. Accordingly, in
handling the (110) wafer and the (100) wafer, the wafer is handled so as to
avoid the plane orientation in which the cleavage fracture is
preferentially generated, thereby allow ng the cleavage of the wafer to be
prevented. | NDUSTRI AL APPLI CABI LI TY [0070] The silicon wafer hol ding nethod
of the inventionis a nethod for holding the silicon wafer while the
silicon wafer holding positions are properly defined in wafer edge regions.
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In handling the silicon wafer, the generation of the contact scratches is

suppressed as little as possible, and the fracture which is caused by

devel opnment of the crack from contact scratches, which are easily

generated, can be prevented in the silicon wafer, particularly in the

silicon wafer having {110} plane as its principal surface. The silicon

waf er hol ding nmethod can easily be applied 20 using the silicon wafer

hol ding jig of the invention. Accordingly, the silicon wafer hol ding nethod

and holding jig of the invention can wi dely be applied to the production of

the silicon wafer having { 110 } or %635} pl ane as its principal surface.

21 CLAIM3. 1. A nethod for holding = ssiliiceenwadker hhavhgg{{100}ppheae as

its principal_surf.ace, characterized in that.,the silicon wafer . is held in
G e g

waf er ed g1 S SRRt FHr A% MR st 1 25t e ded By $Het PP ect i on
range: 2WafeA4ds h4Qd anle8@er 2008et 0eg@20hsavdc830 for3dosespegionvel y, in

from theaahtarioret he CIt PogT it TPBRE d221005 ¢ oryarar® BiYantati on
in paral 1210% oo 2Re °wedred 320P frac®4 0 2re$pecnetkag, fior thphdiofgc Boskdvisen waf er
2001 Ol 1 LA ALY SUZSA AN LNEL S ot Laon Yoty e 0 1 o
directipnﬂﬁanggntéﬁ to 800 bﬁaixmnﬂ25af@85tb@a260;<h®@> 280 ¢oyS30OH1
i rect i o e B e S ord SFErReleR) sREE%hEr e, Coward <100 i
crystal &t ent dtheomethodparmahbdéding & lse lvafoer waief agmzo3iing et dhbalitor
oL SR Mo Lo FR LUOR) s, i e gl ssurdace,
except fdﬂ«lw@§@rreggen@egions among those regions each defined by the
direction range: 55° to 80°; 100° to 125°; 235° to 260°; and
280° to 305° respectively, in terms of clockwise direction
relative to the reference direction as being from the center
of the silicon wafer toward <100> in crystal orientation in
parallel to the wafer surface.
3. A method for holding a silicon wafer having {100} plane
as its principal surface, characterized in that the silicon
wafer is held in wafer edge regions except for those regions
each defined by the direction range: 0° to 10°; 80° to 100°;
170° to 190°; 260° to 280°; and 350° to 360° respectively, in
terms of clockwisedirectionrelativetothereferencedirection
as being from the center of the silicon wafer toward <110> in
crystal orientation in parallel to the wafer surface.
4. A silicon wafer holding jig, characterized in that a
silicon wafer having {110} plane as its principal surface is
held in wafer edge regions except for those regions each defined
by the direction range: 20° to 40°; 140° to 160°; 200° to 220°;
and 320° to 340° respectively, in terms of clockwise direction
relative to the reference direction as being from the center
of the silicon wafer toward <100> in crystal orientation in
parallel to the wafer surface.
5. The silicon wafer holding jig according to claim 4,
characterized in that the silicon wafer is held in at least

two wafer edge regions among those regions each defined by the
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each defined by the direction range: 0 to 10; 80 to 100; 170 to 190; 260 to
280; and 350 to 360 respectively, in terns of clockw se direction relative
to the reference direction as being fromthe center of the silicon wafer
toward <110> in crystal orientation in parallel to the wafer surface. 4. A
silicon wafer holding jig, characterized in that a silicon wafer having
{110} plane as its principal surface is held in wafer edge regions except
for those regions each defined by the direction range: 20 to 40; 140 to

160; 200 t.o 220; and 320 .tq 340 respectively, Lp.t of ckw s
directiofft %ébeéapﬁethSre r8fcé gﬁbec Po%zés'bgéﬁg ¥9 @he‘%@ﬁter of
th$ si|iQ?mQMﬂdHBG%?%ﬁé%pé@@?vé?ypr%ﬁ}abrmsi@Etaﬂkﬁmﬂﬂse[ﬁﬁﬁﬁdﬁdomo t he
waf er surface.. 5. . The silicon wafer . holdi.ng jig_according to claim4,

char act eriet I7F (Rat "En&eEPPPBGR Uaf 8P I8 naPdoFiid: Tallste (561 at e edge
regi ons amnde ddd gergivarte reactvedef iqidDbyid hery22 disgeicdntont t@mgen 55 to
80; 100 tg 1%_ and. 280 to 305 respectively, in terns of

) 3} 2%%)tqg260' nd, .
cIockmﬁsé’ﬁ%‘cﬁ%o tf?zﬂq@% t3EhEFef erence direction as bei ng fromthe
center df. theAsidiildamwmwafasfrert dveelrdi gl Odg ) nclodystaér bDeeeéniat tbati a

paral l el t.0.the wafer surf.ace. A_silicon fer _holding jli characteri zed
PR That & it i DA R0 a0 ronTaprane LB TE IR hER e Pt T AL S
hel d i n wedflet i edge aregdoas eaxice ekoept Hosethegeorsy savhedehideitindy t he
di rect | on, 1 qnger; QLo 10 80.Le 400: 1 10,90, 1860, 1 97280: o ang 350 to 360
respectively, internms of C gekw se iTection relative to the Teference
directi o2&y’ bei2B@ °fraomd 3508 toetd &t refpehtiveliyecdm wafms ofowarckwidd®> i n

crystal  grieniall o idt KA ald fnd G IAG MES SUIACS: £3 being from

the center of the silicon wafer toward <110> in crystal

orientation in parallel to the wafer surface.
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