- 1 - DESCRIPTION SILICA GLASS JI G USED | N PROCESS FOR MANUFACTURI NG

SEM CONDUCTOR AND METHOD OF MANUFACTURI NG SI LI CA GLASS JIG Technical Field
The present invention relates to a silica glass jig used in a process for
manuf acturing a sem conductor, and nocej specifically, to a silica glass
jig that has fine irregularities on a surface and exhibits little change in
a surface state against slight surface |ayer etching, andhto ba nethog of
manuf acturing the sanme. Background Art A silica glass jig has been used in
vari ous procgsses such as a diffuSFShRIFELESs, a vapor phase growth
process, an etching and ashing processes in manufacturing a sem conductor
device. A surface of the silica glass jig is subjected to treatnents such

as sandbl ast a rangH i L.Ni with
irregulariti es@%&idé&u%%%%‘gﬁ% g%n%é %3\[ %%ﬁ%ﬂﬁ@%%ﬁﬁ% ng that
is called bakercditgch (%@q&t iSh. ese
finishes are ap%é%ﬂgg?g?g%ﬁgeqﬁﬁ% eper@%ﬁo%ggﬁﬁﬁ%ég%sﬂﬁ&ahe
jigs frequently used are those having a surface that is finished as a

transparent surface that is easy in cleaning and is hardly get spoiled. In
a diffusi oretatessl anfeBdvapor phase grow h process, particularly in the

vapor phase growh 2 process, for exanple, a polysilicon filmis deposited
on a The present invention relates to a silica glass jig used
in a process for manufacturing a semiconduétor, and more
specifically, to a silica glass jig that has fine
irregularities on a surface and exhibits little change in a

surface state against slight surface layer etching, and to

a method of manufacturing the same.

Background Art

A silica glass jig has been used in various processes
such as a diffusion process, a vapor phase growth process,
an etching and ashing processes in manufacturing a
semiconductor device. A surface of the silica glass jig is
subjectedtotreatmentssuchassandblastandgrindingworking
to form an opaque finish with irregularities, or subjected
to mirror polishing or flame polishing that is called bake
finishing to form a smooth and transparent finish. These
finishes are appropriately selected dependingonapplications,
and the jigs frequently used are those having a surface that
is finished as a transparent surface that is easy in cleaning
and is hardly get spoiled. 1Ina diffusion process and a vapor

phase growth process, particularly in the vapor phase growth




sem conductor device by CVD (Chem cal Vapor Deposition) or the like.
During the deposition, a polysilicon filmis deposited as a by-product on

a silicaglass jig wiLh a transparent finish as well. The polysilicon
fil mmaybepeel ed off the silica glass jig to formparticles to contam nate
a sem conductor device. Therefore, it iS necessary to periodically renove

a by-product. A solution containing hydrofluoric acid and nitric acid is
typically used for renoving the by-product. However, the snooth surface of
the |jig isA&EEsR.cHar stxanelearre gdlyss idsi ddre fridmva defpdshsedywnproduct ,
thereby form nga rough surface. This is a problem in that a surface state
such as a sHFEHCECHRE L daEiredy GWHe (Ehemicadf VagposiDeposidfica) or
by-product is suddenly changed; the consunption of a vapor phase reaction
gas to be C(’fﬁ‘seu e s DefaRde FheatPRafd tdsitr & RsFl el kgmuntibh t®owt h of

a polysilicgn fil mggn a sem conductor device becones difficult.
Al ternat i velFPIT 48k Aeéh T%‘f}%‘#l‘é%tt%nf%r%ﬂ% glgpegltdrvitls<on a

sur face of "i sandbl ast ~wor ki n d revent generation of part.icles
by positi veﬁ:)}J a@%&%eu“%gganlﬁi}?ﬁr‘% ‘? ﬁﬁet Xsfﬁe]gﬂg%gﬁ{“é@.ﬂ?—%%g%??i in
this case, fj r S i L] |l ass are.scattered during use from
damaged paPtst}eé:E%hggggggp géggsi}a&%%s Cl‘r(?n P& o it Sgng@ﬁ‘gnf%lenﬁd

during processiiRenefudidie der‘;diecgau_l arrihteir%%,orgenqrta%iesgg}ehc%air%%hq;O t hat

contami nate a sem conduct or devi ce. Nboréover, ness of a

by- product periperieasad, AmRAkAge Mg rddudie A Hoananch dodder By

expansi on between silica glass 3
hydrofluoric acid and nitric acid is typically used for
removing the by-product. However, the smooth surface of the
Jjig is also etched at the same time as the removal of the
by-product, thereby forminga rough surface. Thisisaproblem
in that a surface state such as a surface area is changed:;
the amount of deposition of a by-product is suddenly changed;
the consumption of a vapor phase reaction gas to be consumed
is changed; and the control of the amount of growth of a
pblysilicon filmon a semiconductor device becomes difficult.
Alternatively, it has been attempted to form fine
irregularities on a surface of a jig by sandblast working and
prevent generation of particles by positively capturing a
by-product in the irregularities. However, in this case, fine
fragments of silicaglass are scatteredduring use fromdamaged
parts such as a processed plastic layer or microcracks formed
during processing of fine irregularities, generating
particlesthat contaminate a semiconductordevice. Moreover,

when the thickness of a by-product is increased, breakage due

to the difference of thermal expansion between silica glass




and polysilicon may occur. In order to prevent the breakage, cleaning by
gas etching or wet etching has been conducted before wusing a jig. However,
it is necessary to periodically renmove a by-product in the manner simlar
to the case of a jig having a transparent surface, and this may cause a
probl em of sinultaneously etching the~sdrface with fine irregularities,
changing a surface state. Above-described problens are observed on a

sem conductor device not only in a diffusion process and a vapor phase
growth process paltysdllsednman etel Ng T 62888 o pFBabntSthd@lby@ dKkhged
process in which etching or ashing is conducted utilizing plasm é%ile
flowi ng a trebtareinghagaseetyh pngducie thayclepg bials bah aofdhiceadPeacsd i 9
and is peeled off to generate particles. 1In such a case, simlar to CVD or
the |ike, itusiasglBedhgat thrysesr, tic fsmaddssany teqe miodiesl by renswef ace
by sandbl ast or grinding working to positively capture a by-product to
prevent the? §an@redusih bh the Masnes. sHohbyerto thescase @haohl@maving hat

fine fragnments of silica glass are scattered by plasnma during use from

damaged part% SURICRAT e hreesaedr pradt FRif ey cewshi ar pEpReRE P med

during processi of irreqgularities, enerating particles that contam nate
a sem condu&ﬂu%n%%qSlggFF' &&gaﬁlis%r,ﬁad}eyw%gmﬁ% 1xreguiacd tdesa
silica glass,jg..has been also etched in the manner very simlar to a

t r eat ment vﬁr{'sk%alrlj@cﬁ GYEE 3T FA=S tont ai ni ng sol ution. This is a problem

T Ae 2 S achskal nous L EE AL STA0NEH, AR LR SRR L the
device not only in a diffusion process and a vapor phase growth
process but also in an etching treatment. That is, also in
a process in which etching or ashing is conducted utilizing
plasma while flowing a treatment gas, a by-product may deposit
on a silica glass jig and is peeled off to generate particles.
In such acase, similar toCVDor the like, it has been attempted
to feorm fine irregularities on a surface by sandblast or
grindingworking to positively capture a by-product to prevent
the generation of particles. However, this is a problem in
that fine fragments of silica glass are scattered by plasna
during use from damaged parts such as a processed plastic layer
or microcracks formed during processing of irregularities,
generatingparticles that contaminate a semiconductor device.
Particularly, in dry etching, a surface of a silica glass jig
has been also etched in the manner very similar to a treatment
with a hydrogen fluoride-containing solution. This is a
problem in that a surface state was significantly changed and

the control of the etching treatment itself of a semiconductor

device becomes difficult.



- 4 1In order to solve the above-described problens, there have been
proposed a silica glass jig in which a jig subjected to mechanical working
is etched by a hydrogen fluoride-containing solution to open m crocracks
to forma mcrocrack-free surface (Jagagege Pat ent Lai d- Qpen No.

10-59744), and a silica glass jig in which a surface of a silica glass jig
I's made irregular by nechanical working and then treated with a solution
cont ai ni ng hydrogen fluoride and amonium fluoride to formdinple-Ilike
depressi ons of friomi2@ien aBEO 1y dit gboveeslestriibed Probillers) imeire Wi dt h
spaced apart by 20 to 30 pm and also small projections of from1l to 50 m
in width andidveieen prepoied pneihikei ghasadd guin fbrihya Tis pabsedtiest ween
and within the grooves (Japanese Patent Laid-Open No. 2002-104843) .
However, botlP die¢hranigpbyvecrkiedi bedefrhgdhayeadh¥dgodffages i n actual use

the Use of THET o CHtltrt 5 rERGr RO HED SR TUST OGRS (Torn o &
by- duct, or i larpiti d t] d ticl

aftor usi ny T CERTF TS 3MFBRoC o WEpearAdoEr T oot ob PRRERERERE  estit of
uensi ve | NESI40A] CURQUNOPT 1 LOSHR £ EGUTRLANCES o L1 BL 8300 Nt Of s
ave found t'hat ena silircag S as a surface roughness wt

ot o YL S LIRS Iy 09 el 0 Pcan seg sychace

layer etchi ngred@ed Igk10fa B SV PLOFUE N BTN BRGLhPALHJen fluoride and
ammonium fluoride to form dimple-like depressions of from 20
to 300 pm and grooves of from 0.5 to 50 pum in width spaced
apart by 20 to 30 pm, and also small projections of from 1
to 50 ym in width and from 0.1 to 10 pm in height are uniformly
dispersed between and within the grooves (Japanese Patent
Laid-Open No. 2002-104843). However, both of the
above-described jigs have disadvantages in actual use in that
the depressions are changed to large cone-shaped depressions
by the use of the jigs, suddenly changing the amount of
deposition of a by-product, or irregularities are reduced,
generating peeled particles after using them continuously for
a certain period of time.

As a result of intensive investigations under these

circumstances, the present inventors have found that when a
silica glass jig has a surface roughneés with center line
average roughness Ra of from 0.1 to 20 pm and has a surface
that exhibits little change in a surface state against slight
surface layer etching, peeling of a by-product and scattering

of fine fragments of silica glass are eliminated, and a change



of fine fragnents of silica glass are elimnated, and a change - 5 in the
consunption of a treating gas is low and so the treatnent " in each process
can be easily controlled. Furthernore, it has also been found that the
above-described silica glass jig can be _easilynmanufactured by alternately
repeating a specified physical surfacé ﬁaYer removal neans and a specified
chem cal surface |layer renoval neans two or nore tines, leading to the
acconpl i shnent of the invention. An object of the present inventionis to
provi de a siin the qprassnpt Don nfvhitebapdnt gd €4 stiowantiad tiat & rdatment

sem conductor device are not generated when the jig is used and treatnent
condi ti ons rigeccah meoodwngEh derddilhedgngrebledpedivedihermegesd. iAnot her
obj ect of the present invention is to provide a nethod of manufacturing

t he above- dés®y BBe@ Beendpwichsbat tlye abiowd wiageridied Béligdentadd JTiee
present invention relates to a silica glass jig used in a process for
manuf act ur i riPRPe EFSdINIRRGIaCtoHRABY slitesdatisd M rrReahingflsPesidligss jig
has irregularities wth center 1ine average roughness Ra_of from0.1 to 20
pmon a par PS¢} SHfrfé‘C&f‘??é%E T éof MaRlS Bi TREF11192 WFHGElin a
surface stale on a sl i ght surf?ce qu r_etchin tneatneiéégThe sillca

glass jig of° the pr &?é( FRUBHET IET8° 4% §° Tidey Gipes $89¢ty the
renufact Ut 1 AuREM SOUELOF €01 BRvent PbnOXa e, @ core Cube,

An object of the present invention is to provide a silica
glass jig in which particles to contaminate a semiconductor
device are not generated when the jig is used and treatment
conditions need not be changed even if the jig is repeatedly
used.

Another object of the present invention is to provide

a method of manufacturing the above-described silica glass

Jjig.

Disclosure of the Invention

The present invention relates to a silica glass jig used
in a process for manufacturing a semiconductor, characterized
in that the silica glass jig has irregularities with center
line average roughness Ra of from 0.1 to 20 wm on a part or
all of a surface thereof and exhibits little change in a surface
state on a slight surface layer etching treatment.

The silica glass jig of the present invention is a jig
used in a process for manufacturing a semiconductor device,
for example, a core tube, a wafer-mounting boat, chambers for

etching and ashing and the like. A part or all of a surface



etching and ashing and the like. A part or all of a surface - 6 of the
silica glass jig has irregularities with center |ine average roughness Ra
of fromO0.1 to 20 mand exhibits little change in a surface state agai nst
a slight surface layer etching treatnent. The degree of change in the
surface state after the slight surface Payer etching treatnent is
preferably 50% or less with the rate of change of center |ine average
roughness, when the surface is etched with a hydrofluoric acid solution

in a concent@fttilen sddrige oflabsoni@. 0as ol v @906 bd r bt 5o utitin cergrmendtng e of
from17 to 23C for 15 to 17 hours, and the etched surface and the surface
bef ore et chidWpma®e meaghreEs RoroL dintoar 0l. ilneo &k pagend exdhinesss ddeand ng to

JIS B 0601 b a stylus surface roughness neasuring instrument in which the
tip of a sty FNIRLNEASHRRCe FhATS 208 116 tre sThahtistirfiane lave T etehdhaa

o snen oo A SN0 A5t A et ot e S Cedbe? The
average oGl Le o BEFRRG (1 ESABd B CFRBtORARGE BTAE Gt 508
emi ns 11t i Shear et e M e kb ret T nsat Tt ougRneRe-

above- descr R4 hydrogensfhuns ieﬁ[%he%PLEEEOQg%y?iﬂoelsﬁlc;ﬂa& atclli%lt splption

above-described range, the etching 1s not ficient since
nmuch tine tanpeovictieehite atGhangangdher tthencaneerbrat pQnats,abgysriBg

above-descri bed range, the speed of change in the early stage may be hi gh,
temperature of from 17 to 23°C for 15 to 17 hours, and the
etched surface and the surface before etching are measured
for center line average roughness according to JIS B 0601 by
a stylus surface roughness measuring instrument in which the
tip of a stylus has an R of from 2 to 10 um. That is, the
surface of a silica glass is changed by actual etching, for
example, etching by a plasma gas, wherein specifically Ra is
increased in the early stage. The degree of the change is
related to the rate of change of the center line average
roughness indicating the degree of the change in the surface
state, and when the rate of change is 50% or less, the change
of Ra remains little in actual use as well. When the
concentration of the above-described hydrogen fluoride
solution is less than the above-described range, the etching
is not efficient since it takes too much time to provide the
change. When the concentration is above the above-described
range, the speed of change in the early stage may be high,
reducing the time for determination. However, an error will

be generated after the object is taken out of the solution



reducing the time for determ nation. However, an error will be generated
after 'the object is taken out of the solution 7 before the surface thereof
is replaced with water to stop etching. Further, the tenperature of the
hydrogen fluoride solution of from 17 tg 23C i s enpl oyed since this
tenperature range is nost typically used. Mreover, the tine for an
etching treatnent of from1l5 to 17 hours is the tinme required for
obtaining the rate of change that allows high accuracy for determ nation.
It is inpotedintire chseswar Sag¢ ushswedfices neaslaeadniithstatigentoi Btophi ch
the tip of a stylus has an R of from2 to 10 maccording to JIS B 0601 for
t he nmeasur ef®higig + h&vaiidee- déber tepperatereodf dienbedrbgernr éasonivdky t he
above-descri bed stylus surface neasurenent instrunent in which the tip of
a stylus hasodmtiRropfiferm T oo LB°prm $ smpdedew $inde thedsctiehpdrbehioe. The
surface state of a silica glass jig is significantly changed during actual
use by the &g % %%&P%@#?Hﬁe% crocracks existing in the surface
in the initial stage are | ar ged the etching treatnent aor _the ape of
the irregulari t¥4 %e\ﬂvﬁﬁ'i %E‘Sn{:glaeng%/{:l‘lae% G&Fﬁlﬁgﬁ%% &tchifbe 5 by

t he et ching.trqat A_hQn-cantact i nstr nt, r. _exa e, . a

I nstrunent lEtgl Eg g%ﬁ%ﬁ act gglel ?d’h‘te Eé?q 3585&8%0{’@8FPéEEthﬁeaég?eOFhe
center line I r.Qu l.sul r hap wever,
R e S e YR e

treatnent coRgolritant t3hQYkda b phaNged fHHd B a4Semen?CentReuRGRLCORT act

I nst runment
which the tip of a stylus has an R of from 2 to 10 um according

to JIS B 0601 for the measurement of the above-described rate
of change. The reason why the above-described stylus surface
measurement instrument in which the tip of a stylus has an
R of from 2 to 10 um is used will be described below. The
surface state of a silica glass jig is significantly changed
during actual use by the etching treatment such that
microcracks existing in the surface in the initial stage are
enlarged by the etching treatment or the shape of the
irregularitieswithindentednotchesonthe surfacearechanged
by the etching treatment. A non-contact instrument, for
example, an instrument using a reflected light of laser, can
correctlymeasure the center line average roughness calculated
fromthemeasured shape. However, itisdifficulttodetermine
a significant change of statebywhich the treatment conditions
should be changed during use, since the non-contact instrument
detects narrow valleys as well that will soon be buried by
aby-product while the jigisused. Useof ameasurement method

using the stylus surface measurement instrument allows easily




detects narrow valleys as well that will soon be buried by a by-product
while the jig is used. Use of a neasurenent nmethod wusing the stylus
surface neasurenment instrunment allows easily - 8 capturing the change in
proj ections, and especially in valleys_ {hat are sensitive to a situation
of by-product deposition. The tip of the stylus has an Rof from2 to 10 m
as described above. This range spans from2 mwhere narrow vall eys are
not detected to 10 pm where substantial irregularities can be determn ned.
This range caPEasiny thecharoe e RIGRRLions t BedRadereaklnis valleys
corresponding to that in the actual use. Wen a silica glass jigis

actual |y used2t FFafsiifitofve £0¢- ptbantior Phdaphafet Manosidion.
appropriate depending on the process to be used, For exanple, in the case
of the CWD ﬂ?%g ?%rB]G@h?etrﬂHf f17e &k AfefoPm B il§ B dhslessrdbhasssi ve
gas fron1the];iln1géﬁ§£h on a wafer to be_captured and deposited in a
arger amount”Of t he "9 iT@R9) FH8T %r%‘ 2 lﬁg-@?%ﬁ%d}m%’ JFLi8Y s R&case
of the dry [ \Y; asma _or the. like, roughening . the surface
of the jig g‘?%m‘i{s&aeoétgeg‘%f‘?%%ogglé“ "SR CieSEPOTLTY ﬁ&l%é?‘@a?dt%&lee& &G
deposi ted 1 Il oAl APUNIrn 1N rbigeSthhCoadl #55ndd 8u 28 EDYrURAIGL: !
t he anbunt of deposition of the by-product 1s too large, the ga or

formng a filensyfowidiats dRdbid iy 18y alhdthaln itheseassvelsy . | ow,
inhibiting the growth of the filmor etching. On the other hand, if the

amount of by- prodhen eapibied ghad®0isymalsl actpalliychesd the banganenat ed

due to peeling or the Iike, and the roughness and state of the silica

gl ass jig arebyghamgedct to be captured must be appropriate depending on
the process to be used. For example, in the case of the CVD
process, roughening the surface of the jigallows an excessive
gas fromthe filmgrowth on a wafer to be captured and deposited
in a larger amount on the silica glass jig as a by-product.
Also, in the case of the dry etching ‘process by plasma or the
like, roughening the surface of the jig allows a reaction gas
fromthe etching tobe captured and deposited in a larger amount
on the silica glass jig as a by-product. If the amount of
deposition of the by-product is too large, the gas for forming
a film on a wafer is reduced to a level that is excessively
low, inhibiting the growth of the film or etching. On the
other hand, if the amount of by-product captured is too small,
particles will be generated due to peeling or the like, and
the roughness and state of the silica glass jig are changed
from the initial state by etching when the jig is used, which
proposes a similar problem as described above. The

irregularities onasurfaceofasilicaglass jigmaybe sawlike

irregularities, or notches in which irregular, acute peaks




fromthe initial state by etching when the jig is used, which proposes a
simlar problemas described above. The irregularities on a surface of a
silica glass jigmaybe sawmike irregularities, or notches in which
irregular, acute peaks - 9 and valleys are contlguously formed, or a
series of projections of a trapezoidal 8hape. Al of these |rregul arities
wll form cup-shaped irregularities with sharp edges by the etching
treatment during actual use, and the capability to capture a by-product
and the |ikemd vhlbeyshkargeshtigablisTaFdrneld, aift atshe iigy 6 progkateons

Mor eover, when cup-shaped irregularities are fornmed fromthe initial
state, the capalbidapezdicialaphupe. aAby ofridoesd ivrkhulertiaedesned 11 formt he
actual use as the surface area is snmall, and a sharp part at the edge of
the cup-shapeipvilidpame droppetavitien geviersbharpaedgebeby Ther etohéngt he
silica glass jig of the present invention has a surface with

i rregul ari t itgeadmetouring tare Inugdeash agehtde capabidvdtagse cepgbmess Ra
formed on a part or all thereof. The presence of the irregularities can
securely capt B¥ePEOBVSHr %Gct%h%lridk%@lhléulﬁ%r@?él‘&% spe@iifigast Iy £rem
Preferably, .the,abpoye:descri begq irregularjties haye a nulti El e structure

consi sting M9 LPGEIRL HdthiSr i H1OFEORT £ hen URadhGRsipr SREPeaTdEpPESsi ons
f d t f h | t t t |
capture the B pPotaa FEh 0 dosdady SR Bnels P HE g, captute

I rregularitiy Stz%l Abaudf Gi lrlslg%‘%'oto' Y2l P 3l @Y 281G NG Egréﬂéegﬂ?'fgmf | he

shal | ow cup- d |rreg ar |
area is small, and a sharp part at the edge of the cup-shape

will be dropped off to generate particles. Therefore, the
silica glass jig of the present invention has a surface with
irregularities of from 0.1 to 20 pm with center line average
roughness Ra formed on a part or all thereof. The presence
of the irregularities can securely capture a by-product and
can suppress the peeling of a film.

Preferably, the above-described irregularities have a
multiple structure consistingof large irregularitiesandfine
shallow cup-shaped depressions formed on the surface thereof.
This multiple structure can securely capture the by-product
of a necessary thickness by large wavy irregularities that
are insensitive to slight etching.

Furthermore, fine shallow cup-shaped irregularities
formed on the large wavy irregularities can fix the captured
by~-product without peeling. Thus, ajigwitha stable surface
can be obtained. Most desirably, the shallow cup-shaped

depression has a smaller bottom depth than the edge-level

diameter thereof and the edge at the boundary of adjacent



formed on the large wavy irregularities can fix the captured by-product

w t hout peeling. Thus, a jig wwth a stable surface can be obtai ned. Mst
desirably, the shall ow cup-shaped depression has a snaller bottom depth
than the edge-level dianeter thereof gnﬂ the edge at the boundary of

adj acent 10 depressions is not acutely %nvex. Even if the depression is
etched during use, the vicinity of the edge is equally worn out due to the
above structure, and projected edge that is acute and may be easily fallen
of f can be pReREASBHOREORF BetuREIBYl Petwweex adjErtenti fdpive shiporss s (ke
silica glass,ji%% of the present invention can be manufactured by

repeat edl y appISRHEhIBRyBE e stHhRacEcinjby off shevedgerdanequatly wieni cal
surface | ayer yenoval ans alternately twice or nore. A treatnent
conditi on to°Be BT gf%r PRV R FE1%R c A RXsH SHerd qdae drdtade
ouaiess | OGRS, Ba He Ptk UE TG BT (LTI, IS U oo
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alternately twice or more. A treatment condition to be
preferably selected is a condition where the surface roughness
formed by the physical surface layer removal means is
successively smaller.

The above-described physical surface layer removal means
includes a grinding treatment with a bonded abrasive grain
grindstone, a polishing treatment with free abrasive grains,

a blast treatment with free abrasive grains, a treatment with
liquid honing or combinations thereof. Specifically, the
bonded abrasive grain grindstone includes a resin bond diamond
grindstone and the like; the free abrasive grain includes
silica and SiC; and the treatment with liquid honing includes
a treatment in which the free abrasives are dispersed in a
liquid for spraying. This physical surface layer removal
means forms a damage layer such as a processed plastic layer
and microcracks on a surface of a silica glass, which causes
generation of particles by scattering fine fragments of silica

glasswhenthe jigisused. In addition, heterogeneouserosion

occurs during an etching treatment process, leading to




liquid for spraying. This physical surface |ayer renoval neans forns a
damage | ayer such as a processed plastic |layer and mcrocracks on a
surface of a silica glass, which causes generation of particles by
scattering fine fragnents of silica glaﬁﬁ when the jig is used. In
addi ti on, heterogeneous erosion occurs ring an etching treatnent
process, leading to - 11 formation of deep grooves due to inperfect
opening of mcrocracks and a significant change in the surface state.
Thus, it is fevestiey ¢b deapgervorgesndnt tondimpeatfisctobpani@dD i ocess, an
etching process and the |ike. However, application of a chem cal surface

| ayer renovdM FER/HEAE 6T | W iy Sidrel bboart devoddeh pinesisoaifae fsteed ayer
renoval mnean al | ows, renoval of the processed plastic |ayer and openi ng of
the nicrocr > riddud MPRS yendratdhanas traatimands itheong Wy i n

t he surface CsJSEEte. However, if the amobunt of the surface |ayer renoved by
the cheni cal" ‘YU R Iy e rehoVARY RESRgSPsabflnbhe LAkSr enBUUEVEE. t he
processed pl i.c.layer .and the eni of, the m crocracks wll. not be
sufficient. a%éljt%aet Sthef At ,lcfé)f?‘tlr?gcﬁt]@é(ﬁﬁt%ed“qv&]s‘ﬂ?ﬁpéifé’rthJﬂV’lﬁ’@rmve

t he danmage | r ah i ng. d plastic.layer and I crocracks
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cup- shaped 1 TS W I Lph I id | be
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nmet hod descri bed in Japanese Patent” Lai d-Open No. 200 04843
change in the surface state. However, if the amount of the
surface layer removed by the chemical surface layer removal
means is small, the removal of the processed plastic layer
and the opening of the microcracks will not be sufficient.
On the other hand, if it is attempted to sufficiently remove
the damage layer containing the processed plastic layer and
microcracks formedbythephysical surface layer removal means,
large grooves and cup-shaped or bowl-shaped depressions with
sharp peripheral edges will be formed in large numbers.
Fineglass fragmentsarelikelytobescatteredespecially
from sharp parts at peripheral edges. There is a treatment
method described in Japanese Patent Laid-OpenNo. 2002-104843
as a treatment method in which depressions with the
above-described sharp edges are not formed. However, the
method described in the patent cannot remove the damage layer
such as a processed plastic layer and microcracks formed by
the physical surface layer removal means and the surface state
during the etching treatment varies significantly. Further,

whenetchingproceedsduringactual use, numbers of depressions



as a treatnent nethod in which depressions with the above-described sharp
edges ‘are not forned. However, the nethod described in the patent cannot
renove the danage | ayer such as a processed pl astic layer and m crocracks
formed by the physical surface |ayer ﬁ1 val means and the surface state
during the etching treatnent varies sig icantly. Further, when etching
proceeds during actual use, nunbers of depressions - 12 wth sharp
peripheral edges are forned, facilitating generation of particles. In the
nanufactunlﬁ}ﬁﬁﬂﬂhﬁrﬁﬁpermpmﬂngn@dgaseareoﬁ¢rmehe thetilcabtiugf ace | ayer
renoval means after the first physical surface |ayer renoval neans forns a
surface in WARAFatiQh oof deaet bnlese surface are opened, for exanple, a
surface in which th%re are nunbers of bow -shaped or cup-shaped
irregularities. ThekDe RENPASTtEanguFRAEed afeitheenpeaentméanenitdoappl i ed
again to con n the egularities to wavy shapes.

ert .the a te r
Furt her nor e, ¥F%e}EWEﬁ? %E%QQK%§Y%&e¥eW% ame%%ﬁn%f¥§rabbﬁ|éara ainto
| | at flat f d
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means are repeate
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use is snall._Nbre pr ef er abl y, phyS|c ace | ayer
r enoval rreaﬂs:rle@us_@xﬁﬁ:ti%%.SUQHehDaEhbhﬁh%&fc%qe surface layer removal

means is applied again to convert the acute parts in the
irregularities to wavy shapes. Furthermore, the chemical
surface layer removal means is appliedagain to open a processed
plastic layer remaining on a relatively flat surface and a
small number of remaining microcracks. Preferably, the
above-described physical surface layer removal means and
chemical surface layer removal means are repeatedly applied
alternately twice or more. This provides a silica glass jig
in which the change of a surface state of the jig during use
is small. More preferably, the above-described physical
surface layer removal means is selected such that the surface
roughness provided by the next physical surface layer removal
means is smaller than that provided by the previous physical
surface layer removal means. Thus, the next chemical surface
layer removal means can easily open only the damage and
microcracks formed by the final application of the physical
surface layer removal means without significantly changing
the shape of already formed large wavy irregularities, as well

asamultiple structure with numbers of cup-shaped depressions



roughness provided by the next physical surface |ayer renoval neans is
smal | er than that provided by the previous physical surface |ayer renoval
means. Thus, the next chem cal surface |ayer renpval means can easily open
only the damage and microcracks forned bﬁ the final application of the
physi cal surface | ayer renoval neans W Hhout significantly changing the
shape of already forned |large wavy irregularities, as well as a nultiple
structure with nunbers of cup-shaped depressions 13 on the surface of

| arge wavy ienegbkasiutfasecafi berdorwedy ifosqeXarDt Bes MUY EFQFRINS W t h
arelatively large particle size are used first, and abrasive grains with
a rel ativel yFosmtamnpla + abressveeymainusedhas rcfia tiext] yr bapyalpamansle | n
this case, there may be adopted a conbination of the physical surface

| ayer renpvaPlABa®Eeinsofi Ehrehe apd miirrpiveaneims wittth aa tedredeidredyr asi ve
grain grindstone is copnbjned with the follow ng polishing treatnent with
free abrasi v@“@fﬁi%?t}:% ¢ IEHAE UsBoAGedhabrast veeme ez h pamelst dime

conprising a_. di amond rasive grains of #120 is first used, and then a

candbl ast tr B4t HoRe S CHESPEHY B AHPREPVE GRRTIST oPob8 The PRI, The

chem cal S L ageeL aYely L etRl RenUoTd LIRS pPase et

Preferably, e, dpibeal, souciace dmsy oAl deans S LebE Ltk |

the above- descrdpsdy pehyshafg AldNGuah: &1 TR §g}5§i98tgr%i%%r ; For
example, a bonded abrasive grain grindstone comprising a
diamond abrasive grains of #120 is first used, and then a
sandblast treatment with SiC free abrasive grains of #600 is
applied.

The chemical surface layer removal means used in the
present invention includes a treatment with a hydrogen
fluoride-containing solution. Preferably, the chemical
surface layer removal means after the last physical surface
layer removal means further contains ammonium fluoride in the
above-described solution. Although amechanismis not clear,
this allows to remove, for example, sharp projections created
on peripheral edges of cup-shaped or bowl-shaped depressions
formed by the chemical surface layer removal means and other
acute projections, forming a surface with smooth
irregularities. This is assumed that the crystals formed by
the reaction of hydrogen fluoride and ammonium fluoride with
silica often occur, for example, at the bottom of cup-shaped

depressions anddonot occurat theprojections, or the crystals

that have absorbed the projections immediately leave the




this allows to renove, for exanple, sharp projections created on

peri pheral edges of cup-shaped or bow -shaped depressions fornmed by the
chem cal surface |ayer renpoval nmeans and other acute projections, formng
a surface with smooth irregularities. This is assuned that the crystals
formed by the reaction of hydrogen f1uot$ de and ammoni um fl uoride with
silica often occur, for exanple, at the bottom of cup-shaped depressions
and do not occur at the projections, or the crystals that have absorbed
the proj ectipns]jéotidnat etystidavrgt he seldct Proj €E4H DG, ar® Adtd A idF

sel ective etching and renoval of the projections to forma round shape

wi t hout acuteharrsjectbers preffoablay , rdime grergd olighorit duteapErdse si ze
of from 10 to 200 m of any one selected fromthe group consisting of a
resin, silidiPedreicaraime, fdneapsshbrhesi ehth epeot icdeesilzepef fadni n t he
above-described hydrogen fluoride-containing solution. By dispersing the
fine particl®sto t40 damefe ary @neosed estrefchdeasf the iggrougn ceasiilsy i rige

renoved; the capability to formfine irreqularities is_  enhanced; and a
nanufacturiﬁagﬁfd§ﬁﬁﬂ?® A IFGERLIC ARR & 6RNSR NGt oRs bhiegeot

vi bration and agitfation peans,_can_, further enhance the efficiency of the
t r eat nent . %gree glr?%%r%?%s%nj T’Beo‘?b?’ﬁﬁhg?ﬁgﬁh e nSXHFPEﬁngenerat es few

ticl jig t { diti t al t
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all owi ng a tyHa4LPMs Oft i GAnAYR! 1 L ¥er SEM L AIYSI Y § WY tﬂftc%lﬁi leiagle
Mor eover, the
be removed; the capability to form fine irregularities is
enhanced; and a manufacturing procedure can be simplified.
Addition of ultrasonic vibration and agitation means can
further enhance the efficiency of the treatment.

The silica glass jig of the present invention generates
few particles when the jig is used, and treatment conditions
are not almost changed even if the jig is repeatedly used.
Thus, it is effective in allowing a treatment of high quality
semiconductors with stability. Moreover, the
above-described silica glass jig can be easily manufactured
by repeatedly applying a specific physical surface layer
removal means and chemical surface layer removal means twice

or more, and the industrial value thereof is high.

Brief Description of the Drawings
Figure 1 is a photograph of 500 magnifications of the

surface of the jig for dry etching in Example 1 observed by

a microscope;




above-described silica glass jig can be easily manufactured by repeatedly
applying a specific physical surface |ayer renoval neans and chem cal
surface | ayer renoval nmeans twice or nore, and the industrial value
thereof is high. Brief Description of tkfﬁ[Xamﬁngs Figure 1 is a photograph
of 500 magnifications of the surface of"the jig for dry etching in Exanple
1 observed by a mcroscope; - 15 Figure 2 is a photograph of 500
magni fi cations of the surface of the jig for dry etching in Exanple 1
observed by a nifdhstope iaf teephcitegriagph ©fi 508 sednif inpdrieisuef ¢haci d

of 3.5% by mass for 16 hours; Figure 3 is a photograph of 500

magni fi cat i oHstigice et the fldge fofr dhy ¢tghing inyExamhledl iobsemamd eyl
observed by a scanning el ectron mcroscope; Figure 4 is a photograph of

200 magni f i GafiiGFE IR & ThRaT Ehehddag im Bieapied 2 nohyeingdd doyr i scdni ng

clection  MiSE PSS AL S8, 553 Bholoaraph of 1,000 mni T cat ons of

R AN R B T O Lt R

LD oS LRIE A S0 0D ol A BRG0P PO PE T
a scanning electron microscope;

Figure 4 is a photograph of 200 magnifications of the
wafer boat in Example 2 observed by a scanning electron
microscope;

Figure 5 is a photograph of 1,000 magnifications of the
wafer boat in Example 2 observed by a scanning electron
microscope;

Figure 6 is a photograph of 200 magnifications of the
wafer boat in Example 2 observed by SEM after the boat is
subjected totheetchingtest withahydrofluoricacid solution
of 3.5% at 20°C for 16 hours;

Figure 7 is a photograph of 1,000 magnifications of the
wafer boat in Example 2 observed by SEM after the boat is
subjected to the etching test with a hydrofluoricacidsolution
of 3.5% at 20°C for 16 hours;

Figure 8 is a photograph of 200 magnifications of the
wafer boat in Comparative Example 2 observed by SEM;

Figure 9 is a photograph of 1,000 magnifications of the
wafer boat in Comparative Example 2 observed by SEM;

Figure 10 is a photograph of 200 magnifications of the

wafer boat in Comparative Example 2 observed by SEM after the




waf er boat in Exanple 2 observed by SEM after the boat is subjected to the
etching test wwth a hydrofluoric acid solution of 3.5%at 20C for 16
hours; Figure 8 is a photograph of 200 magnifications of the wafer boat in
Conpar ati ve Exanple 2 observed by SEM Figure 9 is a photograph of 1,000
magni fi cati ons of the wafer boat in Co"r'rp%fiafive Exanpl e 2 observed by SEM
Figure 10 is a photograph of 200 nagnifications of the wafer boat in
Conpar ati ve Exanple 2 observed by SEM after the - 16 boat is subjected to
the etching Pesat iw shbiehyedofs adie et altiny teeitulri oh 0hydrb¥iabr20Gdy 16
hours; and Figure 11 is a photograph of 1, 000 magnifications of the wafer
boat in ConpafattienERangl-8%2atbgérdeflobyl 6Bhbatser ahde boat is subjected

to the etching test with a hydrofluoric acid solution of 3.5%at 20C for
16 hours. Best I\/b%eg‘?%? tFVA RGoteorerd PhviertlbmamBit icalid opsestrithe

I nvention wivlqilf%)elb%e Cr.i bg W t ref erence to Exanples, but the present

i nvention is" not. 8%%%‘6?"%?8%%%% JoSehece dtit 6EM 2 heshvdraage
reacured wi R 25T aeEe b B thing BheF Ot ok Sav BT Wb € oo
foughness ST ST SRt 657 18 ZHS (G0l CtPOrat i on (S0-400) ves used.
Exanple 1 A surface of a silica glass with a dianmeter of 300 mm
Best Mode for Carrying Out the Invention
Next, the present invention will be described with
reference to Examples, but the present invention is not limited
thereto. Incidentally, the center line average roughness Ra
in the following Example 1 and Comparative Example 1 was
measured with a surface roughness tester (Surfcom 300B
available from Tokyo Seimitsu Co., Ltd.). In other Examples
and the like, a surface roughness tester available from
Mitutoyo Corporation (SJ-400) was used.
Example 1
A surface of a silica glass with a diameter of 300 mm
was ground with a resin bond grindstone containing diamond
abrasive grains of #300 to prepare a disc-form jig for dry
etching. Theresultingjighadacenterlineaverage roughness
Ra of 1.2 pm. The jig was immersed in a hydrofluoric acid
solution of 50% for 10 minutes. The resulting jighada center
line average roughness Ra of 2.8 um, Successively, the jig
was subjected to surface removal by a resin bond grindstone

composed of SiC abrasive grains of #1,000 to create a center

line average rbughness Ra of 0.5 um. The resulting jig was




was ground with a resin bond grindstone containing dianond abrasive grains
of #300 to prepare a disc-formjig for dry etching. The resulting jig had
a center line average roughness Ra of 1.2 pm The jig was inmersed in a
hydrofluoric acid solution of 50%for IO mnnutes. The resulting jig had a
center |ine average roughness Ra of 2‘.8%mT Successively, the jig was
subjected to surface renoval by a resin bond grindstone conposed of SiC
abrasive grains of #1,000 to create a center |ine average roughness Ra of
0.5 m The réautheéngti¢agtedswifh 4 uridneidteeas sk imdhof 155U reonsicet i ng
of 15% by mass of hydrogen fluoride, 15% by mass of anmonium fluoride, 50%
by mass of R¢@¥Pgendi nertiowntier? for maskoaf , amheai winnflaocidé pr50% inye

aver age rougrgmess of ,.1.4 m_The above-described jig was imersed in a
hydr of | uori "% #is8FELiEena6f d3aBd Rt emder 3t hoot, apkit 2kabiaed deprtetrhe
change of , The result is as shown in Table 1. A photograph of the

surface at ¥ RIGFa96pEerIRACEY B Rifck ok tBpe ThesHmwetdestyiibed figand a
by amcroscds HHRSHEEFTR Erbiiet Sradtic itboe  E goP5qf aph PoB8ERved by
2 SCaNI N9 SEUF P LLRE Fof U, IS o RO LR LAE S
7300 To prepare il e o 1 R AR B Mo LS Hhel® RS &
center |ineobsraghl boudhnesssBapefislsBown in Figure 1; and a photograph

of the surface after the etching treatment of 16 hours observed

byamicroscope is showninFigure2. Furthermore, a photograph

cbserved by a scanning electron microscope at zero hour is

shown in Figure 3.

Comparative Example 1

Asilicaglass jig similar to that in Example 1 was ground

witharesinbondgrindstone containingdiamondabrasive grains

of #300 to prepare a disc-form jig for dry etching. The

resulting jig had a center line average roughness Ra of 1.2

pm. The jig was then immersed in a hydrofluoric acid solution

of 10% for 10 minutes, obtaining Ra of 1.3 um. The jig was

examined for the change in surface roughness by hydrofluoric

acid of 3.5% by mass in the same manner as in Example 1. The

result is as shown in Table 1.




m The jig was then immersed in a hydrofluoric acid solution of 10%for 10
m nutes, obtaining Ra of 1.3 pm The jig was exam ned for the change in
surface roughness by hydrofluoric acid of 3.5% by mass in the sane manner
as in Exanple 1. The result is as shown_in Table 1. - 18 - [Table 1] O
hour 4 hours 8 hours 16 hours Ra 1.4 um%.8m 1.91tm 1.9m Exanple 1 Rate
of 0% 29% 36% 36% change Conparative Exanple Ra 1.3m1.9m2.8m3.3m | i 1
Rat e of 0% 46% 115% 130% change As shown in Table 1 above, the silica
glass jig of [Talelepiésent invention in Exanple 1 exhibited an extrenely

smal | er change T the surfaceg—states Steh-as Ray *L\an t-hat +nConparatjve

Exanple 1, jn the etching tesf with a hydrof Ui | £hqer | € deues fhé herrs| 506

by mass. The J1gs from Exampte—t—anpg—Conp Ea*iv rFpe—1—wete—actually

used in a pl asmeggry, gt ¢hi ng fpparatus of “2 W th-t H‘:& C}:ﬂﬁlﬁ&“_ yas?#Theljig

from Exanplle 1 was used for [TegLy GETENTOfy Sjba yﬁca, % ,%59?

observed that generation of partdghgs fof each batch was | oy 1 2
o

| 1

5
h
!Bc tye £Bx

number. Oy the other hand, tine JTgf romronp et §howcu
gener at i on |aforpakatge puHEk jof particl es| of” 50 |or #o¥ el At # P hp 3t 4™paf ch,
and the usg lof the jig was sUSpERgEd ceVOT EOVAT, 263 1153 130%

change

As shown in Table 1 above, the siiica glass jig of the
presentinventionjlexample].exhibitedau1extremelysmaller
changeinthesurfacestatessuchasRathanthatinComparative
Examplel, intheetchingtestwithahydrofluoricacidsolution
of 3.5% by mass. The jigs from Example 1 and Comparative
Example 1 were actually used in a plasma dry etching apparatus
of 2 kw with a CFy/Ar gas. The jig from Example 1 was used
for the treatment of 5 batches, and it was observed that
generation of particles for each batch was below 10 in number.
On the other hand, the jig from Comparative Example 1 showed
generation of a large number of particles of 50 or more at
theBrdbatch,andtheuseofthejigwassuspended. Moreover,
the Ra after use was 2 um for the jig from Example 1 and 5.2
Hm for the jig from Comparative Example 1. This result shows
a large difference similar to that in the etching test with
a hydrofluoric acid solution of 3.5% by mass. In addition,
the etching rate of a treated wafer was compared between the
5th batch from Example 1 and the 3rd batch from Comparative
Example 1. It was observed that the jig from Comparative
Example 1 showed a lower rate than that from Example 1.

Example 2




the Ra after use was 2 gin for the jig fromExanple 1 and 5.2 gmfor the
jig from Conparative Exanple 1. This result shows a large difference
simlar to that in the etching test with a hydrofluoric acid solution of
3.5% by mass. In addition, the etching rate of a treated wafer was
conpared between the 5th batch from Exanple 1 and the 3rd batch from
Conparative Exanple 1. It was observed that the jig from Conparative
Exanple 1 showed a | ower rate than that from Exanple 1. Exanple 2 19 A
vertical wafer bda¥efbicahperfegtzsat foowapoophaspondivhl caraeasindienn
waf er of 150 mmin di aneter was prepared. The above-described wafer boat
was subj ect el tD 2 Liifgbwadier Prfgéﬁﬁeﬁm int ¢isneteorwaarmiees odd asiThe

grai ns of #150 f Ilomed%(?y a_treatment with a hydrofluoric acid solution
of 15%for ‘Fﬁ‘n‘g?%%“a’?n ferfRErPPab| reveanyiacsaddbrast senehtlasitt  with

il ' [ ' f #600, .Th f boat | i vel
Created w i AR VR & TRe00: E2000 85 ShEceibr ApaiBgont hddthde. 12%
b f | ' N f 1 ... 1h f of t
Cesu e ng warar e At Egse Al WA o RkateB by foreld sl B blope
(SEM. The TSpbi9 o dMEndRuEkon:ef 180G By SIS YR £Le ?%%tatpn%gﬁghness

surface roughness of 2. 1 mwth the center |ine average surface

Ra. As showsiith Eiguees éaﬁ@fbéabtﬁ%ri%/\la,%a%%eéf/%fogge”gifné:vPAJ;f‘er’SBEH(Et ure

i n which shall ow depressions are formed “on the sur arge wavy

irregul aritives steecabdweldeseeabed watarabpagui@scsiifeieg 40 1hepst ching
t est

mass of hydrogen fluoride, 12% by mass of ammonium fluoride
and water for 1 hour. The surface of the resulting wafer boat
was photographed by a scanningelectron microscope (SEM). The
results are shown in Figures 4 and 5. The wafer boat had a
surface roughnessof 2.1 ymwith the center line average surface
roughness Ra. As shown in Figures 4 and 5, there was observed
amultiple structure in which shallow depressions are formed
on the surface of large wavy irregularities. The

above-described wafer boat was subjected to the etching test
with a hydrofluoric acid solution of 3.5% at 20°C for 16 hours.
Photographs of the surface of the wafer boat after the test
taken by SEM are shown in Figures 6 and 7. Amultiple structure
was still observed, in which there were reduced numbers of
slightlywider depressions of a larger-than-before wavy shape.
The Ra at this time was 2.1 pm. Furthermore, the

above-described wafer boat was used in the actual vapor phase
growth process of silicon nitride to deposit a film of 2 pm.
At every cumulative deposition in the above-described growth

process, cleaning with a hydrofluoric acid solution of 4% for




with a hydrofluoric acid solution of 3.5%at 20C for 16 hours. Phot ographs
of the surface of the wafer boat after the test taken by SEM are shown in
Figures 6 and 7. A multiple structure was still observed, in which there
were reduced nunbers of slightly w der depressions of a | arger-than-before
wavy shape. The Ra at this tinme was 2712%nT Furthernore, the

above-descri bed wafer boat was used in the actual vapor phase growh
process of silicon nitride to deposit a filmof 2 m At every cumnul ative
deposi tion i h héwer alrov erafesdraddédt gmewnt h Tipe coasfacd ladarimgsei hbdaa Ra
hydrofluoric acid solution of 4% for -20- 1 hour was repeated 5 tinmes. The
surface aftepfugedhad.a Ra of 2.5 m Conparative Exanple 2 The wafer boat
simlar to that in Exanple 2 was _subjected to a sandblast treatnment with
silicon car by98PabRhsVFeEGRAPAS 20f #150, followed by a sandbl ast treat nent
with silicon cargéde raéive rai.ns of #600. Next, the boat was treated
with a hydrof | uorie Yades Rt tisiidh 16 §0%bhal in kppleRevas spkdecteid t he
resul ting r at s, phot agr aphed, by scanning. electrop m croscope
(St The T8 peRtp B R IR A o8 B S0 S et ot ST
roughness w t ' r hn Ra. .of 2,2 m The.

above- descri %ﬁgtl\l%gf ggh%(g)%%d Qgéa %ﬁik@% Sé%%?: %a{c ﬁ%ﬁéctwcthqhﬁl}ég?n\ﬂﬁ% léie
hydr of | uori ' ' % a C ' ! nner
as in Exanplcaébgi&égﬁi%lggr%gﬂs%f#ﬁoﬁé SEF % géei’g% %ﬁaep\i\%s;re%oéa%@d 3’?1{%? he
test taken byydEM BiSrs80¥0id sl @t &S 4P BME Adr 1 hour. The surface

of the resulting wafer boat was photographed by a scanning
electron microscope (SEM). The results are shown in Figures
8 and 9. The wafer boat had a roughness with the center line
average roughness Ra of 2.2 um. The above-~described wafer
boat was subjected to the etching test with a hydrofluoric
acid solution of 3.5% at 20°C for 16 hours in the same manner
as in Example 2. Photographs of the surface of the wafer boat
after the test taken by SEM are shown in Figures 10 and 11.
This surface, which was significantly different from the

surface in Figure 6 inwhich large depressions with acute edges
are contiguously formed, had an Ra of 4.8 um. Furthermore,
the above-described wafer boat was used in the actual vapor
phase growth process of siliconnitride. At every cumulative
deposition of a film of 2 um, cleaning with a hydrofluoric
acidsolutionof 4% for 1 hour was repeatedly performed 5 times.
The surface after use had an Ra of 5.1 um. Moreover, the film
thickness growing on the wafer suddenly decreased since the

3rd time, and the increase of particles on the treated wafer

was observed.




This surface, which was significantly different fromthe surface in Figure
6 in Wwhich | arge depressions with acute edges are contiguously forned, had
an Ra of 4.8 pm Furthernore, the above-described wafer boat was used in

t he.-actual vapor phase growh process of silicon nitride. At every

cumul ative deposition of a filmof 2 plcleaning with a hydrofluoric

acid solution of 4 %for 1 hour was repeatedly perfornmed 5 tines. The
surface after use had an Ra of 5.1 m Moreover, the film thickness grow ng
on the wafer suddenly decreased since the 3rd tine, and the increase of
particles on the treated wafer was observed. 21 - Industrial Applicability
The silica girsbssiiipbfApmbipalkskityi nvention does not generate particles
to contam nate a _sem conductor device when the jig is used and treatnment
conditions need i Béldgangéassevia ¢f e piesent riepwatteidiny dessdnot
Therefore, the silica glass jig of the present invention can be used

ef fect i vel y IHELRTHPETEERL e St UEPRE 2R DALER) SEBACONENERPErde ¥ bre Whemi ng

d hi ng, LNg, . and I L2 ALMS 1. Asili I | d
2 or ocess f P uing B s FRGR EeorptmniiorOnai ChaPacheri et O Fhalofle |
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of  fromo. Al 97 i T Gan Tepeatidly el SnutREeRE BHE SHE%e of

change of centfls 5iRe AV @HRIB LAGRNESTeht 120 % an be used effectively

as a core tube, a wafer-mounting boat, chambers for etching

and ashing, a ring, and a plate.




or |l ess when the surface etched with an aqueous hydrogen fluoride solution
in a concentration range of from3.0 to 4.0 at a solution tenperature of
from17 to 23 Cfor 15 to 17 hours and the surface before etching were
measured according to JIS B 0601 by a gbylus surface roughness neasuring
instrument in which the tip of stylus has an Rof from2 to 10 m 2. The
silica glass jig according to claim1l, <characterized in that a total
roughness conprising irregulariti e§8fIMRa from0.1 to 20 mon a part or
all of the surface is controlled by a multiple structure conposed of

| arge wavy irregularities and fine shall ow cup-shaped depressions present
on the sucfacrk shedeaf gluzer iy essdd ofnsai grevpsshdped mgprfestinnisichas a
bottom depth  smal | er than an edge-level di aneter thereof; and wherein the

depr essi BnEeHAGENGUREPY acHRBFPCEERIEL T dfe PGS PHrClR H&ss 119

has irregularities with center line average roughness Ra of

from 0.1 to 20 pm on a part or all of a surface thereof and
the rate of change of center line average roughness is 50%
or less when the surface etched with an aquecus hydrogen

fluoride solution in a concentration range of from 3.0 to

4.0 at a solution temperature of from 17 to 23 °C for 15 to
17 hours and the surface before etching were measured
according to JIS B 0601 by a stylus surface roughness

measuring instrument in which the tip of stylus has an R of

from 2 to 10 pm.

2. The silica glass jig according to claim 1,
characterized in that a total roughness comprising
irregularities of Ra from 0.1 to 20 pum on a part or all of
the surface is controlled by a multiple structure composed
of large wavy irregularities and fine shallow cup-shaped
depressionsg present on the surface thereof, wherein

each of said cup-shaped depressions has a bottom depth
smaller than an edge-level diameter thereof; and wherein

the depressions have a not acutely convex edge formed

therebetween.



