-1 | PTION *159159* SILICA GLASS JI G USED I N PROCESS FOR
NﬁﬁUFggigglNG SEM CONDUCTOR AND METHOD OF MANUFACTURI NG SI LI CA GLASS JI G
Technical Field The present invention relates to a silica glass jig used
in a process for manufacturing a sem conductor, and nore specifically, to
“asilicaglass jig that has fine irregularities o xhi bi ts
:little change in a surface state against slight surfaﬂm MmmmmeMm ing, and
to a nethod of manufacturing the B%”E' Background Art ﬂl ss jig
has been used in various processes”“StBhFASOH diffusion process, a vapor
“phase growth process, an etching and ashing processes in mailif'acturing a
sem conduct or device. A surface of the silica g|aSSth? IS SUbJ:aLde}ﬁiSh
treatnments suc a lcast 4 Rdi T g g.to forman o e fi
with irregul ar irgtlggsc?Dx %rqgssﬁfofel?t@g%q g%lm o675 Oﬂﬁ)&lwugﬁcg‘rent G1P|O|n: :EI ng
hat is cal i _ _ :
%hgse finii%gghgbgﬂgg%?ggg?ggg%gnig{ec gégggggﬁg&%gggﬁeggpﬁpéﬁﬁ!6%%, 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. In
a diffusi olgriocessl aniklad vapor phase grow h process, particularly in the

vapor phase growt h
The present invention relates to a silica glass jig used

in a process for manufacturing a semiconductor, 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
finishesareappropriatelyselecteddependingonapplications,
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. In a diffusion process and a vapor

phase growth process, particularly in the vapor phase growth
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*@00002* - 2 process, for exanple, a polysilicon filmis deposited on a
sem conductor device by CVvD (Chem cal Vapor Deposition) or the like.
During the deposition, a polysilicon filmis deposited as a by-product on
a silicaglass jigwith a transparent %igish as well. The polysilicon film
maybe peeled off the silica glass jig to formparticles to contanm nate a
‘sem conductor device. Therefore, it is necessary to periodically remve a
by-product. A solution containing hydrofluoric acid and nitric acid is
typical ly URESFTIFr FIhoRFHP e dyppnsdudicorHdidwer s tleeostnetthosusaf ace of
“the jigis_also etched at the same tinme as the renoval of ;hg by- pr oduct,
t her eby fortihig & ¢ ought sﬁﬁﬁ‘FJa%%.bYHﬁ‘@ i(§hgmacaB EﬁpoirnD_eh_aslalfsniffar:e state
such as a area is changed; the anount of deposition of a _
by- pr oduct Sli%g gjﬁ(aee'nl ucrﬁé\'gggﬁl,ge IR0 A @ lcE’r?l]?’TSlﬁhﬁ@ébrflEm?@ re\?\fthl 8][1
as to be is . changed: and the control of the apount of gro
g pol ysilicon 11 n%l oazs a go '%%%%b%‘f ot” o%\ﬁjcje?%c%]r%%s dH‘T |"t‘:htt}t .a
Alternativ 42 Nas t.ed formfine irregularities on a
surface ongéﬁigiw saﬁgﬁpag%%morangEgﬁ&mﬁﬁiﬁﬁﬁﬁol _tQPV5W£?e%ﬁ#tlpLes
b ositiv tykhng-a =P j irregularities. wever, |
t%i g case, Q%‘i?fng%f ?%é%gﬁt gl%%sﬁ ?é’gé;& qu;fsri ggrré:lgggtst gfeﬁoﬁﬁ?lﬁh@aﬁ%@ from
damaged p%khﬁdﬁ#ﬂhdﬁbﬁidH#KE@ﬁe@hBEQ%B&%,l§¥e&spﬁeghggg%&2%ks formed

during processing of fine irregularities, generating par 8s that

cont am nat @ex iselicadduatedio e \d 8 -gUIRRMEN , A solution containing
hydrofluoric acid and nitric acid is typically used for
removing the by-product. However, the smooth surface of the
Jig is also etched at the same time as the removal of the
by-product, thereby forming a 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
bolysiliconfilmcnlasemiconductordevicebecomesdifficult.
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 inthe irregularities. However, inthis case, fine
fragmentsofsilicaglassarescatteredduringusefromdamaged
parts such as a processed plastic layer or microcracks formed
during processing of fine irregularities, generating
particles that contaminate a semiconductordevice. Moreover,

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

to the difference of thermal expansion between silica glass



when the thickness of a by-product is increased, breakage due to the
di fference of thermal expansion between silica glass - 3 and pol ysilicon
ey occur. In order to prevent the breakage, cleaning by gas etching or
wet etching has been conducted before_ using 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 problem
of sinultaneously etching the surface with fine irregularities, changing
a surface séafd@®oAivid-aEstaybec-pr obllensraee wbpeevedtorhabseaikggaguct or
“device not only in a di ffusi on process and a vapor phase growth process
but al so i nc%l‘ﬁa%%%ﬁibﬂgﬁtsr‘é'é@ﬁéhgQr’ﬁhfalet@bia@Qesibeeracq»m@negedbﬁfW@bch
etching or ashing is conducted utilizing plasm while flow ng a treatnent
gas, a by- p‘ﬁ%ﬂ‘iﬁ%% %9'déﬁﬁé‘??eroﬁtal%inleic@éS@Ira/stojpa;fmqasllpeebm_dveff to
generate pargjq]es. In.s%ﬁgaa case, simlar to CVD or the [ike, it has
been att enpt & H @GR RPN %ﬂ‘IP%Jr%% t@ntges@rf’r%@é @)Dlsg?hafl;agt or
ri ndi ng wor ki ositive capture a, by-product to preven e
generat?on %?ﬁééh%ééfégF i%ﬁt%%?ﬁ ?%?st?%Zango%?%%?;ﬁ P?Ebiemigé fr?gnentﬁ
of silica b | asma urin e from dapmaged parts suc
as a procegése lp%@?@%ﬁ%ggr%%lg)ré %’%lsélgrféa&?sw*g]?#zlﬁ‘edﬁFFﬁﬁubeéEﬁgﬁ?g of
irregul ari td ; rat i icles that contam nate a sem conduct or
devi ge. Pa?ﬁ%%?iﬁ%%%aﬁ%%ng a surface of a silica glass jig has

been al so_ et chedro el i SN YRS STt % Add SAEGh: by dr ogen

fluori de-containing solution. isis a
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.
Insuchacmse,similartoCVDorthelike,ithasbeenattempted
to form fine irregularities on a surface by sandblast or

grinding working topositively 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 plasma
duringusefromdamagedpartssuchaseaprocessedplasticlayer
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.



problemin that a surface state was significantly changed and the contro
of the etching treatnent itself of a sem conductor device becones
difficult. - 4 In order to solve the above-described problens, there have
been proposed a silica glass jig in Mhl%h a jig subjected to mechanical
working is etched by a hydrogen fluoride-containing solution to open

-m crocracks to forma mcrocrack-free surface (Japanese Patent Lai d-Open
No. 10-59744) , and a silica glass jig in which a surface of a silica
~glass jig is made iandggultar sl vieethenabalewdekicngbaddptbbhemsy eahedewi th a
"sol ution containing hydrogen fluoride and ammonium fluoride to form

di npl e- | i kefEPPESS BRIPOFH oAl 2HCa Il BG0J huaim whiobves igf skbperfed to 50
pmin width spaced apart by 20 to 30 pm and also small projections of
from1l to 50 PFFREW R "é%k%fﬁ%rﬁf@ qteked ooym iydedger are unifornly

di spersed b tmeen and within the grooves (Japanese Patent Laid-Open No.
2002- 104843 UMV eTON A ML RY SHE L bR $ESEr MBEFOrEgS kRate @PERd¥ant ages

in actual use. in th t he de eSSI ns_are ¢ d to | e cone-shaped
depressmnsmlcbro?h list of ?Wg ?egs ?&9 C?ngp it of

d t ularities are re ed, enerating
pSEFZh Lng(ﬂ%%ﬁ%¥P;$g§S|%b?§ﬁe l&%%?+%68§f ?S%ﬁgiﬁﬁgf% {+%ﬁ of
t As : I | gat t C|r t ances,
sl g e )t aon.yndes Lkt
surface rO%Q@B%%ﬂ\Mﬂﬂh(%ﬂgéﬁuﬂléﬁicontalnlng hydrogen fluoride and

ammonium fluoride to form dimple-like depressions of from 20

to 300 pm and grooves of from 0.5 to 50 pm in width spaced
apart by 20 to 30 pm, and also small projections of from 1

to 50 pm 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 roughnesé Ra of from 0.1 to 20 um and has a surface
thatexhibitslittlechangejjlasurfacestateégainstslight
surfacelayeretching,péelingofeaby—productandscattering

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



aver age roughness Ra of fromO0.1 to 20 pmand has a surface that exhibits
little change in a surface state against slight surface |ayer etching,
‘peel i ng of a by-product and scattering of fine fragnents of silica gl ass
are elimnated, and a change - 5 in th consunption of a treating gas is
| ow and so the treatnment in each proceSs can be easily controll ed.
-Furthernore, it has also been found that the above-described silica gl ass
jig can be easily manufactured by alternately repeating a specified
_physi cal sukt &Be danaimpieimvarl areaast dnd ga sspediowi atl sherfichteasuefitice
"layer renpval means two or nore tines, leading to the acconplishment of
the inventith. ¥ dHjWASDICAhEPprasddty icwéacilded.-s Forphevindsea &tlica
glass jig i,n which ﬁartugles to contanm nate a sem conductor device are not

gener at ed WiEh 2LHE PG ‘thahéﬁdjﬁ?éQPN@ﬁFesééﬁHﬁﬁi%E%i%®éﬂfﬁ%1jb@
h d if the.ig.l t edl d.  Anot her ject of the present
S S TRl
ica gla u
el at ot o it dhy B EBRE O LRGSR AL AN T Bt Sl

seni conductg;rfgg@rﬁagfé%rkéﬁgpi hdpd tE«BeoP"rdoLr%at%gg? Oi'feia%}igrfﬂfgéltlg% 20 m

irregularities wt nt er I ne aver age roughness

on a part Qfccdigl Hherdturdace,d hafeafs a8 exhibits little change in a
surface state on a slight surface |layer etching treatnent.

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

jig.

Disclosure of the Invention

The present invention relates to a silica glass jig used
in aprocess for manufacturing a semiconductor, characterized
in that the silica glass jig has irreqularities with center
line average roughness Ra of from 0.1 to 20 um on a part or
all of asurface thereof and exhibits little change ina 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



The silica glass jig of the present inventionis a jig used in a process
for manufacturing a sem conductor device, for exanple, a core tube, a

waf er - mounting boat, chanbers for etching and ashing and the like. A part
or-all of a surface 6 of the silica gl§s§ jig has irregularities with
center line average roughness Ra of fromO. 1 to 20 gmand exhibits little
-change in a surface state against a slight surface layer etching

treatment. The degree of change in the surface state after the slight
surface | ayehr rckildd cer edemeni ig has efrereahila5G%e omiltessent el 1heerate of
“change of center |ine average roughness, when the surface is etched with a
hydr of | uor |Q:V%1@<Iﬁ Felugthingss Ra &f doooedt t dtd af prargel ekhibors3]l Ottt De 4. 0% at
a solution erature of from17 to 23C for 15 to 17 hours, and the

et ched swﬂ?ﬂﬁp H“?H%“gﬁq%ﬁEaB%ﬁéﬁénéﬁéﬁl&ﬂ%ﬁéuﬁéaga&ayeﬁQWCMEmgerI|ne

erage ro SS acco to JIS B 0601 by a stylus surface roughness
%asugl ng H%setar%ﬁ‘}?é% hg’\ﬁhgﬁﬁr‘?ﬁe‘)ft‘?}t?réﬁe a}er\PIeu§Uﬁ§§CQnS‘F@b$ f#‘fritﬂﬁaz to 10
m That is,.th ce. of L ass i s changed by act ual etg i ng,
for exanpl@. gtlcﬁwc § 5% (fé’r?ar 8g§glﬁﬁe§%‘?arlt1%eﬁé L5 Eé?f?rF@lew

f the.ch lated to th
|ncrea56d|d}1@§ @?Eh%h@t ggﬁagg ?%ﬁkﬁéﬁ.hﬁggn %ﬁb%déﬁﬁﬂgugﬁb gegr:e

rate of change o cen PTreda ¢
of the changer Bh[eh§u§f'£$@cfs oSS 20 IRGR-LBE LS of; shangs s, 50% or
| ess, the change of remains l[ittle in a usegs  he

concent r at ij@n aOth&@n@Q@\f%ﬂe%ahngegfhf%ﬁg?r‘oféé'ozf 168 a5 W4, | ess
than the above-descri bed range, the etching

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 pm. That is, fhe
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



is not efficient since it takes too much time to provide the change. Wen
the concentration is above the above-described range, the speed of change
in the early stage may be high, reducing the time for determ nation.
‘However, an error will be generated gffej 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
from17 to 23C is enployed since this tenperature range is nost typically
used. Mred&fiqre Heg i ser fare arheteadii nigs tregalt st vt remdb td astlop hour's
"is the tine required for obtaining the rate of change that allows high
accuracy fSItHEEFmi Fagitder | thestempportane afo theehpdsoyenst surf ade
measurenent instrument in which the tip of a stylus has an Rof from2 to
10 m accor diNgtimn S Proddits @8°EHe ampdavederinad thhe adgveratases i bed
rate of change. .The reason why the above-described stylus surface

measur ementt §1EE eS| r‘FXHrﬁ‘iar};lltyhélstequ of a stylus has anf R oflfrom|2 to
10 mis used w || be_descrjbed, bel ow. The yrface state of a silica glass
jigis signifi cgﬁtrfeﬁ"c?ﬁan%a gﬂﬂ?i_fg‘bre?dl&flc 98 Eﬁsﬁﬁ@eéﬁcﬁfnﬁiw@a& ment
such that m_cnrec isting.in the surface in the jnitial stage are

enl ar ged byreot r%g/ é?%ﬁ%ngét rﬂe]gt ?’%rﬁl? 5?q'tlﬁéegg pe %&?t?%lnirt?}é%maat}i tcifets vat h
i ndented n h f.a r y e etching tr ment .
non-contac?§%£§$igﬁgﬁt%l?g&s gggﬁp?%?ng%g'ng ?u%%ﬁ?r%%? l%“reﬁﬁééﬁ%d li ght

of laser, GaportANteebl ¥s8RAXHA UNGueeALe mbhBErBYEL RIE, SOHMGNESS

cal cul at ed
which the tip of a stylus has an R of from 2 to 10 pm 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 pm 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
irregularitieswithindentednoﬁchesonthesurfacearechanged
by the etching treatment. A non-contact instrument, for
example, an instrument using a reflected light of laser, can
- correctlymeasure thecenter line average roughness calculated
fromthemeasured shape. However, itisdifficulttodetermine
a significant change of state by which the treatment conditions
shouldbe changed during use, since the non-contact instrument
detects narrow valleys as well that will soon be buried by
aby-product while the jigisused. Useofameasurement method

using the stylus surface measurement instrument allows easily



fromthe measured shape. However, it is difficult to determne a
significant change of state by which the treatnent conditions should be
‘changed during use, since the non-contact instrunent detects narrow

vall eys as well that will soon be buried by a by-product while the jig is
used. Use of a neasurenment nethod wusing the stylus surface neasurenent
-instrunent allows easily - 8 <capturing the change in projections, and
especially in valleys that are sensitive to a situation of by-product
deposi ti on.CaAHEr 11 tHR FHRNGR N pF HEstdenR oind pepe2ikdly0mvasldescri bed
“above. This_range spans from 2 mwhere narrow valleys are not detected to
10 m where %@%%gﬁﬁi?&PSPFHQ§UF8r?t§¥%P%ﬁﬂPn19§ B¥terafned. dappsitaoge can

easily measiﬂe t.he %h nge in the surface state corresponding to that in
the actual U¥er e SivGYdayhassa} ifyof st aem Fatpyl @gbr ast hesamboed of a

by- pr oduct tbo be cafglt.ur ed nust be aEPr opriate depending on the process to
be used. FSt°ekanpl'éts A3HE EREBSoF L Rer WDWhSESCBIEIOFoUghéRY AR EdIe

surface of j | ows excessive as fromthe filmgrowmh on a wafer
to be capt ur%lejcg daent C?eepogsﬁot 33) KW errﬁggsgﬂ%gh‘%ﬁohrWl‘éu%ﬂ’rEhe@I%1%% jig as
a by-produgy :idy thepcas t .at chi rocess | asma or
the 1|ike, reoggeﬁlee%?{ﬁge{ahe S}l}??agaé&g? ‘%fé%]ra:/sgﬁa%&%%“%er gggt?%%n(g%sln from
§1e silica

the et chingHe e feat wied A eRPSHHEH f@oathQEQ%_ @HQ(‘#‘&%QP Jde

glass jig as a by-product. If the anount "o deposition e by-product
is too large, theegas $0ridIgTag jagf ibmeua mafeled,s thedigsdnt @2 | evel

that is excessively low, inhibiting the growh of the filmor etching. On

t he a by-product 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 film growth 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 ina 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

irregularitiesonasurfaceofasilicaglass jigmaybe sawlike

irregularities, or notches in which irregular, acute peaks



other hand, if the anount 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 fromthe initial state by etching when
the jig is used, which proposes a sim]ar problemas described above. The
irregularities on a surface of a silica’glass jig mybe saw i ke
sirregularities, or notches in which irregular, acute peaks - 9 and valleys
are contiguously formed, or a series of projections of a trapezoidal
shape. Al aofd vakteys mregubetridu@ss iy Fbrivdmorcapeshapest proegut Bsméi es
"with sharp edges by the etching treatment during actual use, and the
capabi | i ty abbadampezidalbyhppedudilland ttHesd i keepil hrbeieharigddform
significantly from the initial state. Mreover, when cup-shaped
i rregul ari t3%s shiared iy yaom ties iwi th asshatmtelgeheocapabidtidlying
capture a by-product will be too snall for the actual use as the surface
area i s snmdlieat@anta BHdmMy g@tuadt usike eagetbf capakbipithape captirde
dr opped off ho generate particles. Therefore, the silica glass jig of the
present i neRYBROANSTa2Re Rk & It Hill b glnasged 839 ficantby1fx@n 20 m
with center_line.average K roughness Ra fornmed on a part or all thereof. The
presence df' hlélﬁ?ig%adtﬁ'ti STERNSLe RN FURASNEPEC TPt kAt iehd can
suppress t ing of a film .Preferably, the aboye-described
irregul ari %&gg%ﬁgbgga&%It[hlepll@lgtllgt}c?g?gg(:o%(? SEPRYLIF Iyaﬁﬁecapture
irregularitjgs_ I : GiPr d I Qns d on the
surface ther%%fﬁPg%%+2%ﬁﬁﬁp?%Fg%;trué?g§g%%§%§§é§%$g%%é%%%bgﬁﬁxﬁ & ©
by-product 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 um 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 irreqularitiesand fine
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, a jigwith a 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



of " a necessary thickness by large wavy irregularities that are insensitive
to slight etching. Furthernore, fine shallow cup-shaped irregularities
formed on the large wavy irregularities can fix the captured by-product

wi t hout peeling. Thus, a jig with a §ti | e surface can be obtained. Mst
desirably, the shall ow cup-shaped depression has a snmaller bottom depth
-than the edge-level dianeter thereof and the edge at the boundary of

adj acent 10 depressions is not acutely convex. Even if the depression is
et ched duridrpusssidre M gigli tarudfe lyheoadge .i sEequalfyterdepoesstore to the
"above structure, and projected edge that is acute and may be easily fallen
of f can be igr e¢eheddiuy ingnusgecine ivig ipdthyeeh tddj adentisemueddiyomsrn The
silica glass jig of the present invention can be manufactured by

repeat edl y APpldHend Ca thisy siveae strigtarrayapd peaboarerdeadgeabdat theni cal
surface | ayer regg*gl nmeans alternately twice or nore. A treatnent

condi ti on Y& EaRS St dRiiem dhdian e vitks eentrd shfdmce
roughness forned by .the physical surface | ayer renoval neans is
successivel%?céﬁﬁ“e@/.b%eepedﬁﬁfglaﬁb i%’é?f ¥l surf ace |ayer renoval
means incIudesTﬁegrEEd%ng treatngnt ﬁﬁ%B'a bonde%vabras%ve grainb
grindstone, a poltTshing fr AeHent 1% £ &e PA6P&E - e "YFAITET 2 pP4st
treat ment r %_]%Qg [ ' t to .t Li.quid ni ng or
combi nat i o\ﬁdsatn{]uh%rcgto : gchl/%%%%%]fy taﬁglglggléggm brlacks}jllvghgr%gf:ﬁ gar¥endst one
includes a &%) /a10aRd A 3RNY chemical surface layer removal means
alternately twice or more. A treatment condition to be
preferablyselectediseaconditionwherethésurfaceroughness

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

.bondedabrasivegraingrindstoneincludesaresinbonddiamond
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. Inaddition, heterogeneouserosion

occurs during an etching treatment process, leading to



grindstone and the like; the free abrasive grain includes silica and SiC
and the treatnent with liquid honing includes a treatnment in which the
free abrasives are dispersed in a liquid for spraying. This physical
surface | ayer renoval neans forns a_d?gpge | ayer such as a processed
plastic layer and mcrocracks on a surface of a silica glass, which causes
.generation of particles by scattering fine fragments of silica glass when
the jig is used. In addition, heterogeneous erosion occurs during an

et ching treaumitiqr orfesdeep eqdbarges odue 1o frpemfeon ofedeep gf ooves due
“to inperfect opening of mcrocracks and a significant change in the
surface stéﬁ%?roqmﬁéi iand @ pdgadddropnto chhagge inr ehementfeoadstaoas for a

CVD process, an etching process and the |ike. However, application of a
chemi cal J#F“%cé¢1éfbpeﬁ€§§@éw ﬁ@aﬁ@aﬂéﬁl6ﬁﬁﬁ§meﬂﬁecabdvélaéscf@be@
physi cal fee | ayer reanaI means allows renoval of the processed
pl astic | a;}u{ar Co%se% CHINE R RIARY theiuki Ry t HOw§eearat i on of

particles %.d t.he chan n_t.he .surface state. i f_the amount of

the surfac H%%ﬁﬁtlon géﬁﬁ?ﬁﬁ%&%ﬁ@ a a¥ﬁFF&@Qvﬁiﬁgﬁqﬁﬁﬁﬂ%ﬂWlﬁ%?nshls

1, th S r and t he penln of the
rsnrrgr ocracEsrw not e su |cﬁ§§fsdl@4£% rfa el Hand; 1Y t enpt ed
to sufficientlyyd eBR¥Ga1t BE g8 Jed%Rl 99{;@&9@@%%@8{383%3 f astic

| ayer and m crocracks formed by the physical sur I"ayer” reno nmeans,

| arge groowes Iaﬂ@rgépaélagf%ducﬁ@f»thé%Mﬁé?lﬁ&i’&ltég aﬁBaJrPe

peri pheral edges wl| ornmed in |arge nunbers
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 proceséed 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.
Fineglassfragmentsarelikelytobescatteredespecially
from sharp parts at peripheral edges. There is a treatment
method described in Japanese Patent Laid-Open No. 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
duringtheetchingtreatmentvériessignificantly. Further,-

whenetchingproceedsduringactual use, numbers of depressions



Fine glass fragnents are likely to be scattered especially from sharp
parts at peripheral edges. There is a treatment nethod described in
‘Japanese Patent Lai d-Open No. 2002-104843 as a treatnment method in which
depressions with the above-descri bed_sﬁgrg edges are not fornmed. However,
the nmethod described in the patent canfiot renpve the damage |ayer such as
-a processed plastic layer and mcrocracks forned by the physical surface
| ayer renoval nmeans and the surface state during the etching treatnent
vari es sigiifitcaiftase mRirigieral wigeetats nipprateeftsc duit agiagt ual use,
"nunbers of depressions 12 with sharp peripheral edges are fornmed,
facilitati fnegererat iYh RArtparkexd es. In the manufacturing method of the
present invention, the chenical surface |ayer renoval neans after the
first physical {8uFPgcBapafertreiByarerbadsof obhe Rresefacenvenwhich

m crocracks.on the surface are gpened, for exanple, a surface in which
there are %Lﬂ%é:la‘se“&fc%vaq d B e dieans aefier ithestirRien, the

barts (n t LY Rrdg RR P ET ey BT Tehapetis EGRRor O Aqnancrteiroal
ayer rematmchs ar s Atk el PR e Prase st Sl e e tate o

| ayer romounl "naens heg® SnSr Minbe e MR ISR 05 e
repeat edl y iapeljuad rialies’.natBLY, t ¥hEepRY s TBLE: sTRESCRY 94LE8S ansikica ol ass

ah means is applied again to convert the acute parts in the
irregularities to wavy shapes. Furthermore, the chemical
surfacelayerremovalmeansisappliedagaintoopenaprocessed
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



in which the change of a surface state of the jig during use is small.
More preferably, the above-described physical surface |ayer renpval neans
‘is selected such that the surface roughness provided by the next physical
surface |l ayer renoval neans is smaller than that provided by the previous
physi cal surface layer renpval neans. 1Phas, the next chemical surface

.l ayer renoval neans can easily open only the damage and m crocracks forned
by the final application of the physical surface |ayer renoval neans

W t hout si g filgartUnfehRarg Ngrgehaashaperefuabieady st aAEde | A6 AR yaAVY
“irregularities, as well as a multiple structure with nunbers of cup-shaped
depr essi onsFdiBexampllbe surdsices giraliasgei thawyré Iatep By iltirgs san: he1 d or med.
For exanple, abrasive grains with a relatively large particle size are
used first,siznl sy asiede fgraitns awidt hbaasélbat gveliys sighlapaslacl e by ze are
used as the next renoval neans. In this case, there may be adopted a

conbi nat i orfT5TL L fpa r¥Hypdicc gl zesarfaeeed a3t heemewdl remans li meahsch Ime
grinding treatnent wth a bonded abrasive grain grindstone is conbined
with the fAIGRAG  potFShiey PedqRifd @i ¢ombiret bor & VBegrhisiscaFor
exanmpl e, a bonded abrasive grain grindstone conprising a dianond abrasive
grai ns of #BFIE FYst H@@gf’aérfﬂe%rh%rﬂ-rhWhé&ﬁdgﬁas‘ﬂr%@‘éh@%e?ﬁe%m%t& C free

abr a1 ve SRR o 88 e 0B b0 The SR, Sutpce Lavel el

fluoride- C%lalior\]fjir}% 581&'&1‘19&'@] tlgre%ft%lé%l%l vyitﬁ ?%egg%rgacsailve grains. For
example, a bonded abrasive grain gfindstone 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 occur at theprojections, orthecrystals

that have absorbed the projections immediately leave the



surface |l ayer renoval neans after the |ast physical surface |ayer renoval
means$ further contains ammonium fluoride in the above-described solution.
‘Al t hough a mechanismis not clear, this allows to renmove, for exanple,
sharp projections created on peri pheril edges of cup-shaped or bow -shaped
depressions formed by the chem cal su flace | ayer renoval neans and ot her
-acute projections, formng a surface wwth snooth irregularities. This is
assunmed that the crystals formed by the reaction of hydrogen fluoride and
ammoni um f IRoy] elet W, sidulcairof tien sedewrt i vkoetekanpl endatemdea bas £ om of

" cup-shaped depressions and do not occur at the projections, or the
crystals tiHe daiedbsorbdd thvemprojrechidoabapaneithvet yadeaw epdttes 14
projections, resulting in selective etching and renoval of the projections
to form a rHERIPSRdSE akilvhobinaa®et akes withbe o prisferalsliye bEnergarticl es
with a particle size of from 10 to 200 m of any one selected fromthe
group consist ity 206k g edsipny snki ealanatied feemnilte @rowp cows mtiron

thereof are dizpersed Eg,the above-descri bed hydrogen fl uori de-containi ng
sol ution. B gerdiing &3 PRE 2pSPEPBRLES, OFhe PEgfertisr e ur f ace

of 219 A b reter e CoRRbIfLLY o JoUm Tine irregular i1 es
ei 11 ot oncy a THE L rontin e AL PRog P8 henE T EBR 1 nventi on
generates J/Wipardd ckes &Qﬁggér@a}éﬂ drS 2US@Pra A0 £ raeﬁ‘EHEé‘én Ce%rgjliltyi ons
be removed; the capability to form fine irreqularities 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 chahged 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;



are not al nost changed even if the jig is repeatedly used. Thus, it is
effective in allowing a treatnent of high quality semniconductors with
'stability. Mreover, the above-described silica glass jig can be easily
manuf actured by repeatedly applying_algpgcific physi cal surface |ayer
removal means and chem cal surface |ayér removal neans twice or nore, and
-the industrial value thereof is high. Brief Description of the Draw ngs
Figure 1 is a photograph of 500 magnifications of the surface of the jig
for dry etchingFFHUEﬁaEpFé Q_Eb@b®9§dpby0fa5®®dmuwmﬁnxa;}dﬁb ¢ gihee 2 is a
" phot ograph of 500 magnifications of the surface of the jig for dry etching
i n Exanpl e SEIIFSEr 94dCh§ JaInt @F chobsd dtiner inhBxpmgleslioimee et ity
hydr of l uoric_acid of 3.§96by mass, for 16 hours; Figure 3 is a photograph
of 500 magfi FrEAPPGRESoRIERE ERGrFift d Sof MugE SERgLR oty 9L beehi agdid Exanpl e

1 observed hy .s¢cannin ectron mcroscope; Figure 4 is a photograph of
200 naghifP?a?F%ﬁs 8?“?ﬁ% %&ﬁfé@ DS S’n Exanpl e 2 observed by a scanning

e e, enePERRE: TS i R0 SR e b BB e o o
S SHREPLRLE D Ly 20 T EEGeLPTR elokife 1USLoRRL
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 magnificafions 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 tothe etchingtestwithahydrofluoricacidsolution
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 withahydrofluoricacid solutioﬁ
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



subj ected to the etching test with a hydrofluoric acid solution of 3.5% at
20C for 16 hours; Figure 7 is a photograph of 1,000 nagnifications of the
‘waf er boat in Exanple 2 observed by SEM after the boat is subjected to the
etching test with a hydrofluoric acid slﬁlaution of 3.5%at 20C for 16
hours; Figure 8 is a photograph of 200 gnifications of the wafer boat in
.Conparative Exanple 2 observed by SEM Figure 9 is a photograph of 1,000
magni fi cati ons of the wafer boat in Conparative Exanple 2 observed by SEM
Figure 10 ibkvat phatuyreaptedf o200 raghiihigcat s oms tafa hivelrofafer ileoatid n

" Conpar ative Exanple 2 observed by SEM after the 16 boat is subjected to

t he etchi ngalastiong tdf a3 Wfdraf |20 coacilé hsolrut:i andof 3.5% at 20C for 16
hours; and Figure 11 is_a photograph of 1, 000 rmagnifications of .the wafer

boat in Conpar af AP& Ex ahpl e 2P b XaRh B SR Gmasm itfiea ticats p§ Subj ect ed
to the etchi gt%ﬁt\ESt w th a hydrafl ur(:)ric sialcid solution of 3.5%at 20C for
16 hours. B& qati oy 9Ty VEUE* R L £ i BREESH eRERY SEhefpreseir

i nvention wll cribe i.th eference to.Exanpl es, but the present

i nventi on ;Msoar}cogglSﬂl%)s]tereddpecfﬁgrte}}eo?EFh&flaeqh s Y’ﬁi%t"ﬂgyg@ﬁﬁi‘lof‘?ﬁ@ rage
roughness i.n the | Qwi | e and Conparative Exanple 1 was
measured wit ldécqsol?r i?’rsg’u&@geggsépggferlw( gﬁPFEom 300B available from
Tokyo Seimtsu Co., Ltd.). In other Exanples and the |like, a surface

roughness tester available from
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 uym. 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 pum. 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 pm. The resulting jig was



M't ut oyo Corporation (SJ-400) was used. Exanple 1 A surface of a silica
glass with a dianeter of 300 nm was ground with a resin bond grindstone
‘contai ning dianond abrasive grains of #300 to prepare a disc-formjig for
dry etching. The resulting jig had a center |ine average roughness Ra of
1.2 pm The jig was inmersed in a hydr&fluorlc acid solution of 50%for 10
-mnutes. The resulting jig had a center |ine average roughness Ra of 2.8
pm Successively, the jig was subjected to surface renoval by a resin bond
gri ndst one fudriyos éd ceft &8l @ialr asilieudtiaicbssobt#hg00@ 163 Cheatesa sent er
“line average roughness Ra of 0.5 pm The resulting jig was 17 further
treated w thydrddejuifd ueaisiest LAg by MH9% wf mesenolm hydoeogda, f$uprdyde, 15%
by mass of amoni um fluoride, 50% by nass of acetic acid and water for 1
hour, obt aiffiSfgC4 2enter a¢4<ﬁ1@r¥§i/é’|aégé foughhesy ,Rabbhinhidgna CHreer:

above descrlbed jig was imersed in a hydrofluoric acid solution of 3.5%
by mass atl PG EAHAER HAYENGDT Reef dhdnge. ofThRaabThe-desabibées jasy shown

in Table 1. A ghoto aph of _the sirface at .zero hour observed by a
m cr oscope "i°§ H gubydfet HéPrércp%f-Bg?%]pLhtlQﬂ Athé - SErbhac@ssfter the

etching tre t of 16 hqurs bserved a mcroscope is shown in Figure
2. Further é (%8§eF9@ddB§ e k- ngT PeEeFBAt MT@Gscope at

zero hour h i gur ti a ilica.glass jig
simlar tosﬁﬁé"?l ?ﬁmTE%‘(glng 1’8 EI\Z\ h EQ{?%%&)% onet?e( gBr?ace aé ze & HF

observed by amicroscope is shown in Figure 1; and a photograph
of the surface after the etching treatment of 16 hours observed
byamicroscopeisshowninFigure2. Furthermore, aphotograph
observed 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 hydfofluoric
acid of 3.5% by mass in the same manner as in Example 1. The

result is as shown in Table 1.



wi'th a resin bond grindstone containing dianond abrasive grains of #300 to
prepare a disc-formjig for dry etching. The resulting jig had a center
‘l'ine average roughness Ra of 1.2 M The jig was then imersed in a

hydrof | uoric acid solution of 10%for_10 m nutes, obtaining Ra of 1.3 gm
The jig was exam ned for the change’i h8sir f ace roughness by hydrofluoric
.acid of 3.5% by mass in the sane nanner 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 m
1.8m 1. 9m I TnleEXdanpl e 1 Rate of 0% 29% 36% 36% change Ra 1.3m 1.9m 2. 8m

*3.3m CD”FaIaLIvc anﬁﬁuc 1 Rate—of—0% /aw 11504-130% change -As_shaown i n

Table 1 above, the silica glass jig of t O‘ﬁ)rr -4 BREZT hESRET B PhoER SNl e 1
exhi bi t ed fan—extrenety—smraHer—=e aﬁ e—irf—the uch—as| Ra
than that |in Conparative E>arrp|eal | n|thé 4t
hydr of | uoffi ¢ aci’d" Eo‘fu]tlon BTa% Py ess:
Conpar ati ye Exanple 1 were act&@fn! used n a

of 2 kw with—a CF4fA—gas. Jhe JTg | romreExanpte—i—was
treat ment | ebn5.RAtGhesanghd|it Was obser \%g “'h %'Jg‘”“ 2.
1 Rate of 0% 463 115% 130%
change
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As shown in Table 1 above, the silica glass jig of the
present invention in Example 1 exhibited an extremely smaller
change in the surface states such as Rathan that in Comparative
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 CF4/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
the 3rdbatch, and the use of the jig was suspended. Moreover,
the Ra after use was 2 um for the jig from Example 1 and 5.2
pum for the jig from Comparative Example 1. This result showé
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



géneration of particles for each batch was below 10 in nunber.- On the

ot her hand, the jig from Conparative Exanple 1 showed generation of a
‘l'arge nunber of particles of 50 or nore at the 3rd batch, and the use of
the jig was suspended. Mreover, the Ra after use was 2 mfor the jig from
Exanple 1 and 5.2 mfor the jig from Conparative Exanple 1. This result
.shows a large difference simlar to that in the etching test with a
hydrof l uoric acid solution of 3.5% by mass. In addition, the etching rate
of a treated wafefSWakCEbHBAREPIGE ReHaPAE Phes drzavih ¢:©3neﬁpzan@tleg_l_ and
“the 3rd bat hfro Co artlve It was observed that the jig
from Corrpart; iVE I%)?é’%lwé frsﬂgvxgggggq‘o%/ﬁardlraé&eéec%a’ﬁst REEPRrE6h- EXBhel e 1.

Ex le 2 V. fer b at f or_vapar. phas rowt h correspondi ng

toagpa | i C(j)asr;lo?/\‘lﬁéf gés Iclirgeoa,\?ndﬂ ]fenr (et S V\‘g jp$ c? 180 al'h%an%]o@/%t descri bed

waf er boat was: ithieciath to B SN Astae td nt wih sil Pl ar bi de
ment. W th & h

abrasi ve grains of #150, followe y atrea oric acid

sol ution offoliRMddby28 tHdHtnesH@aRd thup they c?ﬁdéé%’? gg:édaeéilﬂ\%gl ﬁro%oat

treatment wth silicon carbide abrasive grains

was successliSsef yr Roedred o8 d1id ﬂuktﬁlé!t:dfo(lqw&fb}ng s A %Y r
hydr ogen fluoride, 12% by mass of ammoni um fl uori de and water or 1 hour.

The surface/idh sheicesuldrnigiavabenshoatgramss piFot 6go aphed QXfér%‘c?gmi ng
el ectron mcroscope (SEM. The results are shown in Figures 4 and 5. The
waf er boat Wagdsaccsgsfizeéyr bughhedswiofh 2 1iguiwi tbnshetcegqt ef 149esaver age

surface , .
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 end 5. The wafer boat had a

surface roughnessof 2.1 umwith the center 1line 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
slightlywiderdepressionsof alarger-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



roughness Ra. As shown in Figures 4 and 5, there was observed a nultiple
structure in which shallow depressions are forned on the surface of |arge
‘wavy irregularities. The above-described wafer boat was subjected to the
etching test wth a hydrofluoric acid solution of 3.5%at 20C for 16
hours.  Photographs of the surface of #fe ~waf er boat after the test taken
.by SEM are shown in Figures 6 and 7. A nultiple structure was still '
observed, in which there were reduced nunbers of slightly w der

depr essi onsl dfowr Warsgeepthandbeft Bies warhesbBapeace Thet &2 e HS at RFE Was
2.1 m Furthernore, the above-described wafer boat was used in the actual
vapor  phaseof gz oM mprocess of silicon nitride to deposit a filmof 2 m
At every cunul ative deposition in the above-described growth process,

cl eani ng wi ¢ompahgdi ot | ivamelac? d sol ution of 4% for 20 1 hour was
repeated 5 tinmes. The surface after use had a Ra of 2.5 m Conparative
Exanpl e 2 The wafe& vpbar 2qaf pamilartttathph ExEnpmple hwesssphiecedd to a
sandbl ast treatnment with silicon carbide abra5| ve grains of #150, f

ol l oved by ‘& Satiibtakd st FE&AHERP bt H SHILEER %aarfkb}%%abéﬁrsaérev%r@%rais ns of

#600. Ne ted wth dr of | d sol ut f 10%

for 1 hour ofrResBodeddeve t%?ﬁ% Aty %%t%ré’er %gi%ﬁ\ﬁ&?w%f%%?%ﬁn%g by 2
i h Fj
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roughness R, ®fo 21\ %M c T%@%W%ﬂ%crdqu(ésv@gﬁrl 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 pum. 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 mannef
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 hourwas répeatedly performed 5 times.
The surface after use had an Ra of 5.1 pum. 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.



boat was subjected to the etching test with a hydrofluoric acid solution
of 3.5% at 20C for 16 hours in the same manner as in Exanple 2.

‘Phot ogr aphs of the surface of the wafer boat after the test taken by SEM
are shown in Figures 10 and 11. This égrf_ace, whi ch was significantly
different fromthe surface in Figure in which [ arge depressions with
.acute edges are contiguously formed, had an Ra of 4.8 gm Furthernore,

t he above-descri bed wafer boat was used in the actual vapor phase growth
process of silicon nitride. At every cunulative deposition of a filmof 2
"gm cleaning with a hydrofluoric acid solution of 4% for 1 hour was
repeatedly ] nied Banliesbilite surface after use had an Ra of 5. 1 m
Moreover, the film thickness growi ng on the wafer suddenly decreased since
the 3rd time, aR6 $héifAcdbase b9 pdr tihel Bsesanthenveehied dpgemotas
observed. - 21 - Industrial Applicabi]ity The sjlica glass jig of the
present i nPERETET SRS Ho eséj@n‘é?%’i%mp%\‘?{‘? 8| N P RGHE &P AgVACg when

sem condu’c&f%rg devi ce vvhecp is used.and treat nent conditions need
g

il
not be changéd)*dven 1%° _ﬁ‘@‘tdj Eﬁ%%gm?gbe%?'é%ﬁ WS ECohBrEFBE ML 1 ca
glass jig %fveﬁmhgtfB"tﬁ%e%H;r}%e%bggtgéﬁgbﬁsgé?gn fe;rgcii?'%e’e,l ;t}}??‘ﬁsgi_, ig%eat ube,

a waf er-nmountin oaf, -C ersTfor etchrn

plate. 22 4 1QLAI Vo, éf'tﬁesﬁkégéngl§§§e££QOHS€£hi6Eé%é%é”é%%%éégﬁely

manuf act uri'ng
as a core tube, a wafer-mounting boat, chambers for etching

and ashing, a ring, and a plate.



a ‘semi conductor, characterized in that the silica glass jig has
irregularities with center |ine average roughness Ra of fromO0.1 to 20 m
'on a part or all of a surface thereof and exhibits little change in a
surface state on a slight surface Iaygr etching treatnent. 2. The silica
glass jig according to claim1, charac érfzed in that the slight surface
-layer etching is etching a part or all of the surface with an aqueous
hydrogen fluoride solution in a concentration range of from3.0 to 4.0% at
a solution tenperature of from 17 tOLRB&sfor 15 to 17 hours and when the
"etched surface and the surface before etching are neasured for center |ine
aver age roughness Ra according to JIS B 0601 by a stylus surface roughness
measuring instrument in which the tip of a stylus has an Rof from2 to 10
m the degrlee &f sthafiged}as$ Hil & wsegc dnse apeoad 3 erf Qthaagivfgint wuinface

| ayer etching is 50%or less with the rate of change of center |ine

aver age rofgRABLEONSUCERE, sFRREACHPEEEST il 40&0r 8PBgSibleragaas i,
characterized i.n_tha roughness canprisin [ ularities of Ra

é a.total np irre
fromo. 1 t 5350 AT BPRLEAL EaR S hab COT S T Bt 2HeSapeateusanesnthaldted by a
mul tipl t t d fol i | iti d fi hal |
cup- shaped  "@lipPeds Bne0 PrBSUhE 67 TheToalFach 4 MTEACe WAt Shh -
cup- shaped dgniasSl o0 Nag d off faplh AIBLLSE - 10D S1PoRe s 40 evel

and the edge t” acutely

di anmeter thereo n etween the "déepressions 1s°no
convex. layer etching treatment.
2. The silica glass jig according to claim 1, characterized

in that the slight surface layer etching is etching a part
orall of thesurfacewithanaqueous 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 when
theetchedsurfaceandthesurfacebeforeetchingaren@asured
for center line average roughness Ra 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 pm, the degree
of change in the surface state after the slight surface layer
etching is 50% or less with the rate of change of center line
average roughness.

3. The silica glass jig according to claim 1 or 2,
characterized in that a total roughness comprising
irregularities of Ra from 0.1 to 20 um present on a part of
all of a surfaceis controlledbyamultiple structure composed
of large wavy irregularities and fine shallow cup-shaped
depressions present on the surface thereof, wherein said

cup-shaped depression has a bottom depth smaller than the



4. A nethod of manufacturing a silica glass jig, characterized by _
repeatedly applying a physical surface |ayer renoval means and a chem cal
'surface layer renoval neans onto a surface of a silica glass alternately
twrce or nore. 5. The nethod of manuf_aczt uring a silica glass jig according
to claim4, characterized in that surf a30e irregularities forned by a
-subsequent application of the physical surface layer renoval neans are
successively smaller than those formed by the preceding application of

sai d renmpvafdgieahaveb. dimee her hoke beo fremud acheredge dstbéen ghass jig
“accordi ng oclaim5, wherein irregularities with a roughness of Rain a
range from®FRAIES 20 p? Rehtaontal pagenvexall of a surface are formed by

using a physical, surface |ayer renoval neans capable of form ng a rough
surfgce, fo 1ow@d”}%}*é°d§t?efﬁi“@dlufaﬁﬁ‘%‘rdd@ |2ayFdrl iIc@msials smedgs to form a

f it rge irregularities that haye a roughness equivalent to said
SR;r g(r:el \z,imr gée})r%raaa(%caelbﬁ/z?ngé’alief%egats‘iﬁlcyeggij (‘élWé‘a@%ﬁ%%a%éhlﬁgiaﬁen@}’%f

hysical s I r a ca le of formn fi ner roughness
thn sai d lI'«gaéc ol %\%gésb‘g@\éc%}égnggg lssuusrf?;lacce(e 9?5‘57&’: f T“fﬁﬁélrf_%“tt% ;o][ ma
control | ed sufacg.Of A 4l o o d.of a plura 1 ty o i ne
cup- shaped depressi onos oa[r’lmga:L slur%ea%%#t%]ﬂ{e:ﬁngae v;e/t“flrcreegf a9%Ses. 7. The

met hod of mANUf @BkUid NGA oF hkSar LSS hi G §§Ef9é§“gr1%sstiil§|aa<jégrﬂain5 or 6,
characterized in that the physical surface Iayer Tenov means COrnpri ses

any one seltectldlin 4 prhthe c@eeuR eddin €RASEEFFAGe A ra (@ hRdk R stFRAlENt Wi th

a bonded abrasive grain |
by a subsequent application of the physical surface layer
removal means are successively smaller than those formed by
the preceding application of said removal means.
6. The method of m.anufacturing a silica glass jig according
to claim 5, wherein irregularities with a roughness of Ra in
a range from 0.1 to 20 pum present on a part or all of a surface
are formed by using a physical surface layer removal means
capable of forming a rough surface, followed by a chemical
surface layer removal means fo form a surface with large
irregularities that have a roughness equivalent to said Ra
or larger; and by repeating successive treatments comprising
a physical surface layer removal means capable of forming a
finer roughness than said Ra, .followed by a chemical surface
layer removal means to form a controlled surface of a multiple
structure composed of a plurality of fine cup-shaped
depressions on a surface with large wavy irregularities.
7. The method of manufacturing a silica glass jig according
toclaim4, 5or 6, characterized in that the physical surface

layer removal means comprises any one selected from the group



grindstone, a polishing treatnment with free abrasive grains, a blast

treatnment with free abrasive grains, a treatnment with |iquid honing and a
‘conbi nation thereof. 8. The nmethod of manufacturing a silica glass jig
according to claim®6, characterized in that the chem cal surface |ayer

removal nmeans is a treatment by a solu ‘o cont ai ni ng hydrogen fluoride.
.9. The nethod of manufacturing a silica glass jig according to claim6 or
8, characterized in that the chem cal surface |[|ayer renoval neans after
the final appldicatironodf ¢hnguhysteabtment fvdae 4 Bpatetenmmal i vegnsins a
“treatment by a solution containing hydrogen fluoride and ammoni um
fluoride. Xxirfeansthedoof isming dotewtimegtawst hifteegbbssasjivg aceongi ng to
claim6 or 8, characterized in that at |east one of the chem cal surface

| ayer renovabPlapdhnsreateent edthehredplaasiyilr ogehns| voitirdetoentaining
solution dispersing fine particles with a particle size of from10 to 200 m
of any ond B igtteniMbmthe G enastihirrestfa resin, silica and a

Cor A ¢ Tk e oL Rodloctunt 1g.3 o1l oa glass g according. Lo,

further am%:loi EQa:aL‘Int g’r cthhaeracc eenriiczaeld Silrjlrwf:ﬁgg t}{ea%%remri%%qvglllr aggsl'ayer
removal means is a treatment by a solution containing hydrogen
fluoride.
9. The method of manufacturing a silica glass jig according
to claim 6 or 8, characterized in that the chemical surface
layerremovalmeansafterthefinalapplicatiqnofthephysical
surface layer removal means is a treatment by a solution
containing hydrogen fluoride and ammonium fluoride.
10. The method of manufacturing a silica glass jig according
to claim 6 or 8, characterized in that at least one of the
chemical surface layer removal means is a treatment by a
hydrogen fluoride-containing solution dispersing fine
particles with a particle size of from 10 to 200 pm of any
one selected from the group consisting of a resin, silica and
a ceramic.
11. The method of manufacturing a silica glass jig according
to claim 10, characterized in that ultrasonic vibration or
agitation means is further applied after the chemical surface

layer removal means.



