,e3e($3% @'\ (6(T(*h *- 1 DESCRIPTION SILICA GLASS JI G USED I N PROCESS FOR
MANUFACTURI NG 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
arprocess for manufacturing a sem condyctor, and nore 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, and
to a method of manufacturing the sane Bac%ggound Art Asilicaglass jig
has been used in various processe di ffusion process, a vapor
phase growth process, an etching and ashing processes in manufacturing a
sem conduct or device. A surface of the silica glass jig is subjected to

b e s o R AR 85k aTosh ) PRRELY) ?@#lﬁaﬁﬁﬁﬂasﬁgazﬂgzrmz g
that is cakkpdcBakechbri ﬁNb”ﬂE'FﬁoBO Wﬁﬁt@%}%’%@g}%ﬁﬁetéfﬂf@ﬁr%% Ons

These finishes are appropriately selected I'ng on appli and
the jigs frequently used are those having a surface that is fini shed as a
transparent surface that is easy in cleaning and is hardly get spoiled. In
a diffusi omephaéess #ndla vapor phase growth process, particularly in the
vapor phase growth - 2
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
subjected to treatments such as sandblast and grinding working
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 selecteddependingonapplications,
and the jigs fregquently 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



process, for exanple, a polysilicon filmis deposited on a sem conductor
devi ce by CvD (Chem cal Vapor Deposition) or the like. During the
deposition, a polysilicon filmis deposited as a by-product on a silica
glrass jig with a transparent finish asowell. The polysilicon filmmy be
peel ed off the silica glass jig to formparticles to contam nate a

sem conduct or device. Therefore, it is necessary to periodically renove a
by-product. A solution contajning hydrof|uoric acid and nitric acid is
typi cal | 'y B580%¢dr #%ﬁo%"ﬁr&pjtﬁe %yg%]r co 1S (P IHIRD YUk ace of
the jigis h at th anme..tl as _the renoval_ of t.he by-product,
t her eby fo?%%ﬁogé(r&%ggﬁ é%?%g%e.yﬁ\;%”&§eénb?a§lbl M9 E{%ﬁs%%ﬂiﬁf &f state
such as a f ar j egl. un I.1jop. by- pr oduct
s sudden 5 ehibRes: TRETE AN et R AU RO LIEEEELOMCRIE £2Y LD be
consuned '§e§8§‘£‘9§§i a8nd bhepeeRhER! offf At Q?%@@Bﬁéﬁ.agg gﬁ.g;%lit‘ﬁf a
polysilicon Tilmon a sem conductor device beconés difficult.

Al ternativetynsphr&as rhegrnald aP1 ed 110 1L 1 NBoh Qe AF bhiR%: 1] a
surface of a jig by sandbl ast working and prevent generation of particles
by positivety taptdirlig lespradued ForinheattieDed afd tdRatieern in
this case, fine fragnents of silica glass are scattered during use from
damaged pas¢msisoctiuaesoa pevtessedlipdastfore) aeriornecessaracks f or ned
during processing of fine irregularities, generating particles that

cont ani nateeaig@rfebhdutenervdedi be-pkbdeoter ,Awhehut hent hdokagsingf a
by-product is increased, breakage due to the difference of thernal
expansi on BEdGRERUGTriFcaCfadnd nitgicapgigokystirésnly us€€uori n or der
to prevent the breakag%g cl eani ng béPgas etching or wet etching has been

conduct ed bEROYENAiitg Py PreubdnevEPWeY e sthfe SBOSLTY SEETRERI SHitES | y
renmove a by:product in th nper,.simlar to the se_of a jiqg_ haying a
transparen{l§u+§a% ?OaﬁécgﬁgzaﬂaéhgaﬁggeatbWSbFEn&gF 5?Wﬁﬁ?&ng3ug¥$ et chi ng
t he surfacge w Lpe.irr laritie in sur S .

Above- defsg}{r? %g%];% { grnlfr%r% %%ﬂsr%lrnvi% r%%%ggssuergnf%oen'dufg?‘%% ldéeg' %é’ br%c‘?f“ only in
a di ffusi op, priogess A&y Aol PNARG WU Racess ul 13 & o) et chi ng
treatnent. That Is, also in a process in i"Ch ot e ing or ashing is

conduct ed i lampiudt BEasdEo M  $h bIrOWHG- A ddiRat TBNudiasn1 @ humRfeeduct may
deposit on a silica glass jig and is péeled off to generate particles. In
such a casghe sidtidwpttiorCAE arvaper lghise irkalids opeghsatd aypicetstumeldor m fi ne
irregularities on a surface by sandblast or grinding working to positively
capture a hy-qphadyed; tangrehentohheofeaér aheoamofinpanti gresthHoWewer, this
is a problemin that fine fragnents of silica glass are scattered by plasma
duri ng userdlyi Hanwgdd lpeen 8 serchcasdecprodesices It awte g dififércudrt .

m crocracks fornmed during processing of irregularities, generating

particl es Ahtgredhieed nat et ahasnbeendattenptedi €e. fpamt féokarly, in dry
etching, a surface of a silica glass jig has_been also etched in the manner
very sim | WFreu 2 Febereht ayF PRt 2Cchwdr 8getP Prudridel 28Rt TP $6Cut i on.

This is a problemin that.a su%face state was Si iLfi antlg changed and t he
control of PTRECRE CHFRGFEF baR nBht PFESAF £S5 DY BERTEORALEL GRPEEIAEE Becones

difficult.. - _4 n.or.der. ve.the abaoye-descri Qr obl .. there
have been %¥o%%%%%&%lgliHq}ec%a}:g?gg%ajgllél?ﬁ'vmq?% e‘gejrl é‘gggﬁjse%‘?%%n?&ne
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Lai d- Open Mort 4 @i29744)a prébdsded hl &8 O A3 dr Irini WHEHh &S ¥biaeg of a
silica glass jig is made irregul ar by nechani cal working and then treated
with a solairDiy cordee ot ngg hydroges {lrueghderandeamgahupntlingride to form
di mpl e-1i ke depressions of from20 to 300 fun and grooves of fromO0.5 to 50
umin w digespackss ahattcdn a3 dax 3 s¥infivoaddcabg@lesnnld . pMojreotwieans of
froml to 50 umin wdth and fromO. 1 to 10 umin height are uniformy

di sper sed Wwetnede bhicknebhsod heogroowdsct ispaneseaPatderitirdadiazOpes No.
2002-104843). However, both of the above-described jigs have di sadvantages
in actual we&hendifderemeedefr eBSIvas eFRARKEMY L tWRemrsdd isen§1sRaped
depressions by the use of the jigs, suddenly changing the anount of
deposition of a by-product, or irregularities are reduced, generating
peel ed particles after using themcontinuously for a certain period of
time. As a result of intensive investigations under these circunstances,
the present inventors have found that when a silica glass jig has a surface
roughness with center |ine average roughness Ra of fromO0.1 to 20 un and
has a surface that exhibits little change in a surface state agai nst slight
surface | ayer etching, peeling of a by-product and scattering of fine

o o .



- 5 _in the consunption of a treating gas is |ow and so the treatnent in
each process can be easily controlled. Furthernore, it has al so been found
that the above-described silica glass jig can beeasily manufactured by
al'ternately repeating a specified physical surface |ayer renoval neans and
a specified chem cal surface |ayer renoval neans two or nore tines, |eading
to the acconplishnent of the invention. An object of the present invention
is to provide a silica glass jig in which particles to contam nate a

sem conductor device are not generated when the jig is used and treatnent
conditions need not be changed even if the jig is repeatedly used. Another
obj ect of the present invention is to provide a nethod of manufacturing the
above-described silica glass jig. Disclosure of the Invention The present
invention relates to a silica glass jig used in a process for nmanufacturing
a sem conductor, characterized in that the silica glass jig has
irregularities with center |ine average roughness Ra of fromO0.1 to 20 um
on a part or all of a surface thereof and exhibits little change in a
surface state on a slight surface |ayer etching treatnment. The silica gl ass
jig of the present inventionis a jig used in a process for manufacturing a
sem conduct or device, for exanple, a core tube, a wafer-nounting boat,
chanbers for etching and asking and the Iike. 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 umand exhibits little change in a surface
state against a slight surface |ayer etching treatnent. The degree of
change in the surface state after the slight surface |layer etching
treatment is preferably 50g or less with the rate of change of center |ine
aver age roughness, when the surface is etched wwth a hydrofluoric acid
solution in a concentration range of from3.0 to 4. 0% at a solution
tenperature of from17 to 23C for 15 to 17 hours, and the etched surface
and the surface before etching are neasured for center |line average
roughness according to JIS B 0601 by a stylus surface roughness neasuring
instrunment in which the tip of a stylus has an Rof from2 to 10 Vim That
is, the surface of a silica glass is changed by actual etching, for

exanpl e, 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 |ine average roughness indicating the degree of the change in
the surface state, and when the rate of change is 50% or |ess, the change
of Raremains little in actual use as well. Wen the



concentration of the above-described hydrogen fluoride solution is |ess
than the above-descri bed range, the etching is not efficient since it takes
too nuch tinme to provide the change. Wen the concentration is above the
abdve-described range, the speed of change in the early stage nay be high,
reducing the time for determ nation. However, an error will be generated
after the object is taken out of the solution before the surface thereof
is replaced with water to stop etching. Further, the tenperature of the
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t he above-dgggff%%%agg%gjgghgﬁgﬁggéP%ﬁgﬂﬁégggﬁ1%%§%Pﬁ% %%Ebég§§§%§$@§d
styl us surf ace rARAPARIRN s UYFSIdU MG 1th Wi t ' I has an R
of from2 to 10 du%léi s used wll 'be des%#gg%ybeﬁvﬁé %h?%%%a%eéﬁtate of a
silica gl asgijnud thsiedu@ii é€anthy tehapgedaddniint aehual r s byrihee €l chi ng
treatment such that mcrocracks existing in the surface in the initial
stage are ephangddgby tshe felcehisngtier.eat ment or the shape of the
irregularities with indented notches on the surface are changed by the

et chi ng treat nenkbo®endasconbadtpriaistemmene olfsarr vexdcaop bes eraic ombt e ment
using a reflected light of |aser, can correctly nmeasure the centerline

aver age rougriéss nel onlat il afdbhfuhieompaogess ahdpevaponphrase growish
difficult to determne a_significant change of state bﬁ whi ch the treatnment
condi ti ons BREGRESbRUENAAFRIL AT R U9 dingedmend .nofhasniectal st unent

det ect N well that wll be buried b by- pr oduct

whi e the | POPTECESBND DBMGH oF SOdeLIPETBAr Rt hBC TRTHEEFAASHH Fn%ur f ace
t ; I il 8 turi h h in,

or o oct 1 onsPLAMIeaabets TPy Re S e rhynepinads B SR ad Ve FBVABITA i on of

by- duct Ltian. T, ta. t; | ; 0
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range can easily neasure t change 1 n the surface state corresponding to

that in thetacktdah ¥sae WHeRga1SitGR0IASS s fdascadMaldnagised, d:he
anount of a by-product to be captured nust be appropriate dependi ng on the
process to beingedg wok@xpaplpRsiitiddls easeuné athe-FA4ApE©eegSsevagheni ng
the surface of the jig allows an excessive gas fromthe filmgrowh on a
waf er to betbepyenedathdndepqosattedclias a Hawgerergmuhits o8 & heraibléemairgl ass
jig as a by-product. Also, in the case of the dry etching process by plasm
or the |ikethapdufbeai irpyhenssrdfcs ldfca lyd ajsisgankl sosthereddty anlayasa f r om
the etching to be captured and deposited in a |arger anmount on the silica
gl ass jig aSualpg-ysobger dafagesbpanbs Bucsfagapsiteviedplaggipylairerduct is
too large, the gas for formng a filmon a wafer is reduced to a | evel that
i s excessi vVEBFYMFBRPCFARKBI t PRESE U Ft BB ¥F eI hEnT i T migir sttt g 145y t he

ot her hand, if the.,anmount .of by-product captured is.too small, particles
Wil be genBPRPEACANE R HehTTEhor CORE A RE T S8R EOREUGhRECE e St at e
of the sili : j I fromt initial .at.e, b i.ng when
the 110 1s GasEaRPERr Bosadoncti hby & Ssnonk Be Buadr oshaBo/s The

| rregul ari thes iLAaIULl 0endh ik EhbiiM ATl SiiRYa DR SEW defment
irregularities, or notches in Ich irregul ar, "acute peaks
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.




9 _.and valleys are contiguously forned; or a series of projections of a
trapezoi dal shape. All of these irregularities will form cup-shaped
irregularities with sharp edges by the etching treatnment during actual use,
and the capability to capture a by-produgt_and the Iike will be changed
significantly fromthe initial state. Mreover, when cup-shaped
irregularities are forned fromthe initial state, the capability to capture

a by-product will_be too small for the actual use_as the surface area is

smai |, and a shafp PaFETatct RElE8gENSf 2PABecdpSShapBAWEPLBEMEr obPRESOf f t O

generate particles. Therefore, the,silica glass, jig.of the present
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center line.,ayv r.oughness_ .Ra fornmed .on art. or_all thereof. The
A NS i 1 qgﬁygy§q%gﬁ?dg%§

presence of Th& ST ragulcar it es &hn se 59" product and can

suppress th%ﬂ%ﬁyﬂdgléyhﬁagﬂ#ﬂﬂ S APy e ﬁ9g¥%FQE%%%iQSdform

. . a ...
|rregular|t|es have a nu pl € structure consisting o arge|rregular|t|es

and fine shalileWaupishanad depressi ApdEdB b ol her s1igsen thsreof . This
mul tiple structure can securely capture the by-product of a necessary

t hi ckness byl d-&oge Mgvind lar 0L 84 igllia@s § Pt nafie disensifddeotq st 198k
etching. Furthernore, fine shallow cup-shaped irregularities forned on the
| ar ge wavy igleegulidg tisemadeanitireguhaercapt meedahycplodoekingt hadt theel i ng.
Thus, a jig with a stable surface can be obtained. Mst desirably, the
shal | ow cuptgieaged deprtessisanl diaisora el d erirpthyoor alpgat hf 1 bani ddeand
edge-1 evel dianmeter thereof and the edge at the boundary of adjacent - 10
depr essi ons aEopgiup ey deoke Serredémpil £ -Lh&eddppeess bans o etfelvad2@ur i ng
use, the vicinity of the edge is e%ually worn out due to the above
structure, &%d3flojpecrad eggeverarti sratuPedahd hHyibeivadidyhfappeadof f
can be prevented from occurring between adjacent depressions. The silica
glass jig offPERd be<ént o FPeHi oANEaRlBe ARALLaEFGYRAtBYNFeplat EERYL

appl ying a physjcal .surface | ayer repoval ans,and a chemi cal , surface

| ayer renov on%dﬁ%lal‘fjegﬂétaé}%s{:%“c ']o?:ong&é‘.m AN e AT CCHRUT PFBRY t 0 be
preferably %el'sﬁ% dd $ed UL P, Mharne e quégcfxﬁ'ecse ga;}%&[‘@ﬁ EQE%E’ by

t he physical "sarface layer renmoval nmeans 1's ccessi v snal T er. e

above- descrithadiRpesi 6Rl. SWIRACK JAVS'. T ABRURLTERRLL 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 cof time.

As a result of intensive investigations under these
circumstances, the present inventors have found that when a
silica glass jlg has a surface roughneés with center line
average roughness Ra of from 0.1 to 20 um 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




includes a grinding treatnment with a bonded abrasive grain grindstone, a
polishing treatnment with free abrasive grains, a blast treatnent with free
abrasive grains, a treatnment with |iquid honing or conbinations thereof.
Specifically, the bonded abrasive grainggrindstone includes a resin bond
di anond grindstone and the |like; the free abrasive grain includes silica
and SiC, and the treatnment with liquid honing includes a treatnent in which

the free abrasjves are dispersed in a liquid for spra ing,t;’.53 Thisggh%sical
surface Iafé’rtli‘%ﬁﬁé‘élu“\%ﬁél ‘P%ran%reaaia’a’h%@ésljai/éim?d@n g E%’%% SBH

lastic | ay ' K f f i whi ch
PRSI e F 2 SR N T R T e
the jig 'Sh%[ssegl B%ea&&"ftoh%’t@&&ecﬁ}%gSBS%%SE.g%&B@g%ﬂ*{<§a gﬁra{s%g'ﬁg
etching trea nent process, Teading to -1 ormati on o eep g?o ves due

to inperf e@an@?@@é991gﬁnafﬂu%ra%rﬁ%‘éﬁorggﬂtérﬁ&@@h?ir%ga%ﬁtﬁﬁg’r}gg?éei Fhggsurface

state. Thus, It I's netessary to charge treatnen ti or a CVD

process, arprgﬁfa'angsewseé%w tBRIckER Gne ANBYEN a spiRRiIfGRId 8Refi cal

chem cal surface |ayer renoval neans follow ng the above-descri bed physical
surface | ayeir faRi®Yakeeaditovh]| s iLinsadr alorleheineo¢ebseding ast teel ayer
and openi ng of the mcrocracks, reducing the generation of particles and

t he change adtdnd isiheace «ff afles Hovaveioni f the anount of the surface

| ayer removed by the chemi cal surface |ayer renoval nmeans is small, the
renoval of the Anosessedod Bs¢iprdserdr iamdnthencpetiorgrofidae sitioar acks
wi Il not be sufficient. On the other hand, if it is attenpted to

suf fi ci ent 9l asendve thevibpdgen fayeles dm gontagings epposesseen@raterc | ayer
and mcrocracks forned by the physical surface |ayer renoval neans, |arge
grooves and&difFesRaFe806r IBBRE2ERdpRCH PR sKiDAS WSer 8hdr brpaETphkr al
edges will be forned in |large nunhers. Fine glass fragnents are likely to
e scat t er SPTHIAANA PFert B S Aach SHEreF, SHerat adoRebesrertyi L b

t r eat ment qg%gfd described in Japanese Patent Lai d-Open No. 2002-109843 as
a treatnent ‘hod in which depressions with the above-descri bed sharp

edges are not f8GURM RUALEL, JbhenaebbadedesenibRdsbh thechabesys gannot

renove the danage | ayér sdch as a protesse ayer and m crocracks
formed by theRby 63 naulkaceurane’ theMaKaleTBAEE 2Rt Be15UEf gegsst at
during the etching treatnment varies significantly. Further, when etching
proceeds durigng actual use, nunbers of depressions - 12 wth sharp
peri pheral "edges are formed, facilitating generation of particles. In the
manuf acturi ng nmet hod of the present invention, the chem cal surface |ayer
removal neans after the first physical surface | ayer renoval neans fornms a
surface i n Dilicdlvsnrey aeff adles Tiwvdritei gur f ace are opened, for exanple, a
surface in which there are nunbers of bow -shaped or cup-shaped
irregul arities. Thkepresdet ghysirdalors yeflates| by ey siéhoaadlaeand d 8sappl i ed
again to convert the acute parts in the irregularities to wavy shapes.
Furt her nor € & P& OS8SH £QT MSURACE YTrdy\sr a SERdCRIN AP /i §h%’é§13|2-l§€lé§§i nto
open a processed plastic_layer remajning on a relatively fLak surface and a
smal | nunbéFlGPaFeﬁﬁPn?hblﬁ?cg%%$%ék§1r%?bﬂéF&HP&?rﬂﬁéeébH&E-d%EEF?Bed
physi cal surface |ayer renoyal neans ang chegifal ﬁﬁiface | ayer renova

e

means are Héﬁéh@@&F@g§p6PP€@n§F§ePﬁa?él oW or® éﬁnfﬂﬁ§'8?6§iaﬁs a
silica gl ass ) b8 0, Wl ehyhoe.change. of; 8; SUNGAGE SLaLe 0t ol Egodur i ng
use is smald re prefera Fy, ffe"above- descrived P ys?ca surface | ayer

renoval ne i I t r : ovi ded by the
v t?if%gég%ﬁgLé?nghf e Qﬁﬁ%y_éfﬁ¥ﬁ.g?ugﬁg nef%.v' y

. 1 :
next physica renoval ne is smalTer tha at provided by

the previous physicali1suhfgegsbayes semm@lmans ithnt {ide iRext s¢gem ca
surface layer renoval nmeanS can eaSily open only the damage and nicrocracks
formed by thediinah gpptésation i tipisisal senitaagukayer deemoyal neans
w t hout significantly changing the shape of already fornmed | arge wavy
i rregul ari tdasexaspiel, la avre tubé| @ eastrumbune ingthoatrodambefr sciprshaped
depr essi ons

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




- 13 _on the surface of large wavy irregularities can be formed. For
exanpl e, abrasive grains with a relatively large particle size are used
first, and abrasive grains with a relatively small particle size are used
as ‘t he next renoval nmeans. In this cas_e,st_here may be adopted a conbi nation
of the physical surface |ayer renoval nmeans in which the grinding treatnent
with a bonded abrasive grain grindstone is conbined with the follow ng
polishing treatpent with free aprasive grains. For exanple, a bonded

abr asi ve gr &t ALLEAIEIRDrl I Ag % idiresia rdfbriesi vethr aentenf1#10 s
first used, and then a sandblast treatnment with SiC free abrasive grains of
#600 i s appBVEFaIrhECEABRLEsI Ry wf deem Qybrta dRovalancdeanbibisd 1htthe

(O [ i ncl_ud t t t_ wth a hyd fl i de-cont ai ni
Corutton: POPERa ]S LRENR A TG Gar ke s LN FOREORP OAHCRE LI ho
| ast physi cal f I furth ' '

Faor | ab | n CRe Hbaye. cober t6ERPEar T TG oI O0Gn A FRERaRF SHFi & Hof
per pher al - cogen o Eun e red O bout Ta et Her e Lo RE PR RRETL N no

peripheral edges o ape depressions - torne _
chem cal subfracesd ayer thermual off‘éﬁaﬁ%@r&ﬁ% QA r REHE & RIARCH edOrmng a

surface with snooth irregularities. This is assunmed that the ctystal’s

formed by theeneaseinnrficdydr egenchl wWDEh G haad @M RR WM EL Hosd der Wit h
silica often occur, for exanple, at the bottom of cup-shaped depressions

and do not oocarcanceherptaopactiange, ofir ftbe 8rystal 4. 0hait haver Bbsbed t he
projections immedi ately | eave the - 14 projections, resulting in

sel ective etehprgasnder effofabmofl 7t he PB8 efdt ons t® IDrHBErd OUNEd Strape

wi t hout acute parts. More preferably, fine particles with a particle size
of from 10 ?BCEGG GHFéRrcgngngneheesert2de fhofvrdice ey corsimtasurat a
resin, sili %a and a ceramc, or a conbination thereof are dispersed in the

above- descr F BECTH R bgel'§ BYSLAHS EBROBNAPAGRSEPTE I bA. tBY Id Bp@pairyy t he

fine particles he damage | ayer on a surface of a jig can easily be
removed: thE THPHET IS A FARATRERS 3 SHUTAY 1S A RERHED dE &

manuf act uri procedure.can _be sinpli %i gd. Aﬁdi ti of ultrasonic vibration
and agitati ggpm% ng Egﬁl]flﬁrpﬁéraarqﬁaﬂ elfRE f’F?cf@n’t‘:“)‘/' of Thate iSedthfent .

Th o L e . . ¢ ti wh
(he 10 o QoaioRndtor hrmstl Ban frosarataaBy AR as Suffler &8 1T°"

the jig is egpepied yras kﬂﬁHSpl%émé %%{?@EEEQniQe%&h@?%é@l?’ﬁéqﬂ}nent

of high quality sem conductors with sta Mor eo

above- descrihedegbbliCangt B8SehtUyCaPabe. eamid ydmpul apt urd MMy dfpeat edl y
appl ying a specific physical sur¥ace ayer renoval neans and chem cal

surface | ayeelacedvab tRansatei o€ ehahgeeofamtet Beniegdultihiealavedlade t her eof
's high. 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



Brief Description of the Drawings Figure 1 is a photograph of 500
magni fi cations of the surface of the jig for dry etching in Exanple 1
observed by a m croscope; - 15 Figure 2 is a photograph of 500

magni fications of the surface of the fig Lor dry etching in Exanple 1
observed by a m croscope after the jig is imersed in hydrofluoric acid of
3.5% by mass for 16 hours; Figure 3 is a photograph of 500 magnifications

| ' ' le 1 ob db
Of e surtace,of Lpe LLo-or gy etehing, L, Example d obeerved by 2

etching. Further, the temperature of the hydrogen fluoride
solution of from 17 to 23°C is employed since this temperature
range is most typically used.

Moreover, the time for an etching treatment of from 15
to 17 hours is the time required for obtaining the rate of
change that allows high accuracy for determination. It is
important to use a stylus surface measurement instrument in
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 pum 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
irregularitieswith indentednotchesonthe 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 scon be buried by
aby-product while the jigisused. Useof ameasurementmethod

using the stylus surface measurement instrument allows easily




Figure 4 is a photograph of 200 nmagnifications of the wafer boat in Exanple
2 observed by a scanning electron mcroscope; Figure 5 is a photograph of

1, 000 magnifications of the wafer boat in Exanple 2 observed by a scanning
el ectron mcroscope; Figure 6 is a phat@graph of 200 magnifications of 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 7 is_a photograph of 1, 000 nmgnifications of the wafer bhoat in
Exanpl e 2 OBE‘BE%HHE %ﬁ’%?‘?‘él“‘tﬂ’l’éob‘g%?l‘i’%sséBF&%@F%%”t%éné’i%eﬁ’gs t est

i tha hydrpflyorie agid SALPY 90381080295 Ol ok O Wiias ¢ o
The tip of the stylus has an R of from 2 to 10 um as described
above. This range spans from 2 um where narrow valleys are
not detected to 10 pm where substantial irregularities can
be determined. This range can easily measure the change in
the surface state corresponding to that in the actual use.

When a silica glass jig is actually used, the amount of
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 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 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




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 fications of the wafer boat in Conparative Exanple 2 observed by SEM
Figure 10 is a photograph of 200 magnifigati ons of the wafer boat in
Conparati ve Exanple 2 observed by SEM after the - 16 Dboat is subjected
to the etching test wwth a hydrofluoric acid solution of 3.5%at 20C for 16
hours; and Figure 11 is a photograph of 1, 000 magnifications of the wafer
boat in Co YRVLCER &5 €Ot bhaer ok LRymeEMa 2 6erilke Morrol ectibpect ed

i i T, fluoric _acid
to the EtChQﬂga%%%%é%&fhgiQ%gég_ %%J_oféﬁeseirregularitieswillform

cup-shaped irregularities with sharp edges by the etching
treatment during actual use, and the capability to capture
a by-product and the like will be changed significantly from
the initial state. Moreover, when cup-shaped irreqgularities
are formed from the initial state, the capability to capture
a by-product will be too small for the actual use as the surface
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 pum 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 structureconsistingof 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, 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




sol utiion of 3.5%at 20C for 16 hours. Best Mdde for Carrying CQut the

I nvention Next, the present invention will be described with reference to
Exanpl es, but the present invention is not limted thereto. Incidentally,
the center line average roughness Ra imdhe follow ng Exanple 1 and
Conparative Exanple 1 was neasured with a surface roughness tester (Surfcom
300B avail able from Tokyo Seimtsu Co. , Ltd. ) . In other Exanples and the
i ke, a surface roughness tester available from M tutoyo Corporation

( SJ- 400) wa%elaé%aﬂ@arrbﬁenth@@aWhﬁéeC%mV%xs. |EEV@JI gifaddandepresdiiatet er of

300 t.h d d t di d ab

oo T 5 3 et T B e P AT e T R
jig had Ra of , 1. The i d
IS, ﬁydfoﬁﬁséfécégﬁsd%s{u SO il TR T
had a_cent egcl,i8e,AYehaYCLLOUg Qmsfgiueg § umh BUCEesYYRlY hg |19 vas

subjected to surface re y a‘resin grlndsto € conpose

abr asi ve gr@é8§r9in§1be999eﬁoa85QééﬁtadQEBhgﬁlthe average roughness Ra of
0.5 um The resulting jig was - further treated with a liquid

consi sting of 15%kdYs ITBSSa Ocjlilé@'erQ@noﬁtl@élﬁﬁeséﬁ% byvEResoAf capnpai um
fluoride, 50% by nass of acetic acid and water for 1 hour, obtaining a

center |i nenamefagmreugh,neepeaaedﬂylapﬂpiyﬂngEﬁphgbwaid@mfacb@dajyegc was

imersed in a hydrofluoric acid solution of 3.5% by mass at 20C and

exam ned foremdreathaagesoén®aa Themiesidl surfaas 3hgem remdabllembank

phot ograph of the surface at zero hour observed by a m croscope is shown in

Figure 1; aamht@rlp@b@bgrawﬁaceforhmosarfaztsetmamemhecm@hthgntteabﬁent of 16

hours observed by a m croscope is shown in Figure2. Furthernore,

phot ogr aph %%%?v@lalweé%mﬁg ety igm Hher@%’@p%uafa%rr@uw@reﬁ% shown
rative Exa A silicaglass jig simlar to that in

in Figure
Exanpl e 1 w‘é%%%ﬁ% E\P?hpaygggiih BBRE2GRI hB¥EENECRBREAI APRGSdigmond

abrasive grains of. #32 Ei gare a disc-formjig for dry etching. The
resul ting jT o RaTSRYE ﬁt%?a R average roughness Ra of 1.2 um The jig was

then. i mer sed | iyf. bdLGLLUGEY 8615 SOl 808120/ - A0- DL 0YLER

obt ai ni ng Ra of am ne surfdce

 oughness by%@magélgcqffn@ﬂ Otagne%ée@g AESS, bl SRR Yrads, 1 1

Exanple 1. The result Ts as s
grindstone, a polishing treatment with free abrasive grains,

a blast treatment with free abrasive grains, a treatment with
liquid honing or combinations therecf. Specifically, the
bonded abrasive grain grindstone includes a resinbond 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 particlesby scattering fine fragments of silica

glasswhenthe jigisused. Inaddition, heterogeneouserosion

occurs during an etching treatment process, leading to




- 18, [Table 1] O hour9 hours8 hoursl6 hoursRal. 4 um .8um . 9um . QunExanpl e
1Rat e of 0929%86%36% hangeRal . 3um . 9unR. 8unB. 3untConpar ati ve Exanpl elRat e

of 09%16%415%430% hange As shown in Table 1 above, the silica glass jig of
the present invention in Exanple 1 exhiited an extrenely snaller change in
the surface states such as Ra than that 1 n Conparative Exanple 1, in the
etching test wwth a hydrofluoric aci d sol ution of 3.5% by nass. The jigs
from Exanple 1 and Co arative Exanple 1 were actually used in pl asma dry
et chi ng amé%%ﬁ?&l%ﬁ kﬁ?%?t%r%gtﬁ§lgﬁegﬁg 1WB%rF?§tfPEﬁPE§§nﬁﬁe 1 was
used for thgugreat nt of .5 batches a d |t was ob%%rved %hat %n%ratlon of
particles FOrceach vt W hets TS € surtace State.

Thus, it is necessary to change treatment conditions for a
CVD process, an etching process and the like. However,
applicationofachemical surface layer removalmeans following
the above-described physical surface layer removal means
allows removal of the processed plastic layer and opening of
the microcracks, reducing the generation of particles and the
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~Open No. 2002-104843
as a treatment method in which depressions with the
above-described sharp edges are not formed. However, the
methed 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, numbersof depressions



On the other hand, the jig from Conparative Exanple 1 showed generation of
a Iarge nunber of particles of 50 or nore at the 3rd batch, and the use of
the jig was suspended. Moreover, the Ra after use was 2 um for the jig from
Exanple 1 and 5.2 umfor the jig from ggnparative Exanple 1. This result
shows a large difference simlar to that in the etching test wth a
hydr of l uoric acid solution of 3.50 by mass. In addition, the etching rate

of a treated was conpared between the 5th batch from Example 1 and
the 3rd batdft “?éaﬂqﬁmﬁﬁﬁﬁﬁ here lpedans are |fonrad ot iveit athtd t he jig from

han th from Exanple 1. Exanple
gorrparatlv% I%)((e% Ilonlos %"Xﬁ lclIeower rate than that np np

In the manufacturing method of the present invention,
the chemical surface layer removal means after the first
physical surface layer removal means forms a surface in which
microcracks on the surface are opened, for example, a surface
in which there are numbers of bowl-shaped or cup-shaped
irreqularities. Then, the physical surface layer removal
means is applied again to convert the acute parts in the
irregularities to wavy shapes. Furthermore, the chemical
surface layer removalmeans is appliedagaintoopenaprocessed
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



- 19 ,A vertical wafer boat for vapor phase growmh corresponding to a
silicon wafer of 150 mmin dianeter was prepared. The above-descri bed wafer
boat was subjected to a sandblast treatnment with silicon carbi de abrasive
grains of #150, followed by a treatment 4ith a hydrofluoric acid solution
of |5 of or 20 m nutes and further followed by a sandbl ast treatnment with
silicon carbide abrasive grains of #600. The wafer boat was successively
treated with a lﬁ\i qui d consi sting of 14% by nmass of hydrogen fluoride, 12%
by mass of &PnGAEUSIEEGSE B8é AREIRQVBVYF bEregnbarltThe Sarfheeformede

(SEM . The FEEUTTSBLE. SRR h RPOuRa i PaAc SLATE Ve oF SRR FaoL e
f f nwith I i ne, f . h
e i R R e s e e

whi ch Sha".%ma%p;?g%g-emé ﬁgefgggﬂﬁs@@eér§1%h%UE%§%erg oggt&gfgegfgw In

irregularities. T ove-descri bed wa boat "was subj t he "et chi ng

test with acRydredseordrfe acnd ySi9b Wd Rt f a%&%ﬁﬁa@?ﬁ%fﬁ thE8 %f%@l SEM

Phot ogr aphs of the surface of 'the wafer boat after t test t

are shown i gufrifgueesafednfleovAl Mddndlier Shivet Hhe YBSnaihd!tabsafyed, in
whi ch there were reduced nunbers of slightly w der depressions of a

| ar ger - t hanwhehoa ebovaied sihapeivEngrRanagr ihd st shee vasmdihedmvi EHréher nor e,
t he above-described wafer boat was used in the actual vapor phase growth
process of $plileowingineldehing depesmena WitlmfobeZ2lumsiAte gveiyscuntdat i ve
deposition in the above-descri bed growh process, cleaning with a

hydr of | uor i €XadpPdegoBubcadess apyaisgive gradm grinsiatanss qamesitsind & i mes.
The surface after use had a Ra of 2.5 um_Conparative Exanple 2 The wafer
boat si ni | aF18BCRRaelrasEYenEire inswed dlFledited it ta ussshiblagst thasatarent
with silicon cgg&i de abrasive %ns .of #150, fol|owed by a sandbl ast

treat ment wWPERCSI-PPEOhIEaFBERE hsiivefgrsi MRTIJFLVGEFa M ef tHROpeat was
treated with_a h¥§rofluoric acid solution of 10%for 1 hour. The surface of
the resul ti ﬁap&é I boat was phot ographed by a scanning el ectron m croscope
(SEM . The res j .gu nd 9. ,The_wafer hoat had a
roughness with 'tl#ééc@ﬁﬁ%@?gglx\ﬂ%hggg{:gg%g?%gg ﬁlg’ggaﬂ?amgfmi. Esﬁﬁn l?hg%e
above-descrj f : ect ed t ching .t i a

hydr of | uori %ngie}g@sg gtgﬁg%ogf?ig%g%d%t% %Ogr%gitg%g%hgﬂrtgl ian%?r(ljé}@sqtaetr}rje manner

as in ExanpkeudriHBotedrarisngl sbhetivnl acergtethg1 vaf ehebefbmakher the
test taken by SEM are shown in Figures 10 and 11. I's surface, which was

si gni fi cant byrdatkel gpérfr@m+de i@ tich Ehaul 8s6 gy £h d e
depressions with acute edges are contiguously fornmed, had an Ra of 4.8 um

Furt her nor elavbe whoves daseanisbfdrvied £ cobeati nsasmsetum IT 1deer iakt waltheapor
phase growth process of silicon nitride. At every cunul ative deposition of
a filmof 2abayeetieanirnbedisdil et oyrdr oRladouehse ind chahdsmains nbt4f danr, 1 hour
was repeatedly performed 5 times . The surface after use had an Ra of 5.1
um Mor eovekh1§ R ¥aWwsrtohienaiess fgron e ba, tshe nwap e’ sotdens \crfedreshsed
since the 3rd tine, and the increase of particles on the treated wafer was
observed. ©D BEF1RhRAAL £dge s phIGuRmiinansd phoey ] T ehargdsiennes donshe
present i nvgnti on do%% no}1 )

ormed 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, or the crystals

that have absorbed the projections immediately leave the




generate particles to contam nate a sem conductor device when the jig is
used and treatnent conditions need not be changed even if the jig is
repeatedly used. Therefore, the silica glass jig of the present invention
car be used effectively as a core tube, 1a wafer-nounting boat, chanbers for
etching and ashing, a ring, and a plate. - 22 CLAIMS 1. A silica glass
jig used in a process for nanufacturlng a sem conductor, characterized in
that the silica glass % irregularities with center | i ne average
roughness RE*EP€ %F&ﬁpﬁkl £5u gél&ﬁl R 8epsFELiBe %ﬁ@hbﬂgaa%ﬁr¥%%%vﬁhe?%of and

hi bi | I f f | hi
R aéi%f?éeai%%‘ﬁ%ﬂ"%%ear%“mi“%%%%ﬁ Liseg in
that the .Slhlg é%@fsb}ggyeflﬁé ¢hilg d1% L15hELNg (Pga&aféle%l%l 8f t%  ange

surface wt gueous drogen uoride soluti in a concen

of from 3.01h0:4. &hpa 0 t r 7 3( r 15 to
17 hours anc]i when t eﬁlg??: %H%u&?ac%gg%dééﬁeﬁgﬁﬁf%}geg%g?ﬁe e ghslfér)]g %re

neasured foefcentesihi Ngiayesaghdr §UELASESc RaoACE WS40 Jh SR Q604 by a
stylus surface roughness neasuring instrument in which the tip of a stylus

has an R of akeomi2pkestd Ynmthehabdeg-ee sefr ithangsgdrivddie surface state
after the slight surface |ayer etching is 50%00r less with the rate of

change of cémteribenecavediajeqr sojutdes.. 3ByTHespekbtaggkassfiing accordi ng
to claim1l or 2, characterized in that a total roughness conprising
irregul aritpastdrlra, f thendemage Lxyamopr asemt fare @ fhar § 1gf cal axfily
surface is controlled b{ a nultiple structure conposed of |arge wavy

i rregul ari t PBsTaRavERhe tRarpeALédptyhdpedodanfdasi dagagdseritt ims tiwe
surface thereof, mhereln sai d cup-shaped depression has a bottom depth
smal | er t hafnhABced: 2ad %d@%w%%ﬂum%e%?c%@?%o@ae&ﬁ tHaRldidel aset ween
t he depressgg S.LS no% gg Conv § A net hod manuf acturing a
silica glas ﬁ rgr°Bhifal FP? lﬁyvﬁ ﬁéﬁﬁ@&l?ngpﬁﬁﬁﬁﬁ§l§npmﬁﬁqﬁﬂc rface
| ayer renov S g urface | r. renmovyal ans onto a
surface of ghsgﬁggaegﬂgggealger Fe%y Fﬁycgfa¥% &3 é e?ﬁg nmet hod of

mnufacturing a $id 133 A89 605 260 Unl0pt 0o Chal Mden 1B ARLRNIAGL 11

that surface irregularitie by a su sequent ap i‘on o

physi cal supfQcestayeles SRRk nEEANS lag%s% CCEAS | VRl Y | RIndihan dhose

formed by the preceding application of sai reana nmeans.
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;



6. The nmethod of manufacturing a silica glass jig according to claimS5,
wherein irregularities wwth a roughness of Ra in a range from0. 1 to 20 um
present on a part or all of a surface are fornmed by using a physical
surface | ayer renoval neans capabl e of @grging a rough surface, followed by
a chem cal surface |ayer renoval nmeans to forma surface with | arge
irregularities that have a roughness equivalent to said Ra or |larger; and
by repeating sucgessive_treatnents conprising a physjcal surface |ayer
renoval neans ca%é%PEeo? +3r i PRCRCITHER ¢6 diagn hikcahi enRo L fd1¢ oned
by a chemc urfacgnkgéer repoval neans to forma controlled surface of a
et Tt &%

| .
mul tiple st%&f?ﬁ?@ g LY NG 1 REAREHEs haPRICHERE 2% ons
f i i ul arities. 7. Th h f facturi
i on g Bl bPoba0H8 AR LAEMA LERer o R T OF 006 e Pt the.

physi cal supfageskayer prenoval. q%g%%uggnprises any one selected fromthe
group - 24 consisting of @ grinding treatment with a bonded abrasive

grain grindstoneg;aupel sshin i r s Ve i s, bl ast
treatment with fre% abr asi%/eggé}g(?%éﬁﬁg}%&%Fﬂ%ﬁl?ﬁaﬁﬁé%ﬁﬁgﬁoﬁﬁg&and a
conbi nat i onstik€aeef o£8chdhpi gretd o dqf HRAYHACHHI EREMB1E! 11 Q9 SHRSS Uy I
according to claim®6, characterized in that the chem cal surface |ayer
renoval neaasscanaihgeal@entoby md cselsdioipen cont ai ni ng hydrogen fluoride. 9.
The net hod of manufacturing a silica glass jig according to claim6 or 8,
characterized i nfidratet helsheploat osraflacet | 20/ magninfiatateans @ff tigre t he
final application of the physical surface |ayer renoval neans is a

treat ment byahesobgeroAncbrenraeng hpdesyen blyuer isdenandgamimgturarf | uori de.
10. The method of manufacturing a silica glass jig according to claim®6 or
8, charact ePtZE8SFRPEhat at | east one of the chem cal surface |ayer renoval
nmeans is a trea&fent by a hydrogen quoride-containing,solution di spersi ng
fine particles vitfIEe palti RIRNSEOErapD oy Y80t Ba9DT iiaRbECRAYC BIdie
selected fr he, group_cansisting of a resi silica and a_ceramc.
The net hod ggkéﬁnﬁgﬁgtgpiﬁﬁaﬁpiFIgCSESFE¥§Qigg 3c 8GREPAE S & 1aCkTArL0,
characteriZﬁgc%ﬁségﬁé_ultrasonic vibration or agitation neans is further
applied after e chefrical surface |ayer renoval neans.
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wafer becat in Example 2 observed by SEM after the boat is

11.

subjected to the etching test withahydrofluoric acid 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
subjectedtothe etching test withahydrofluoricacid solution
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
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10%.& () - QHlLg%égféiloéng&Eﬁémple 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 um. The jig was immersed in a hydrofluoric acid
solution of 50% for 10 minutes. The resulting jighad a 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 roughness Ra of 0.5 pum. The resulting jig was
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further treated with a liquid consisting of 15% by mass of
hydrogen fluoride, 15% by mass of ammonium fluoride, 50% by
mass of acetic acid and water for 1 hour, obtaining a center
line average roughness Ra of 1.4 pm. The above-described jig
was immersed in a hydrofluoric acid solution of 3.5% by mass
at 20°C and examined for the change of Ra. The result is as
shown in Table 1. A photograph of the surface at zero hour
observed by amicroscope is shown in Figure 1; and a photograph
of the surface after the etching treatment of 16 hours observed
byamicroscope is showninFigure 2. 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
witharesinbondgrindstonecontainingdiamondabrasive 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 jigwas 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.
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[Table 1]
O hour | 4 hours | 8 hours 16hours
Ra l.4pum|l.8um |[1.924m |1.9um
Example 1
Rate of 0% 29% 36% 36%
change
Ra lL.3um [1.%9um [2.8um |3.3um
Comparative Example
1 Rate of 0% 46% 115% 130%
change

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 Ra than that in Comparative
Exanmplel, intheetchingtest withahydrofluoricacidsolution
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
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
um 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
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Avertical waferboat for vapor phasegrowth corresponding
to a silicon wafer of 150 mm in diameter was prepared. The
above-described wafer boat was subjected to a sandblast
treatment with silicon carbide abrasive grains of #150,
foliowed by a treatment with a hydrofluoric acid solution of
15% for 20minutes and further followedbya sandblast treatment
with silicon carbide abrasive grains of #600. The wafer boat
was successively treated with a liquid consisting of 14% by
mass of hydrogen fluoride, 12% by mass of ammonium flucride
and water for 1 hour. The surface of the resulting wafer boat
was photographedby a scanningelectronmicroscope (SEM). The
results are shown in Figures 4 and 5. The wafer boat had a
surface roughnessof 2.1l umwith 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 SEMare shown in Figures 6 and7. Amultiple structure
was still observed, in which there were reduced numbers of
slightlywiderdepressionsof 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
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1 hour was repeated 5 times. The surface after use had a Ra
of 2.5 um.
Comparative Example 2
The wafer boat similar to that in Example 2 was subjected
to a sandblast treatment with silicon carbide abrasive grains
of #150, followedby a sandblast treatment withsilicon carbide
abrasive grains of #600. Next, the boat was treated with a
hydroflucoric acid solution of 10% for 1 hour. The surface
of the resulting wafer becat 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 everycumulative
deposition of a film of 2 pm, cleaning with a hydrofluoric
acidsolutionof 4% for 1 hour was repeatedlyperformed 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.
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Industrial Applicability

The silica glass jig of the present invention does not
generate particles to contaminate a semiconductor device when
the jig is used and treatment conditions need not be changed
even 1f the jig is repeatedly used. Therefore, the silica
glass jig of the present invention can be used effectively
as a core tube, a wafer-mounting boat, chambers for etching

and ashing, a ring, and a plate.
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1. 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 pm on a part or all of a surface thereof and
exhibits little change in a surface state on a slight surface
layer etching treatment.

2. The silica glass jig according to c¢laim 1, characterized
in that the slight surface layer etching is etching a part
orallof thesurfacewithanaqueoushydrogen 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
the etched surface and the surface before etching are measured
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 um, 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 surface is controlledby amultiple 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
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6. The method of manufacturing a silica glass jig according

®)

to claim 5, wherein irregularities with a roughness of Ra in
a range from 0.1 to 20 um 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 to 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 amultiple
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 accerding

to claim 4, 5 or 6, characterized in that the physical surface

layer removal means comprises any one selected from the group




" #$UR' ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopgr st uvwxyz{|}~

»

- 24 -

consistingofagrinding treatment with a bonded abrasive grain
grindstone, a polishing treatment with free abrasive grains,
a blast treatment with free abrasive grains, a treatment with
liguid honing and a combination thereof.

8. The method of manufacturing a silica glass jig according
to claim 6, characterized in that the chemical surface layer
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
layer removal means after the final application of the physical
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 flucoride-containing solution dispersing fine
particles with a particle size of from 10 to 200 um 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 ¢laim 10, characterized in that ultrasonic vibration or

agitation means is further applied after the chemical surface

layer removal means.




