NETHdI) OF WASHI NG SEM CONDUCTOR WAFERS Background of the Invention
The "present invention relates to a method for was hi ngP@T&RABHIB0ct or

wafer, and nore particularly to a 5 nethod including an acid pickling step

for renoving foreign materd al. fr t he fer. and .inhibiting growth of
resi dual foreign mater :Bg'f’,detgl’f ergp&g}é:ieﬁg%ecdﬁaé?ﬁq%s for defects
in an epitaxial |ayer subsequently deposited on the wafer. 10

Sem conductor wafers are sliced fromsingle crystal StticomTmgot s,

| apped, etched and polished to provide a snoot h surface. An epitaxial
layer is depnsi iatenBibherelateBOkishedhigHdAeR Ve 4 O I cal
vapor deposition to give the wafer the desiﬁidéce){heg&t%fi c%?é%g@%

char act eri stPckhe R’ﬁ‘éa%}ga‘if-aPaF%?ErcﬁﬁéW have a snooth surface to
achieve the desired characteristics. Fol | owi ng the polishing
operation, abrasive and | | i berated silicon adhere to the surface of the
waf ers. Sugh FLhbGE chgagsitissy hanny keen cénsaebbed, maavndlimes 0

nmet al oxi deshé e.@ast al U TSIV I Foty) n a i€ matter
whi ch may have c%afl ected W?ﬁ%_]waﬁer sdg%]ée&_v %y id(gfal %lha%%%&%?éegyt he
pol i shing sE@FcTERRAnEilter gigasattenawinbs hiingegradatilensiktrarsiiscon
wafers are the aHedewWrbBra yRSHMO 298k Sb’gh.ﬁ'?e O%gtoﬁ)creep@ﬁfghby' S

di luting ammoni a hydrogen peroxide wth super deionize Warer. A t hough
these agent@Xewrkdwbly ther didfifenand desabibedvaatrarisils cenddethich they

do not renoygsfOIGAGE 1eqd FBLENI ag,l; ol e partigcles of
foreign materi a re?mi {r:{l@ng g%‘btaﬁg‘ﬁlsﬂgmﬁg&nguﬁ%%r §r\%&ijf er"ic}a{#1 ree?aatWe&éo
washi ng opetaenial emther gtbanovige t ivsmal Oced lalpeei odcetate ofbeirey nont h

or nore, t i £l w 0 nacgept.abl e si ze..
Al t hough ahlgeu |tf':é|(£nt yglgﬁlé%%%' e%i tfg)%tglerl éi}es%dgc’gﬁltage' l?earﬁ‘_elpfd'giél%]@( on a
surface hawhgfEheets papanutféetyurédr feomn3biopantriacdadd o &@ed Lulldese wa2[errlm

or |arger) e.Skonk i t . . . 2
surface di s%on i%lzlét ?%%b?%{}t NeSaptCadthitengnge fhebhe apPrgazanss ffities
adversel y dfffectfilieepr opedti ednofthe pastgondhdisor hdevi ersinmdeH4om t he

waf ers. Moreov enkconduct or _users, are de di n fers havin
smoot her 5 k?lsoucr?%%rcaedﬁk?lﬁel rsq:lleggﬁﬁﬁ S er}o%eﬁgsfls %%rl?neg%}l\gﬁe,accepte
m ni mi zi ng ashenmicf larer wrbercatfatforei greraief ket s .

The object of the invention is therefore to produce a
filter cigarette of the kind stated that provides an
“acetate-typical” taste impression and an “acetate-
typical” optical appearance whilst retaining the
advantages of the known filter cigarette.

According to the invention, this object is achieved by
the features given in the characterizing portion of claim
1.

Suitable versions are defined by the features of the
dependent claims.

The advantages achieved with the invention rest on the
selection of a special cellulose material and on the

design of a filter cigarette structure matched thereto



parti'cles on wafers prior to chem cal vapor deposition is essential to

mass production of high quality wafers. Further, mnimzing particle
grow h permts wafers to be 10 stored between polishing and chem cal vapor
deposi tion, t hereby increasing the process versatility. Sunmmary

of the | middit | adlaptation ofnohe t Reseptdrdl rasjamatermd ReBelVedhs the
present 'x’%t"‘ceé}{ﬂ 'OJ}% ”g%r%rﬁ%%‘l toe AnRY! $i91 e, arfet hod: fle I MOVI Ng
forei gn ma erla]I rom a sem conduct or wafer prior to depositing an
epi t axi alrdtaEer rdreatimedafandentsese  ofpr dhiesi diokafcep mat@ndf gieenti ng

vt or § ol PAIHAGOPASLRY. abf ¢ tica) CPRY SRS e Bie Pelg ' cipdted 21 0"

whi ch r editnemnd hethenadr demedlaick toef oft $he cigaretiee epapexi &nd ayer ;

dth QViSj f t hod L. which Lo . ; tility.
' accor GAMALYY (5% 1EeSFES et FAVERF) BRntiraRIohs A Y Biifigaad ' 1Y
a method dHr sashiovgralden songechos wihat afderimizegpol thei ngoasite bef ore

depositing an epjtaxial, layer on_the fer by chem,cal position
to removeRFGSHHPD On bhe one gﬁﬂgpﬁggeﬁg%gro&)&]‘r? q‘rpotrrearcg'?\:ﬁpneg{ees%leal, t he
S hrret hOCbrﬁotTﬂi)é_ i 6thgrt hehst eisdfine fyie]_.d oﬂlashie_ngflltﬂt@' f xsemigan'eh.mf or wgf er
with a washi ng agent ., tor ve forei mat erjal from.he er; an
acid picld§ n@gtﬁ ﬁ/aglﬁé‘&ﬂ%,‘é‘mod‘g%d%‘i off‘n&/agg? crndgnsate é’&egq \(I)?Wﬂther
renove fos eh@ncoeterm@l and to neutralize 10 residual foreign material
t hereby m nim zing the anount and size of foreign material enbedded in
t he epitaxial | ayer. 2a

Briefly, the g@ﬁ@ﬂﬂ—@ftébedEPQéénbfi Rt Idtion o£0DPBr ikee$ot e sdeps of
washi ng the sem conductor wafer 25 wth a washing ager_lt to remove foreign

materi al B¢ onfEhablishads eby afdierci CPPFRPPRIIRGe HESHER s&F corfict or

vafer ik flla e iéhéuz[ﬁh@ﬁer@@@éfﬁiﬁ@rﬁfﬂgpéﬁtﬁfﬂiahraﬁﬁihg. _
neutralize residual foreign material. Thus, the anount and si ze of
foreign material enmbedded in the epitaxial 30 layer is mnimzed.

- Qher Oblﬁééér&ﬂﬂg‘;‘é‘@t ar ﬁa%e@tar f@a R e tW Ithd&renti1dth diar fom@par ent

and in part EOI nted out hereinafter.
of

he filter is composed of one or two series of holes

which is at least 10 mm away from the mouth-side end; the
holes can either be manufactured by laser irradiation or
mechanically on the finished cigarette, and should be as
small as possible and not very visible, good results
being reached with 15 to 25 holes in two ventilation

rows.

Surprisingly, it has been shown that the acetate-typical
taste impression and the acetate-typical optical
attractiveness can only be attained if the filter is
manufactured from a cellulose material processed by means
of the so-called “air-laid” process to a tangled fleece,
and this is further processed “uncrimped” to give the
finished filter. In the process, a suitable combination
of area weight, thickness and width of air-laid fleece
can be established according to the desired filter draw
resistance and thus the degree of retention.



3 i Brief Description of the Draw ngs Fig. 1(A) is a
schemati c of a sem conduct or wafer processed by conventional washing
and chem cal vapor deposi tion, wherein view (a) is the wafer before
washing, ‘5 view (b) is imrediately follow ng washin view (c)

after stokmgethendavrelaid) psogeser skehi cals valescri ed deigosi tf@ﬁ

Fig. 1(B) ch ti s C uc m€§ %%Qr cordlng
to the pree%agm l?nvgﬁal g,ﬁs cgv%e?egz%ig@g(/l tef(v?\]/rr(a %ﬁsp%%'e ar erC&g r%&\vvashl ng,
view (b) ¢sllulosé middliresel ré olnlodwni sigspesdedg iandwated pizkRhngtheiew (c)
is after e I de ion; and
Fig. 2 |s§%ér)lzqi§% g%i%r?\ggt eﬁﬁé 2}19%%18 aélP :s;g;‘ O\b%%%d 8Fr]%9%érzél ar ger
on fini shﬁmh:mzam@rstd ora vazemmui}edrsalelvem on whiahi dthenceetlwtosds of the

"ot or oncet BRas S S STRROLEV, PRl S P AR R FRAGRRRP O

20 Det acteslsBeinki pnlrthn eﬁch hethe:zemteiahanlcally, bt c are r;gas;s;edi he
process of _the esen ti,Q senm conduct

Pohed w M HTaLLE REPabarea' 8o B sceedfibE ALY iarSnsiottEoe

per oxi de vhém swmier a perdlelabﬂlezecbm\aimnoﬁs asieven amdsitadisdr tigen
peroxi de 25 1 xture Al Th' .Step r.eypoves rasi ve nd silicon
ebrr s ananefbly %8 Chel Labeng « B Sadholsorh Shieet ‘Soflenitahauct or
waf eL is ?tkd P;iod}(ixﬁ?oﬁm r ehegee andiath thusnerlttéshﬂ noe r%émmﬁtra'e@?i ni ng
on the wafer after the S e ing and aci i ckling
oleps ar 85 Hsstogitad b5EEFasr i Qhe LLBRFCORIIAd - war dhoshanbes!
cassette posdi aﬁar Thig tﬁlfe cRsSedd £ry "myeBaali 8atoBt-dieRigtt Whch heswashi ng
agent and APM ectl Aci d icklin I?%(ihe wafe after

washi ng hﬁ%q%% for ]Hé}‘r‘e’?u%ocﬁﬁéwgnd Rratredsbyhed gze%l foreign

35 n'&terbﬂﬂldéﬁn'ﬁbﬁbﬁg @, t hee Waf er p&u%m@&hl A chd L, Wﬂ)élyw.nyl
4 not react vvlth resi dual ammonia fromthe wash to form salts.

Because safeSahbBsoPBlYBeEr stareh grdftiidt PFmbatex. e'ﬂ?& dapges nPlef ect s

in the epifaxi@nb2yer /oY) BBd  thudXpbai negei nvemﬁh%sﬂe&al brbel ow.
Further, the acid pi C I| ng renmoves and/or neutralizes al kaline materi al

on t Beigkpess th%res@f— ucPHESeREeRfenfadrpnfesdnpyi t Jhef area
weight (g/m?) is controlled via the sieve velocity or the

introduction of fibre into the stream of air.

The invention 1is explained in more detail in the

following with reference to embodiments:

The filter cigarette has a tobacco strand surrounded by a
cigarette paper and a filter joined to the tobacco
strand. The packing density of the tobacco blend lies
between 200 and 250 mg/ml. The of the strand draw
resistance lies between 45 and 65 mm water column

pressure gauge, measured closed.

The cigarette paper has a low to medium air permeability
in the range from 15 to 50 Coresta units. The
nicotine*10/condensate strand yield ratio of the tobacco
blend should lie between 0.6 and 0.9.



t he r“rat erial. Because acids dissolve transition netals and al kal i

netal s, such as iron, copper, nickel, zinc, chrom um al um num
sodi um cal cium and potassium acid 10 pickling renoves netal s renaining
on the wafer after washi ng. Many different types of acid may

be used fBhe fihie:ﬂ(I copsiBas | oft ailee, faldedrgbgatheror * engaimpedti d
used duri prod on_of m,cqnducgt or devi ce ma be 15 ysed.

Speci f i ca???, i%&ét it S8, %’l?%?g e ther:i and %‘;}HF‘B@%ﬂea gﬁfi fle and
citric acpdroay barappdlni;or pagedt. A pidid-pikodd agsvéiDig tp
concentratl on_of .ac or acid pickli ng IS not particu arIy

d .
limted AFRGHBAS tdneusﬁréep&n&l | RARSE 1(5‘“156053%' REs ¥y RECYFE wF

dei oni zedfiDtewater thay tbba@&@dsti%\ln@ Jdifhd edi# é&n&l@lliﬁﬁsob%lﬂél ght
is preferre acid is usually rinsed_off of the sem conductor

waf er af tB‘PrQEFd Z&“&I‘?%gth%w&Fl%éﬁ‘%‘i digi sglegted suchobbati mes by

vei ght ortneredeside@d §0§rdei dopi Ckiip8y ZPentilgryBherrdegstHot jhequire
rinsing after RICk i Various rinsing nmethods may be used. For
u %Wfﬁy

i nst ance FRRIUNCTiPRg the WraBPiRIIBAPSKi AYANT ReRRRER A&i-oni zed wat er

i s introduegdsand tii sshighgad semesal nhvBes &, high REtation with.
Al ternati veI y, an overflow rinse may be used. In an 30 overflow rinse,

dei oni zedthRt sPe Higshl Febaeromsityand hawpet digast ot ankceodensatag
silicon wafers yetil tot 12 mlgo‘éﬁﬁf 208 ot e %féﬂﬂ SIMDEPEE | gl 11 e
Referring_to the dravmns igs. 1(A) and are emat i ¢S show ng
a sem conﬁﬁ%?érW&/ﬁheﬁxp@ééﬁgﬁﬁﬁedomﬁ-@rm tsrmkﬂﬁﬂar%hovied ath&"ar $80B stages
of produc 1, shaws i n S or waf er
o £188rettb8: could 1t SRS 4iRe 1 6gNdis hg‘& ?E:oﬁ ﬁfé\%%gg%%g  he
convent i oR@RuasShrRgdneonveEntaotakly. with a(:B):aSIaO\ﬁslaewaf er washed with
APM and aci d pickl ed according to the present invention. Vi ew
(a) of Figs. 1(A) and 1(B) shows a typical 5 sem conductor wafer 1

i mredi ately follow ng polishing. Large particles 2 of foreign material,
such as abrasive and silicon debris, and small particles 3 of foreign
material, such as ionized material, adhere to the surface of the wafer
1. 10 View (b) of Fig. 1(A) shows a wafer 1 which has been

washed with APMonly, and view (b) of Fig. 1(B) shows a waf er whi ch has
been washed wi th APM and subsequently acid pickled according to the
present invention. As shown in view (b) of both figures, either nethod
renoves 15 the large particles 2 of foreign material. Further,

smal | particles 3 remain on the wafer 1 after either washi ng met hod.
View (c) of Figs. 1(A) and 1(B) shows the sem conductor wafers 1 after
t hey have been stored for a 20 period of tine. As shown in view (c) of
Fig. 1(A), when



the wafer 1 is washed with APMonly, the small foreign mat eri al
particles 3 enlarge over tinme to form enl arged particles 4 of foreign
material. The particles grow either by reacti ngEmmI m t he
surrounding 25 atnosphere or by absorbing water. u MMHMFI cle
4 has a small particle 3 at itsPateat Chagémstrast, as * ¢ 4&hotn §n~iew
(c) of Fig. 1(B), when the wafer 1 is acid pi ckl ed after washing, the
foreign material particles 3 are neutralized and do not grow. 30

View (d) 1of Fimsltdd Adl@d'@e’éﬁ@)wisﬂﬁ)% Ei‘&le% ad@?ﬁé C@ﬂﬂt’éi:oﬁlt‘\ﬁf er 1 after
an epitaxial layer 5 is deposited on the wafer by chem cal vapor

deposition. As ak RV ES gStl’@i}d Siwerounded Y canelgabetharer 1 is
washed with APM onlyapde enlarged foreign material 35 particles 4

enbedded in the epi taxr al | ayer 5 form rojections 6 which extend
outward fromthe exkerdofiltér manufactured rfrom cellulose fleece g

surface of the epitgah@Falb@yeed Eggﬁg the e«%ffl%fld” pr g%ggc %lrough.

However, when the wafer 11s washed and pi ck
according to the prexefral” degrgemnf oretemeienxt eandrwithface of the

epitaxial |ayer 5 LS SFpOt by (A)jq When a
sem conduct or vvaferé) 'S oé% ﬁ?ﬁé atléﬁ ef or:ghgel ég s]'E ored for
a | ong peri od errwmﬁerem*@l@hadirmtwm es 3 of foreign material

grow. In contrast, ggg (B e 10 1 washed
wi th APM and acid p fQ JE% smatl‘?‘;L )C part?g{ﬂgs gﬁggﬁnot Er ovxilj‘ﬁeeven when
the wafer 1 is storfallowidgrfestuned: as srx nont hs or nore. Therefore

sem conductor waferg, 1 process accordin t he net hod t.he present
i nvention may be st& ed&F%r ilggﬁgt aﬁ??al % (c)iegglel od < ? tff%dedﬁ t?
depositing the epiteetahtieyesf 540 to 60 %he waf er without signifi cant |y
adversely affecting eriop, surface of the |layer. : Exanpl e

Al t hough t he present’ |ir—‘r}\1/%n??30ﬁu1{%s%le ??cf)%dJ@O URGF EFRBRI 6w i n nore detai |

with reference to af) exaepl etrand dikadresend imueytirdy dendeisdtarited to
t he exanpl e. ol i shed sem _conduct or fers were washed with a
washi ng agent made %Y Frgﬁi Qgéﬁézopérttraﬁvi vﬁ%m%%ﬁla -6 afd 0 tho parts

hydr ogen peroxi de an@ié@tg@éigoﬁ@@@deﬁéateﬂel oni zed water. After being
washed, the wafers id pjckled usi nghvari ous concentrations of

re Gi
hydr ochl ori ¢ a‘:ﬁed?hﬁf P@Fiﬂﬁg sedd ity <t epheeprbacral Blapg Oher e

deposited on the wefies s tebdtkLheliraald VRDOS ARAGARIN ORQ0 andangsd he
nunber of particles on the wafer which had a size 30 0.2 [err]mor |arger

were counted by a _CIWKF%‘H onal | aser- scattering particle counter. The
results are shown i) theFithb#eco strand draw resistance lies

between 45 and 65 mm water column pressure
gauge, measured closed;

i) the air permeability of the cigarette paper
is 20 to 50 Coresta units; and

j) the degree of filter ventilation is to 15 to
50 %.

2. Filter cigarette according to claim 1, characterized
in that the ventilation =zone 1is formed by a
combination of porous wrapping and covering papers
which begin at least 10 mm from the mouth-side end
of the filter.

3. Filter cigarette according to claim 1, characterized



As illustrated by Fig. 2, when the sem conductor memmﬂmznm |y washed
with APM nore than 5000 particles 35 having a S8 ¢ oo K r’r’"rn or
S * 8

| arger were counted. However,

What is clained is: 1. A nethod for washing a sem conductor wafer
after pol i &ii nghatd kekor evelapidsiticry apowei t axi altHeayef iwhshdd

waf er by chem cal vapor deposit%on to renpve foreign naierial and
prevent  growt ICHI2¥RFES ohS nBeRPFartured Rechanieali¥ofprP¥i hgSERe steps of:
washi ng the semesndaeion. wafer with a washi ng agent consi sting
essentially of ammoni a hydrogen peroxi de and super deionized water to
renmove foreign material fromthe waf er; and 10 acid pickling
the washegd, sempeppduCEOga ¥8EEE L8cARARRLto clashll 8! BHafaBELst 2BE
essentially of acid and”dei oni zed wat er to furfher remove foreign

mat eri al and tbnnthatatheeventilasdpduabneodsi dienmedekalonghd¥ el¥® ni ng
alkalinity, t k n 1 LoLng. foreign

mat eri al on tﬂgéﬁgg) %Er¥§%§¥§$£¥ﬁg gg%?égﬁggc%%$£mégg?5g%?iﬁé storage, and
mnimzing theleasuntOamd §rem bhefwoevthnsideecend| ofnbbddédlter. in the

epi taxi al |ayer. 2. A method for washing a sem conductor wafer
as set forth in claiml1 wherein the acid is selected froma group
consi sti ng. of Btkter atgdretydrachbbndingatodonbydfogéaims 1 tbudyi de, and
citric acid. . 3., A ng%h d,.for washing a sem conductor wafer as
set f or t PRATRFEPFE38€ U B agoﬁ%?ising the step of rinsing the

acid pickl ed sefltenducinismf esft an' enwverimsedtalceddilose fleeset he

waf er . , 4.,€,n§thod far mgs?ing sem conduct or wafer as set
forth in clai Mathndr ERACKRESRaPlr Cr2 FPnied ®th dei oni zed wat er .

8

6. Filter cigarette according to one of claims 1 to 5,
characterized in that the filter is composed of an
*uncrimped” cellulose fleece with a width of 10 to
15 cm.



What “is claimed is: 1. A nethod for washing a sem conductor wafer

after pol i shing and before depositing an epitaxial |ayer on the

waf er by chem cal vapor deposition to renove foreign mat eri al and
prevent growh of foreign material, the 5 mnmethod conprising the steps of:
washi ng the sem conductor wafer w ABsBrsgghi ng agent to renove foreign
material fromthe wafer; and acid pickling the washed

sem conductor wafer in an acid to further renove foreign material and

to neutrathge ifiventeshdupé] 40&§i gﬁoﬁaaeffﬁitéPefébé‘aﬂéﬁt@ Zdvﬂ‘aht hg amount
and size of fore%\gn mat eri al enbedded i n the epitaxial

2. A net hB#CHesraaehtag fdlses soiduca okohacep s§rand smrqm ehillmfcl aim1l
uherein tBequRERtE0AGRAY, 12 filteR! SPAPInRYrbht 1A% ATIRA & Byd; 0gen

peroxi de with sug dei oni ze
washi ng aMeRHfaehBhedofranf Epldylose fdeecs manufagturad whinei hhehe acid

| S sel ectedibrogiar proiddiy canal Siel af AERLLE AphtuBXdpchighLe acid,

hydrogen fluoride, and citric ac r washing a
seni conduEeBRingSf g a§lrcumf§é,ften1t@|atlh dhred:'awml fitr t kkemprdsesi sthg t he

step of  comp #1955.83 e %Pédfigifg\l:vfﬂgs%a&%}%%m Oa%%ﬁ]fﬁﬁ.tgg rhargovg

residual acid fromthe ofr "wWashi
sen conducondenaste agtentlogetlefm]t hofn 46| dion 40 Wher dilre td:ellz\niesel S

ri nsed W E oni A6 ", , . 9
6. A met hoge?or wagﬁ a ggr]n voﬁlduct o B%ar eSS 1Y n BREER 1

further cnmotsnaécohéessepe ofofpolthehi bobabeo waltararkef ddeswalsétwgehhe

waf er . t i n senl ctor fer sse forth in
claim1l fur?h%rﬁdcénpg‘ral(gﬁ%&ftghgwgtﬁzﬁo e&’?&?ﬁg (erg"earPae i ?n?h ¥r on the
waf er by cfietrheal toksamzo depesdt bdin tifd eto}a@&:dopsdzkbnﬂlg lies between

200 and 250 mg/ml; the tobacco-strand draw resistance

lies between 45 and 65 mm water column pressure gauge,
measured closed; the air permeability of the cigarette
amounts to 20 to 50 Coresta units; and the degree of

filter ventilation amounts to 15 to 50 %.



