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METHOD FOR WASHI NG SI LI CON WAFER Background of the Invention and

Rel ated Art St The present invention relates
for washi ngwgg%g-&ﬁa licon wafer. Mre specifically, the pr es’éﬁ"’s%%oon
5 relates to a nethod for washing a silicon wafer, in which

contam nants are renoved fromthe siligon wafer and a . surface of the
silicon wafer is reformed after the silicon wafer is subjected to an

etching treatment. METHOD GPOW SMAS2PRG ! ¥1r.rbbRewARERCDS are used for

washing a 10 silicon wafer after an etching treatment. The nethod used
typically depends on a kind of the silicon wafer. In the first

nmet hod, the BackadownBebfi th};&u : &0 and Ré%&&?ry'f?gsﬂgegmgmn_ ce
sub'ectedtoapr reat ment  for t her ma reat men ed sl|

cl ejani ng). In th ge@%ﬁaeﬁ lHXFﬁ&&ont l’f?%&ttﬁ%d:%aﬁ é‘?et?}éo‘guﬁ‘?’éc‘t’%ﬂ?%ﬁgan
ozone treat nengilicont waferm aMouei dpred fliidablgn a:lﬂyrﬁmzoff iﬂﬂeeﬁtibﬁon

f b ' JatoR h |
blast st3p of “iacal kB hechad oD 3 i T c8n WL B SPlleh, 4
pretreat rrentC‘P@Fafalilﬂé fal2¥¢ emed Ttﬁe‘om) thhl redi st dmd wasf eane amsedaf or
a specific SéufEQEe“@feEhe'Blllconwﬁb@gxlﬁ% ?éfd?ﬁé&Mgﬁgﬁﬁen 4 {38806 n an

|norgan| c basi ytion after an etchi ngt st ep, ] ec e
t

a pr et r'é&; ?r’én{'sbﬁ\‘lgﬂ gchethérman eteimshttyaatamrnt sl i ce

cl eaning). 25 cOnveﬁteoﬁaelyevehaedormkﬁmss ApUeUBEJ &otxh%:a?é}%?gtaree
methodslolnthgflrst t ho t he_si on wafer is prone

cont anihat i ofr by“The” ﬁﬁs%ﬁg?g ag & ﬁ APHeFreztmeznt - Trf?eé%etﬁ'li‘?@ used
appar atus, drypheallkedependehensal kiad wif ethd silicon efdfas.it is for a

Long perfod of Llf eALNEeral AXEALACICAR SELHD 5o eﬁe%g%%%$g§%§gfggcg

of the silicon wafe avery e
surface pin héré’flélﬁed and | Ehanwaudy] esrted obet Ao ét Realtmart c vt a

be renoved Iu"héﬂﬁaﬁueﬁeaa%htpr(%tt"cﬁémlééﬂcfemfﬁg};" In RAtIEMn g an
et ched Sl | Cemé:lfggl nﬂg)Le eatn&xetd evga?ffeorr elsf esrLEgjnected to an ozone treatment
to form an oxidized film on a surface of the silicon wafer,
then subjected to spin drying which is followed by a sand
blast step or an edge polish step. The wafer is then
subjected to a pretreatment for a thermal treatment. The
20 third method is one used for a specific silicon wafer, in
which the silicon wafer is immersed in an inorganic basic
solution after an etching step, and then subjected to a
pretreatment before a thermal treatment (etched slice
cleaning) .
25 There are several problems, however in the above three
methods. 1In the first method, the silicon wafer is prone
to contamination by the atmosphere, a container, and a
measuring apparatus, or the like when the silicon wafer is
left as it is for a long period of time, since an oxidized
30 film is not present on a surface of the silicon wafer.
Further, a very few fine grains present on a surface
of the etched silicon wafer are sometimes fixed and cannot
be removed in the subsequent pretreatment for a thermal
treatment (an etched slice cleaning), and therefore remain
35 as stains.



WO 99/ 05704 2 Furt her nore,

there was no neans |dent|f|ed to counter a mcro etched-nonuniformty
gener at ed aVPH0394et chi ng treatment on a surface of thePSTUSIHIH3S8

waf er . In the second nethod, an oxidized filmwas formed on 5 a
surface of a silicon wafer by an ozone treatnment so as to prevent the
surface of the silicon wafer from being etched and/ or cont am nat ed by
a chem cal agent or the |like which %s used in a sand bl ast step or an

edge polish step a t.ching ste However,. sin pin dryi ng was
required 10 aftergﬁrﬁ@ergforr?e’ ettl'f'ee]é?%ﬁ Ojpeangidephd lﬁ%o&é’s§°
conpl ex.  Fur ghenicrdeet chesi frmmdurﬁnmamls igeremattedl after 4 Ce@ching

et ched- nonuni Eggg}._;n)énge%q{ac{eétﬁagé@%egfhlgégh%?%gg f%l%t nent on a surface

of the silicon no i‘con wafer was
i mersed in 15 anIPndhgarfiecondiretbrdii sn m:ehm ef thmnyast éprmedasrt 0

remove a gicrg ehehaéenamual émmcbﬁ #a¢ed b?/s'a?lugz%fne t r e %
bl ue-white pomd since spin dry was required a ter the

i mrersi on step¥e ?nﬁa&g%t ﬁélrfacepﬂfcé%tbe r%*%l%%p\"% er ﬁEPY“hb?aneﬁ%h@ﬂzed

filmwas not aﬁd/bﬁrr ceth teimimhaiad asg af chBaighall m.af@f shacegikBewsiildncon
waf er was not . sub e%:ted to an (%z%o@aséregt nment, an refore, there was

{
a possi bility8f "Ravi ng & AT 5t &F 71t issfge pOflSh SKBRe abfSfhe
nmet hods descr abedtah@w GOrgRd n Mevan,ZEJ.n@zaor@:mmﬁng wad aeqaasmlde

Lo countgp a geeep eLhldazone negaahtn%@tyl aBle R ApLocRle fors 1y

silicon “wafer. Coraingly, ~each cauded s sfarn an a ofononi
in appar eAPMBAREr | Fufeieext tBerp. wadli fowndl hp, mseing dryi Agunternas

required aftepibbe OzebBel:- ?i%trﬁﬁiltfdi‘mimrééﬁé‘réﬁéﬁ §9te5d*hefaﬁby Eehhﬁ.gse

process nore conpl ex Accordingly, 1t _has een desired to solve t
pr obl ems mﬁthtﬁngHWFPEaPpoﬁ %acesﬁﬁnﬁb?l%b%%%ﬁnowageﬁrocess after an

etching treatnment.In the thibh® udtlsed] anventicon WLPdrlosad RhEPFef0Rn
washi ng I s a renpv of contam nants, 35

on wafer which t
an |rrpro€5erren?ﬁof‘n8 Ff‘gcéalséf:of ﬁﬁ*g:loéhc? FehiT cRtFBRPg StgRgso as to
sinplificati onenbve paocessraftetchedenohungfbmaammenhnd a residue of

contaminants (a blue-white powder). However, since spin
drying was required after the immersion step, it made the
process more complex. Further, an oxidized film was not
20 formed on a surface of the silicon wafer since the silicon
wafer was not subjected to an ozone treatment, and
therefore, there was a possibility of having a stain by
contamination.
None of the methods described above contain both an
25 ozone treatment and a measure to counter a micro etched-
nonuniformity on a surface of a silicon wafer.
Accordingly, each caused a stain and/or a nonuniformity in
apparent color in the next step. Additionally, spin drying
was required after the ozone treatment or immersion step,
30 thereby making a process more complex. Accordingly, it has
been desired to solve these problems with a unification and
simplification of a process after an etching treatment.
The present invention provides a method for washing a
silicon wafer which contributes a removal of contaminants,
35 an improvement of a surface reforming, and a unification

and simplification of a process after an etching treatment



3 to any kind of silicon wafer by subjecting a silicon wafer to

an etching treatnent, subjecting a silicon wafer to a washi ng and
reform ng treatnent with a washing-reform ng sol ution, and ) an
oxi di zed fVYPHP8A7%8 surface of the 5 silicon wafer with a EST’&%‘%{?-”%
formng an oxidized film Summary of the Invention

According to the present invention, there is provided a nethod for
washing a silicon wafer after an etchigg treatment, conprising the
steps of: 10 (a) subjecting a silicon wafer after etching to
washi ng and pef ] SihR0 o3 1423 N ' ol ution . 42 and

(b) formng éﬁ gé dlﬂgg ?I r%q'&n a sur ae?e%raﬁ‘m%{ﬁoejgeé:ylngi?i%ﬁ%lﬁﬁflelwaéﬁrng a

sol ution forteoam Fningi dreatimest, fsubpecting a siMeos wafer stbi @on
wafer is pr y € [ NS rt ( : ore
e&:ﬁ%g@h& S et 88rhdng trédﬂ?r?éz{lga?iEﬁ tahg?%%ltégﬂgb?)ag%gﬂu &f

the step (b) | mersed i n~warm wat er ter

a 3 . »
subsequent | ySolutiony egdedordims an oxdisrf Dlm on a surfase ofhghe

washi ng-s ef ogil AgoROWHERNWi Ehpaese1abivn for BArmPAGJYARI 6xRasLeaSek i .on

cont ai ni ng hydrogen peroxi de or a surface-active agent.

O her objects and features will be in part apparent and in part

poi nted out hemeapgf bér the Imvemstiand ed Description of the Preferred -
Enbodi nment . h fQr ing.a sidicon wafer.of the.present
i nvention, a sil i%gﬁo\%g g i g’ guej g’crte\eg%%&o lglv %‘-‘rﬁc?{b' ntherer%?opﬁ??{égeg

treat nent wi&h methkehi dgxr evashing sol stildcoaf teafer afirext @n ngtching
treatment, apgd.Lhgangn ggh%&a 4§|EHQE%J§H§WE%30 on a surface of the
S on fo orm ng

silicon wafer with a sol ut ] ) mng an oxidized film
In the ¥ orenenti oned @ hodubigcstialg iy sddtliann vafer aftexfetehingato

silicon waf Gkabbiiﬁﬁ_ bAQr FHHCrRE) CuSPhYt hORashindlireEdinthd OSBPRERbR,
constltutlngagdmas I ng-reform ng :
(b) forming an oxidized film on a surface of the
silicon wafer using a solution for forming an oxidized
15 film.

Wherein the silicon wafer is preferably subjected to
rinsing after the step (a) and before the step (b) and
immersed in warm water after the step (b) and subseguently
subjected to hot-air drying.

20 Further, the washing-reforming solution is preferably
an inorganic basic solution containing hydrogen peroxide or
a surface-active agent.

Other objects and features will be in part apparent

and in part pointed out hereinafter.

25 Detailed Description of the Preferred Embodiment

In a method for washing a silicon wafer of the present
invention, a silicon wafer is subjected to a washing-
reforming treatment with a washing-reforming solution after
an etching treatment, and then an oxidized film is formed

30 on a surface of the silicon wafer with a solution for
forming an oxidized film.

In the aforementioned method, an etching action on a
surface of a silicon wafer by an inorganic basic solution
which is a component constituting a washing-reforming



4 sol ution cooperates with an etching inhibitory action

(surface-oxidizing action, masking action, or the |ike) by - drogen
per oxi de aWe® 9%/08Mf ace- active agent. Accordingly, a conP&R{USEH1S3S8
resi due (blue-white powder) and a mcro 5 etched-nonuniformty on a
surface of a silicon wafer after etching can be securely renoved,
thereby greatly controlling apparent inferiority in a device process.
Further, an oxidized filmcan be formed4on the surface of the silicon

waf er mnth a solutlon for formng an 10 oxidized filmafter a
washi ng- r ef oBRNE T aCRORETANRE eith  amyy GtEHRT o ATREHGIBN ERtEan on

a surface of (guzifldceOibxidiz e Biction, maskAGgORELABNY, oar e ad Kedl by
mashlng a Slby on waf er 3E€f g%éibutes a renoval of co ant%_ q

i mpr ovenent °F§n PFHC i AT ERGE 2UmYS &89 ingly,
sinmplificatian obntammamtoceemdﬁber (phuet-ehiing tpeaamemt andarsy ki ireckcof

SiTCon o Wlela nonun coBINO0 £00,R3NENGLAL0ELI G0N MRLSL 0L NS

pr esent I NVENntion 1S ere deéseribed in
a silicon wakschiggout chp a ashiseruresby m rngemove@ol uttllfmremt er gmeaé:tlcyhl ng

treat nent. f f IS WRsh Hrmed
preferably aS?P%IOﬂ%Q% ;%Ez;rs%r?ﬁ ci?ﬁ\/\/{’;d\e/ggag\fl\&ge 2 %kHz ag% 00- G%éo W for

4-10 n nut es. nglefther: an Ot’%dslchqullt%é?atrerﬁﬁerfé?tw ¢m fhe surface

washi ng-ref Op#i Nfhe s$PEEbhONWAEeP! G&EEHMX e nied sed by a%ﬂmlng an
35- 70[err]C Thi_s bec use when the tenperature is |ower t

35[err] &Y a °X1d§|§tefjaéé %g"er’ﬂaﬁrhl’?fﬁer SHHE9r EFSFF’F‘ﬁ&tsoltg‘ﬁr&}PYi s
prone to havavedddnat |a15nmm£mlsﬁ£@ﬁl d’tadi)chohi adefius f3te defoapedilliican of
hydr ogen per 0Xi %% and |l owers reaction activity of the washing-reformng
sol ution. ﬁ:e ot her hand, when the tenperature is higher than
70[err] C, hydrogeAccoerexgim.deal smeehadkafdy deshipgsed, sihliconi fwafspan

of the V"@B'ﬂ't?ﬂbh%fe%r | gg-;mw&rﬁ o &&ﬁeawﬁaaee §ﬁ imp rovmeet Jfhe

silicon_wafer |s transferr a rinse vessel ' contal h super
dei oni z&8 wafkrfszse pefsergping, and a unification and 51mp11 1catlon of

a process after an etching treatment to any kind of silicon
wafer.

A method for washing a silicon wafer of the present
invention is hereinafter described in detail.

20 First, a silicon wafer is put in a washing-reforming
solution after an etching treatment. A surface of the
silicon wafer is washed and reformed preferably applying
ultrasonic waves of 26-40 kHz and 100-600 W for 4-10
minutes.

25 At this time, the temperature of a washing-reforming
solution is preferably maintained at about 35-70°C. This
is because when the temperature is lower than 35°C, a
surface-active agent in the washing-reforming solution is
prone to have separation or suspension, which hinders

30 decomposition of hydrogen peroxide and lowers reaction
activity of the washing-reforming solution. On the other
hand, when the temperature is higher than 70°C, hydrogen
peroxide is remarkably decomposed, and a life span of the
washing-reforming solution deteriorates.

35 Then, the silicon wafer is transferred to a rinse
vessel containing super deionized water and rinsed



5 preferably applying ultrasonic waves of 26-40 kHz and 100- 600
Wfor 4-10 mnutes wth the super deionized water (room te e)
over f | owi NYORE5Rnse vessel . Subsequently, the si FFE@%S%gé I S
transferred to a 5 vessel for formng an oxidized filmand imersed into a
solution for formng an oxidized filmpreferably applying ul trasonic
waves of 26-40 kHz and 100-600 Wfor 2-10 mnutes so as to uniformy
forman oxidized filmon a surface” of the silicon wafer. 10

I nci dental |y t er r.e _ of h olution  faor m_n

oxi di zed fil RFF?QE?Z’;{BM E‘;i’rgrlarﬁ?t‘éluén%%s?‘glﬁe‘”%?s of' 25540, E‘?{Zar?n%zg%eo'
wat er and 60680[ 6r £PE€ £oR0SEinpEeer WwithHEber FOperr HelldndzgdOmater {(room
Then, the sil] [ f¥$§ . S contai ning a warm
wat er havi ng%ﬁ‘?%ﬁ\ggﬁlge&r Z;-\{# 6 @%?gﬁﬁ% g:ﬁés%ggsfr%;fér sed in the warm
water for 60-270 Subsegmently, the middigon wakexi EecdirargterreddEped
With a hgt aikssel #5Wi BBrAihG M abitiaigba/ OO0 eAhlC nrNdt €48t a

nmet hod f or was hi a silicon wafer ,of, the present inveption. )

The washi ng- ﬁ@%&ﬁﬁpﬁgrﬁg%tf%ﬂ&%% BR Pﬁé%zssderfl% Pr?ﬁ%ﬁg}%n appd yigg

i norgani c  baskteasoplid | waveeondi Mo kHydapgeniporegpideworfér 2-10
surface-active_agent, and is ref erably. conditioned,as follqws so as to
etch a sili cB‘ﬁn“geswa?%r aft ‘éosdg%%?%ﬁf e Thr AP o R £ céﬁ'ﬁf‘bl??n@a a
decrease i n shrfacessfofthehesisiicammwatérr and a surface 25 roughness as

mich as, possi bl e. lIncidentalA.L%,i na Qq{lérgqé’ﬁﬁa&réo' Yk oppeontah i,y g gen
peroxi de preferably has a corposition ydrogen per oXi de, I 'nor gani c
basi ¢ sol uti §arming ast exidiegda fidm asopreferablyymaintainesi gw) be 20-

respectivel ypsobnebgenh abtdne Nkt Brakdd 300 ° € b P S ALSEdL, 25 188, -itecgB N C
basi ¢ sol ution. An i nqQr,gani ¢ basic solution_containing a surface-
active agent pref&PgBy B §1 %ﬁé’si“[’? B ofl 0. PRt opraoto aopegsel

surface-acti genageningnd @alh 2560 WaWiek aNtemperBRAGRNICE BASIAD D lawid on.
35 A surface

there I°can*™epge Cti:ﬁl\s/%&?ege“%?nlbfwg@é]égg%: égL%bysgb%esgbl 05702nd

Finally, the silicon wafer is dried with a hot air
having a temperature of 70-90°C to complete a method for
washing a silicon wafer of the present invention.

The washing-reforming 1liquid used in the present

20 invention is an inorganic basic solution containing
hydrogen peroxide or a surface-active agent, and is
preferably conditioned as follows so as to etch a silicon
wafer at a submicron level or lower with controlling a
decrease in thickness of the silicon wafer and a surface

25 roughness as much as possible.

An inorganic basic solution containing hyarogen
peroxide preferably has a composition of hydrogen peroxide,
inorganic basic solution, and water with a ratio of (1-
2):{(1-2):(5-50), respectively. Incidentally, NaOH or KOH

30 can be used as an inorganic basic solution.

An inorganic basic solution containing a surface-
active agent preferably has a composition of 0.01-10.00 wt%
of a surface-active agent and 0.05-25.00 wt% of an
inorganic basic solution.

35 A surface active agent is not particularly limited,

and there can be used, for example,



6 pol yoxyal kyl phenyl et her, napht hal ene sul f onat e conpound, etc.,

as a surface-active agent. As an inorganic basic s (gw &,I'lsg&ere
can be used¥C 90574 o, CaCderr], Na[err]COerr], or Klerr] ?

I nci dental ly, an inorganic basic solution containing a surface-active
agent enhances an effect of renoving a mcro etched-nonuniformty
nore remarkably than an I norganic basic sol ution contai ning

hydr ogen per oxi de. A solution for form ng an oxidized filmused in

SC 1(H of 1] 0P LYY ERARPIokEp Rl R “EabhcRarene surtonare. compenndy,

has an ozone e€bfcentpati SHrface-gctivis atsp:m%o as to enhance throughput

| nci dental |y, whenAgna}zomﬁoegaﬁq@ BA598 il WEdn, thelANcZnPHE & ed
oxidized-filmformng ability of the ozone 15 water deteriorates, an

stain is prorfda®d, b@aS@nﬂerbﬁ&?w or Ke€Ruse an oxidized filmis
insufficigently forrpdi@énéally, Ui fBs6rgindcSbhisien sifiiion containidg 1

preferably has a ¢ nposi_tian having.a v ?une ratio of (H.err]O,

P (Herr1 0l er 1f) SERACEAGAYS 19555 :?(‘%%???5?530)3%“[E&Arﬁﬂ'@12n9 2
The present m:zenbl oretichddrndmunilformibgd imorer e remarkibhy | ldlaow oant he
basi s of Exa t means
i ted 1o ndergaail BEkEE sotitiop oqiEEEilng MFGHLAER BeplxifeiiOd
for washing a 25 Assbnl@@nqmaffecvrofortuenpr @gemxidizedi 6mlma31®dal imat beby
a meffrod ?P@ E’eiﬁ%ntlon( E\éala%'labheﬂeoﬂageﬁl Brage- Té‘ﬁr@&{ o) +NH OH

etched nonun| % i con fer 1s rotate ?ecz i on
of an observatTBR @zPRewBkekoPFef¢ ARl BT &R RELIS HEP%C%%E%HSO

pincette so thmtzalsuppmcecohst e syﬂuaggﬂg Vﬁi:&ﬁu@l@@h@ t he observati on
axis at 45[err] condensed ll?ﬂ i s

applied to a surfa@écbfief’hggég’ls’ce"g&hen L \/\B?@Peatccﬁ“‘??waﬁhﬁ’?e 15 tREST

observation axhan 2 ppm, anTlxisiidextef DimtBeraihgcabiddftyr olstlvdsezsnd by

eyes 35 )t £}t etgﬁuf:?}%}t]:ecé“ 448y % al‘%Pseé e;?/ﬂ:ﬁ@ t%o'tﬂé géflrated
wa e was

eval uation. e sur ace 0 e silicon
because an oxidized £film is insufficiently formed on a

surface of a silicon wafer.

SC-1 preferably has a composition having a volume

ratio of (H,0): (H,0,): (NH,OH) = (1-2):(1-2):(5-10).
20 [(EXAMPLES]

The present invention is further described in more
detail below on the basis of Examples. However, the
present invention is by no means limited to these Examples.

A silicon wafer obtained by a method for washing a

25 silicon wafer of the present invention was evaluated by a
method shown below.
(Evaluation on stain and micro etched-nonuniformity)

A silicon wafer is rotated in the direction of an
observation axis with holding the silicon wafer by a vacuum

30 pincette so that a surface of the silicon wafer meets the
observation axis at 45°. A fluorescent 1light or a
condensed light is applied to a surface of the silicon
wafer at a right angle to the observation axis.

The surface of the silicon wafer was observed by eyes

35 at a site of 30 com from an observation - point for

evaluation. The surface of the silicon wafer was evaluated



7 : for a mcro etched-nonuniformty and stain by a rate (% of
brown area e fluorescent |light and a white area (5}':‘5
condensed W&g%ﬁ&t@pa surface area of the silicon waf er . &gﬂﬁég :gsr?pl es

1-14, Conparative Exanples 1-9: Evaluation test of washed silicon
wafer) A silicon wafer was transferred to a washing-reform ng
vessel after an etching treatnent and subj ected to washing- ref orm ng

with applying ultrasonic waves of 26 kHz and 300 10 W for 4 mnutes.
I nci dental | y,£58 A it '&dﬁ&lﬁ%ﬂ@n§959h?9? AResPLin bth PQEQSEJ }”Q)f

hydr oxi de sol ution (liquid tenperature: i'ni_ng ydro
per oxi de and % HRWR sPHRRNYBASK dde flu%%?%‘ﬁ?%‘ﬁ Lighti andemparhhttig carea

45[err] C) confriier nthe cotidensed1dighdChioVd ageHacleASLGANI &1icon
condition of hlend shown in Tabl e 1. Then, the silicon wafer
was transfer ™S a rinse vessel containing a super deionized water
and rins&d witHxamplespht ¥4 ng Comfpeasanive ViBwasp Dés 26 - Bz Eaad W3R O fossd

m nut es 20 £ Radiies éyfg ond@é@gged wat er (room tenperature)

overflow ng t e rrnse ves Subsequently, a silicon wafer is
transferred to a & Sllﬂ@%lwﬁﬁﬁrmﬁnﬁ@mﬁwmz@ddMas&wm_i;waﬁmsmﬂagnto

a sol ut hisder aﬂ‘ﬁé‘ﬂ i @t Y Zt%afﬂrkéﬂt‘_’“érm %Q%Yéé\?ec?% %tétﬁsr?aﬁ' ¢

waves of 26 kHz and 300 Wfor 4 mnutes so as

oxi di zed fi| RFPEMAF acleh APRRELIRG) PéBﬁasomcwafPéﬁes of 26 kHz and 300

| nci denttal | yw Gzaner weimité®zone concentrati on of 5 8 fppm liquid

tenperature: 23-26[err]C used as a solutio for _formng an

oxi di zed film %Cl&egﬁ'—%\ff%eﬁstﬂ PREBEAT PéF‘l\ﬂQs solitdicarr ene oh

vessel @opctias sigue. hpdrowatier shﬂ\utng:ra { Ehpet At u&ﬁp@i‘aiﬁﬂr%@[ efo;i@ and

I rersed in I t 70 The silicon wafer was

dried with htgtIa %é::é‘r%'r{?r% %’d %@e% gi%%%a%i e3BP - RF&EFIEm Yarcxide

8 S@Bsié(}@htﬂ/lqlﬂi@ §Btnp§crﬁtmfeer AC)subprtatding RCAurface-
15 active agent was used under a condition of blend shown in

Table 1.

Then, the silicon wafer was transferred to a rinse
vessel containing a super deionized water and rinsed with
applying ultrasonic waves of 26 kHz and 300 W for 4 minutes

20 with the super deionized water (room temperature)
overflowing the rinse vessel.

Subsequently, a silicon wafer is transferred to a
vessel for forming an oxidized film and immersed into a
solution for forming an oxidized film with applying

25 ultrasonic waves of 26 kHz and 300 W for 4 minutes so as to
uniformly form an oxidized film on a surface of the silicon
wafer.

Incidentally, ozone water (ozone concentration of 5-8
ppm, ligquid temperature: 23-26°C) was used as a solution

30 for forming an oxidized film.

Further, the silicon wafer was transferred to a vessel
containing a warm water having a temperature of 60-90°C and
immersed in the warm water for 270 seconds.

The silicon wafer was dried with hot air having a

35 temperature of 70-90°C.



washing and an annealing treatnent at 1150[err]C for 14 hours in an
oxidizing furnace. Then, a surface of the silicon waf er

for a ni cr YEYATHY- nonuni f or ni ty. 5 The results are SW¥%#§%I es
1 and 2. WD 99/ 05704

TABLE 1 Washi ng-reform ng solution (ratio) M cro et ched-
nonuni formty KOH g[ err]Of err] Surface active

(Wt % (Wt % agent (W% Exanpl .01 0. 03 -
2.5 Exanple 2 3
5 00 0.03 Subseq\?gntly, th s&l&co&%eer qras subj 6cgfd to 0

washig Prdpie Snnealing0ti@atment). &) 1150°C for 14 hours
2 0 Exanple 2] 7
T 00 1@1 an oxidi2%ng furbatle. Eheﬁk a sur8face of Sﬁsl@fﬂ.@o%

0.001 *1 wafer WRR e\@(mtpgdgfor a mlgrgoetche_d nonuni fipiiky * 1

0.0 Examgple 10 The redl¥its are shown Qnoi‘gble% 1 and 2. 0.0 Exanple 11
10. 00 - 10. 000 *1 0.0 Exanple 12 0.01 - -
0.001 *2 0.0



Exanpl e 13 0. 50 - 0.010 *2 0.0 Exanple 14

2.00 99/05704 L- 000  *2 0.0 *1: pol oxyal kyd-phssianksdsher
*2: naphthg?ene sul f onat e conpound
10 TABLE 2
Washi ng-reform ng sol ution M cro etched-
(ratio) nonuni formty 9 KOH Herr]O[err]
Surface active (9 (Wt % (Wt % agent (wt %
Conmp. Ex. 3 - 0. 50 TABLE 1 65 Comp. Ex. 4
- 5. 00 ' 55 Conp. Ex. 5 - -
0.01 *1 55 Conp. Ex. 6 - 1.00 *1
. . 85— Comp—Ex7
go Cb[m EX 7_ Washbnglrefgrmlng solutloanxaG@@ﬁ |5M1qro etched—
_ Speed #%W
cassette * 1 IKGHYOXWL' kYHmenW edheface ac@:we napht ene
sul f ondat e conpound (Wt%) (Wts) agent (wts)
Example 1 0.01 0.03 - 2.5
Example 2 0.50 0.03 - 1.0
Example 3 2.00 0.03 - 0.5
Example 4 0.01 0.10 - ' 3.0
Example 5 0.50 0.10 - 2.0
Example 6 2.00 0.10 - 1.5
Example 7 10.00 0.10 - _ 1.0
Example 8 0.01 - 0.001 =*1 0.3
Example 9 0.50 - 0.010 *1 0.0
Example 10 2.00 - 0.010 *1 0.0
Example 11 10.00 - 10.000 *1 0.0
Example 12 0.01 - 0.001 *2 0.0
Example 13 0.50 - 0.010 *2 0.0
Example 14 2.00 - 1.000 *2 0.0

*1: poloxyalkylphenylether
*2: naphthalene sulfonate compound



11 (Study: Evaluation of a mcro etched-nonuniformty of a

rﬁZPegiiiekgggﬂﬁgﬁgr) nonunifornityngnrgzuLgﬁtiglﬁ%ﬁh&g£%%g8@6or

| ess when a 5 potassi um hydroxi de sol uti on contai ni ng hydrogen
per oxi de Is used as a washing-reform ng solution (Exanples
1-7). When a pot ﬁSiUﬁ\hydroxide sol ution contai ni ng
a surface active agent is used as a wasfirng-reform ng sol ution
(Exanpl es 8-14), a mcro etched- nonuWAgténéy 10 can be
controlled to be 0.3%or |ess. Further, when only
hydr ogen perOX|de or a surface active agent S used as a

acal oo N 0N aa
]

was hi ng-lb'l OT T 11y soTtTon \Wllpal ortve LKQIPI €S—o—u)—a—H

et ched- nonuiasdririgyre Sotmingyssbuuidni n cpMiawics et chieidh a

case 15 that a washing-ref treatment is p r
(Conmpar gti ve Exanple 19). (Q%E‘anples 15- 24, c:%%gga |vqugghpl

10-12: Hval uation T 2 ed sili.con hafer) (%)
Asilicdn wafer was tfranSrerred ?%bé masﬁﬁgggce activey, (Fagkqr Mg Jssse
after arn etchlng treqtnéwtfénd shﬂ?ekted agent (wt%) to]washing-reform ng

W t h apgtyrmg—ottrasgmc—waves—of—26 iHz—aRE—300—\W-rer—4

m nutes.| Comp. Ex. 1 0.50 | ncidentally, as a wash
sol uti orf; S P otasiSHa-Ry-di-ex-de—sel-uti-oA—{-
45[err] ¢)Comp. Ex.28 | &.00 - -

€0

Comp. Ex. 3 - 0.50 -

Comp. Ex. 4 - 5.00 ~ 55

Comp. Ex. 5 - - 0.01 *1 55

Comp. Ex. 6 - - 1.00 *1 60

Comp. Ex. 7 - - 0.01 *2 65

Comp. Ex. 8 - - 0.01 *2 60

Comp. Ex. 9 - - - 65

* : Speed of conveying cassette
*1: polyoxyalkylphenylether
*2: naphthalene sulfonate compound

e
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0.01 wt % I.ni ng as a surface-active

pol yoxyal kW‘Bﬁgﬂéﬁ% &t her (0.001 wt% was used. _ Th%%ﬁ aSBeen lacg(lil?sgon
wafer was transferred to a rinse vessel contain |on|zed
water and rinsed with 5 appl ying ultrasoni c waves 300 w
for 4 mnutes with the super de&$nized mater (roon1 tenperature)
overflow ng the rinse vessel. hen, the silicon wafer was

i ersed in a (gehki:on ﬁ@éluatlof’xo'brf‘ g ﬁ?c?é' di-zed gl &Jogaﬁﬁf%&lw%f%m y

forman 10 oxi di zed filmon a surface of a silicon va

| nci dent al | y, Y&8§ dsﬁ%kﬁQﬂPfWﬁ §%F mi ng an oxi di zed film one of

SCG 1(Herr] g’fH[e”]I@l[eerlr]e*sNii[t@rhﬂ‘l) mmeozqnes%@tverma& Ul;ﬁﬁéro e}:lé?é%sa
condi tion shown_in er e siligon wa
transferred tB°R%e ?éflmlfﬁ’ c%n?& rﬁ‘?’fbt%olvag‘?% hRt B8 X Pg deSsnpdeR uRe
of 60- 90[§rr]ﬁbaa951um hydnnxxﬁblsolhelmﬁrmvmmamhﬂmy HyﬁkdgemnﬁéroxIaé

silicon SYHeMNCTe N hav n ature_o
90[err] C Subsequen%ala S tah L“&) Was sju glé% e R&‘ﬁ t”Washl ng
and an anneal i ng th@Flrreﬁt Ptiﬁsdlpmrr}@droxiﬂe hsqlatian containindi zang

furnace.  Thegurgadurf act idle il | can SRSy RN 4G £0e 500 2
st ai n. e results areeﬂhown m‘ﬁ?a%?e and 45 e
solution (Examples 8-1 a micro etched-nonuniformity can

10 be controlled to be 0.3% or less.

” Further, when only hydrogen peroxide or a surface
active agent is used as a washing-reforming solution
(Comparative Examples 3-8), a micro etched-nonuniformity is
hardly solved in comparison with a case that a washing-

15 reforming treatment is not performed (Comparative Example
9).

Incidentally, when only a potassium hydroxide solution
is used as a washing-reforming solution (Comparative
Examples 1 and 2), an etching force is large in comparison

20 with the case in which a potassium hydroxide solution
containing hydrogen peroxide is used (Examples 1-7) or the
case in which a potassium hydroxide solution containing a
surface active agent (Examples 8-14). Accordingly, it was
reconfirmed that a speed of conveying a silicon wafer is

25 too slow or an insufficient washing of a silicon wafer
increases possibility of widening an area of etched-
nonuniformity in a state of a liquid drop in a wide range
when only a potassium hydroxide solution is used.
(Examples 15-24, Comparative Examples 10-12: Evaluation

30 Test 2 of washed silicon wafer)

A silicon wafer was transferred to a washing-reforming
vessel after an etching treatment and subjected to washing-
reforming with applying ultrasonic waves of 26 kHz and 300
W for 4 minutes.

35 Incidentally, as a washing-reforming solution, a
potassium hydroxide solution (liquid temperature: 45°C) of
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12

0.01 wt containing as a surface-active agent
polyoxyalkylphenylether (0.001 wt%) was used.

Then, the silicon wafer was transferred to a rinse
vessel containing a super deionized water and rinsed with
applying ultrasonic waves of 26 kHz and 300 W for 4 minutes
with the super deionized water (room temperéture)
overflowing the rinse vessel.

Then, the silicon wafer was immersed in a solution for
forming an oxidized film so as to uniformly form an
oxidized film on a surface of a silicon wafer.

Incidentally, as a solution for forming an oxidized
film, one of SC-1 (H,0+H,0,+NH,0H) and ozone water was used
under a condition shown in Table 3 or 4.

Further, the silicon wafer was transferred to a vessel
containing a warm water having a temperature of 60-90°C and
immersed in the warm water for 270 seconds. The silicon
wafer was dried with a hot air having a temperature of 70-
90°C. Subsequently, the silicon wafer was subjected to RCA
washing and an annealing treatment at 1150°C for 14 hours
in an oxidizing furnace. Then, a surface of the silicon
wafer was evaluated for a stain.

The results are shown in Tables 3 and 4.
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Eval uation of a stain on a washed silicon waf er) The results
in Table 3 show that a stain can be avoi ded by inmersing a silicon
wafer in an ozone water for 5 2 mnutes with an ozone concentration of
about 4 ppm or nmore when an ozone Wd er is used as a solution for

form ng an oxidized filn1%5§anples 15-18, Conparative Exanpl es 10-

12) . Fur t1f9Y 5 sEYAtUaSieR befavoi sledi By ormicrypaed sdlicon
silicon wafeiwafle@) 5 mnutes even when an ozone concentration

i s about 2 m ( Ex l e_18 . rt.herpore, the results in Table 4
Ishow tﬁat \/\Egn (SC-%Pe rff?‘—’!ﬂ&sr]baH[%‘—’fl?{%[G}rrf"g%ﬁ[ 3B HR %ﬁ?lﬁse%a%sbzf
sol ution for awvecddeg dy immemsdinyzangiliton(&afiepl éa 28- d4pneawattairn feaul d
be prevented 15_. | : SN LI . r =4 _mnute Wit a
corrgos?/t [ %n éofm'qr)",sl:(éé:Lm&E'Egi %gn %ﬁm {1%: %(B%caew%tnngéeﬁ) ogf Bt (%[8 rrn] ©
: ((H err] O[ ermpyre wRred GioE -wgter (is2ysed(8s50) spjukdbnmor forming
As is apparengnf peauliBe alFaven d@ﬁge{rhppiégnlsj-i‘s?s?ﬁl?ggati e fa%mg%%_@ Rg-a

silicon wafer of the present invention, a 20 on wafer 1s bj ected
to an etchi ngl?r)eat ment and a subsequent washi ng-reform ng treatnent
with a washing-  Furteled,m By s0auhLI WouBdd ddeavanded dbgedinndrBiy a
formed o surface gf t he SI|I§OI’] wafer with an oxidized film

f or mi ng £8I ut F&ﬁ,icf)ﬁ‘er P 8RabliHy t 3 cIRIPRbEFe (RSP 25WheRemAm,| gfone
cont am nant s obnaesitiatdonnafserabaut | 2pppmefBrample 1@f) .a surface reform ng

and a unification §Eqm|"'c ' f. [LOCES fter..an etch
treatment to any k?rql%to dlﬁfé’s?cltl'%egoq"‘rﬁaS\/\"/%i]fteér).:erl Tl f@o\yartlhg s ghgg:s'
coul d be madelilH. @+ ahHeCBD wasrhogiedenas ani shdutiogepfori Mprofimgn aphe

scope of thsxidizib@;V;%&tthr(Efaﬁngl%_é tendad ?%ttaﬂH JRhEheCpREFARLS N

t he above descripti,on shall be interpreted as 1llustrative and

not in a;$in1pynglg@ﬁ§§;ng a silicon wafer for 4 minutes with a
composition of Sc-1 being within a range of
(H,0) : (H,0,) : (NH,OH)=(1-2) : (1-2) : (5-50) by volume.

As is apparent from the above description, in a method

for washing a silicon wafer of the present invention, a

20 silicon wafer is subjected to an etching treatment and a
subsequent washing-reforming treatment with a washing-
reforming solution, and then an oxidized film is formed on
a surface of the silicon wafer with an oxidized film
forming solution, thereby enabling to contribute to a

25 removal of contaminants of a silicon wafer, an improvement
of a surface reforming and a unification and simplification
of a process after an etching treatment to any kind of
silicon wafer.

As various changes could be made in the above

30 embodiments without departing from the scope of the
invention, it is intended that all matter contained in the
above description shall be interpreted as illustrative and

not in a limiting sense.



EPO- Muni ch 16 WHAT IS CLAIMED | S: 1. A
nmet hod for washing a silicon wafer after an etching treatment conpfisi
the steps WO 9905704 (a) subjecting a silicon wafer 59?6#@%%@? ng
to washing and reform ng using a washing-reformng solution consisting
essentially of (i) water, (ii) hydrogen peroxide or _a surface-active

agent, and (iii) an inorganic basic cogﬁound selected fronlthe group

consi sting of sodi um hydroxi de, potas &m hydr oxi de ’"”m' m,
sodi um car bonate and potassium carbonate; and lmm& ng
an oxidized filmon a surface of the silicon mafer S|ng ‘an“oxtdiZzed film

form ng sol utWHAT 1$tE@LATMEDWASKhI ng-ref orm ng step. 2. A nethod for
washing a silicon wafer according to claiml1l, wherein a silicon wafer is
subjected to rinsing after the step (a) and before the step (b). 3.

A nethod for washihg a’imetbeduwfiar wesbisonp t §iliranmwatienherditera an
silicon wafer r t (b) and
eﬂ%} igg‘eiifégtﬁ@n’é’a Eb%\%&%m@f k8le tepd &k

subsequently su d to hot-air
subjectlng a silicon wafer after etching to
washing and reformlng using a washing-reforming solution,
5 and
(b) forming an oxidized film on a surface of the

silicon wafer using an oxidized film forming solution.

2. A method for washing a silicon wafer according to
claim 1, wherein a silicon wafer is subjected to rinsing
after the step (a) and before the step (b).

3. A method for washing a silicon wafer according to
claims 2, wherein the washing-reforming solution is an
inorganic basic solution containing hydrogen peroxide or a

surface-active agent.

4, A method for washing a silicon wafer according to
claim 2, wherein a silicon wafer is immersed in warm water
after the step (b) and subsequently subjected to hot-air

drying.

5. A method for washing a silicon wafer according to
claim 4, wherein the washing-reforming solution is an
inorganic basic solution containing hydrogen peroxide or a

surface-active agent.

6. A method for washing a silicon wafer according to
claim 1, wherein a silicon wafer is immersed in warm water
after the step (b) and subsequently subjected to hot-air
drying.

e ———

cet Has Been Replaced

TN



4. A nethod for washing a silicon wafer according to claim1, wherein a
silicon wafer is_imersed in warmwater after the step (b) anpd ——
subsequentlvos"aﬂf'@ét ed to hot-air drying. —_— 5358

17 7. A nethod for washing a silicon wafer: ' ‘mmmmm;n 6,
wherein the washing-reformng solution is an i norggmgi\wl n
cont ai ni ng hydrogen peroxide or a surfaglei active a v " B A nethod
for washing a silicon wafer according to claim1, wherein the

washi ng-reform ng splutipn s, a0 440 el i6-s0ol ution containi
hydrogen peroxide or" a surtace-ac %%’F\?ga‘% S P10 ket &ctording to
claim 6, wherein the washing-reforming solution is an
inorganic basic solution containing hydrogen peroxide or a

surface-active agent.

8. A method for washing a silicon wafer according to
claim 1, wherein the washing-reforming solution is an
inorganic basic solution containing hydrogen peroxide or a
surface-active agent.



