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FOR ETCH N¥OH850243\ warFER Background of the Invention The psﬁgzgp&mﬁggntlon

relates to a nethod for etching a silicon wafer. More specifically, the
present invention relates to a nethod for etching a silicon wafer, 5
whi ch can give a stable surface of a st 1icon wafer. silicon-wafer

pr oduci.ng processes has cone to be an

i nportant step in a po %ﬁfﬁé# $§#Dé#ﬁ81§§W§3@gC§% gkggﬁface of a silicon
wafer wiith sinultaneously nmaintaining a flat shape 10 of the surface of a
silicon mafg Thqn§§cgg étf§b§S@P§ after a | apping step and before a
polishing s ness of a sem conductor device

i nproves, a reqU| r enerithd opreEgnhessivsintiasn | Febataaf dro bacoreghgbvEorr. |t
s difficul r%rgvgﬁ&eaaes«%ﬂr 8 WoreSkbeeaR uagy bu@rgka ent
controlling 1n a ing step, and a preC|s treatnen in an I ng
step, whi ch imverdniiomhireiaices i Methddes rlihing & $i}tepnvidrEer.is

required. |pipradericdd $iitd d YsalsTe asliLERES CHBN . s DPLcBAl WaegQpPOSi tion of
an etching 1 quid but also an, tchlngla%:jars appar us,itself has recently
t

been i nproved. Howeverlfsi ncet bheens ep BY u?bnﬁbrro@§9¥%ﬁﬁ?§ce of
a silicon wfsafticulaxiyatamwnetchimgssoep hubf icom@ntdy Heoramdi@poaranef ace
of a silicon wafer obtalnedtrl t_after_etching in view of g gertl S of 25
silicon, and%R &Hr Pack Pt f& SFFTROn"fa bPts Shydl Bﬁ Bi cﬁ y2 Just
after etchi mj.,l:ld‘tm swatﬁemmwm aimtsltmrmww taintaimsnggat feat nehépeo as
to releLr al n oegrsq&sf (fj deliel'g rggldl nt‘ggf% nsi tLeah tstéBeESmQQS 30

conven onaﬂ een use oni zed wat er nce dei oni ze
after a lapping step and before a pOllShlng step.

Especially, as minuteness ‘of a semiconductor device
improves, a requirement for flatness of a silicon wafer
becomes severer. It is difficult to improve flatness of a
15 silicon wafer by merely controlling in a polishing step,
and a precise treatment in an etching step, which has an
influence upon a surface shape of a silicon wafer, is
required. In orxder to satisfy such a requirement, not only
a composition of an etthing liquid but also an etching
20 apparatus itself has recently been improved.

However, since an etching step aims to corrode a
surface of a silicon wafer, an oxidation film is not
sufficiently formed on a surface of a silicon wafer
obtained right after etching in wview of properties of

25 silicon, and the surface of the silicon wafer exhibits
hydrophobicity. '

Just after etching, the silicon wafer is
subjected to a r1n51ng treatment so as to restrain a
progress of etching. For the rinsing treatment, there has

30 conventionally been used deionized water. Since deionized
water does not have an oxidizing ability, hydrophobicity of
the surface of the silicon wafer is maintained. In such a
condition, the surface of the silicon wafer is activated,
and therefore, a foreign matter is liable to adhere to the



wat.er does not have an oxidizing ability, hydrophobicity of the surface of
the silicon@2PEPBs maintained. In such a condition, the suPCHESISH89Iche
silicon wafer is activated, and therefore, a foreign matter is liable to
adhere to the WD 98/ 50948 .
PCT/ US98/ 08936 2 surface of the silicor? wafer. Mor eover, once a foreign
matter adheres, the foreign matter directly contacts with the silicon
waf er, therelspafagenged G—%ﬁf il igen waedvi ndletrRover ei gneania efotreidghe

fol l ow ng vapRitie:Sifdtheés | Nehe folbk8n mEHERREK: YMIRA A JdSIAIL 1. 5icn
I nsufficient or when a follow ngq drying is insufficient, a rinse adheres to
t he hydr opholsife Siflaan dfafere She BN R HEF it i veerrdimg. | f

the conditi okhes fareiqh N@dtrart iacene! fdElneis aBhiRFRLREPAS A WalET
fied,_The watéer nark 1s not

mark after ttie silic}Ign V\Efer 1 is naturall) ]

a mere trace 3% def Bhr38H’ WAPER. aTRdNRIOE d')l'/%plﬁﬁ‘égffbglﬁﬁto%gé*hﬁfh & he
air and is pEclilawingandrabmyr inl insafifdiciest and tiwssabaheraek teAnd be
renmoved in a,fal ] ' te i ng., APM 15 liquid(i.e , awashing -
liquid prepaf’ ggﬁ%ﬂéﬁ%ﬁ%}{%{%ﬁg t-;aiied %{]gfﬁﬁgnwﬁgﬁﬁxil&e t\%ﬁet %Orm of a
super dei oni z¥ateIdaOR . SUdh thedefoadti tilerofitse madauscichedt oinade of prasess
of produci Ngyateirdr e ﬂ@f&%fnsbtgs al SPatdr Ing 2R sgeg'f%ﬂfe %g*i[si%]zm?&eesrs-

Summary of the I nvenfiqn 2 n consideration o

convent £B8nal ifr HFeFRL hdB&Sent i nvention ains to provide a method for
etching a silicon waferchd haueet hagdkbesngoabh eméPe aPASL AE AL QUIENCAE P! 2
defect in ad&gggg.dw%ﬂgyégké¥é¥ggmgg£§}tgngg'oxygen in the air and i
is
partially and abnormally oxidized, and the waéer mark
cannot be removed in a following washing step using APM
15 liquid (i.e., a washing liquid prepared by diluting ammonia
and hydrogen peroxide with sqperdeibnized.water). Such a
defect iz often cawsed not only in a process of producing

a silicon wafer but also in a semiconductor device process.

Summary of the Invention

20 In consideration of such conventiopal problems,
the present invention aims to provide a method for etching
a silicon wafer, the method being able to avoid an
occurrence of a defect in advance during an etching
treatment.

25 According to the present invention, there is
provided a method for etching a silicon wafer, comprising
the steps of:

lapping a silicon wafer;
etching the silicon wafer; and -

30 polishing the silicon wafer;

wherein the etching step includes an etching treatment
and a rinsing treatment, and at least an oxidizing agent is
added to a rinse to be used for the rinsing treatment,
thereby forming an oxidation film on a surface of the

35 silicon wafer.




25, - - rding to the present invention, there is _provided a
net hod for vg?gﬁ/lg‘r??aga silicon wafer, conprising the steps of: P93
silicon wafer; etching the silicon wafer; and 30 pol i shing the
silicon wafer; wherein the etching step includes an etching treatnent and a
rinsing treatnent, and at |east an oxi @i zing agent is added to a rinse to
be used for the rinsing treatnent, thereby formng an oxidation filmon a
surface of the 35 si BdGF w@fer Oxidig@rsy e such as  ozone, a
PCT/ US98/ 08986uBrSlAed ng, ageinti,ZhAd 8080t FSE60288108088end SLY hald i g
agent, and a_surface-active agent or_a wetti ng}eagent are added to a rinhse

to be used fBPEPEStIET NG Ss chPng TIIRC s 208 319achefer| ket HamEng s
oxi di zed 5 edehing, ttke rswmsiame tifeath@ntsilidwi el fept 0f €Cidigii e
surface of t LLic wa i datdon filmso as .to avoid
generati%n o?sgigéf eg?.e B%?éfs qé@?cr%%%%kglﬁ%)éf’ t FEDRN nFFR/FLing's e
schematic vi ewrfhoai rf Sbedistiildwsonowafer bydkesitablef dddsitgometiles sdn a
met hod for egghgﬁgaq?g_idl gre AR e Lheyd¥, nt invention and a

o] or étchi '

conventi onal net Ing a silicon wafer. Fig. 2 is a graph show ng
an effect of adding ozone in a rinse used for a rinsing treatment. 15

Det ai | ed Desgtipki pageiibRe ohr @‘fertq-@_dugmqgﬁnt The present invention is

her ei nbel ow described | n detall. , . ) :
Fig. 1 is a schematic view showing conditions of

10 adhesion of foreign matters in a method for etching a

silicon wafer of the present invention and a conventional
method for etching a silicon wafer. )
Fig. 2 is a graph showing an effect of adding

ozone in a rinse used for a rinsing treatment.

15 Detailed Description of the Preferred Embodiment
The present invention is hereinbelow described in

detail. _
First, a process of producing a silicon wafer is

generally described. A silicon ingot consisting of silicon

20 single crystals is subjected to slicing, lapping, etching,
polishing, and washing in this order so as to obtain a
silicon wafer as a product. After this, a silicon wafer is
transferred to a process for producing a semiconductor
device. |

25 An etching step is constituted of an etching
treatment and a rinsing treatment which restrains etching.
After lapping a silicon wafer, damages given by a slurry,
or the like, remain on the surface of the silicon wafef.
Etching the silicon wafer is to remove the damages on the

30 surface. Specifically, in the etching step is used a mixed
acid containing hydrogen fluoride (HF), nitric acid (HNO,)
acetic acid (CH;COOH) and water so as to.remove a damaged
layer of the surface of the silicon wafer.

r



First; a process of producing a silicon wafer is generally described. A~
'silicon i nY6&x9858%8i sting of silicon 20 single crystals isPSESER/PE?R6 ¢ o
slicing, |apping, etching, polishing, and washing in this order so as to
obtain a silicon wafer as a product. After this, a silicon wafer is
transferred to a process for producing a sem conductor device. 25

An etching step is constituted of an etching treatnent and a rinsing _
treatment which restrains etching. ABter |apping a silicon wafer, damages

given by a slurry, or the like, remain on the surface of the silicon wafer.

Et ching the silicon vaferinsdngo reesvwenhe demegesabrer hecldd etsthinge.

Speci fi cal i e etghi S | L xed agi Wl y(r ogen
fluoride (h%ﬁe?t%e%%'c a@dg}?eH ¥ esr;% %g%aé?r%hgcgg ?égg%ggﬂ%@;%g%vdv;t%r SO
as to renoumiskdaamedringer 80 QveLfhqwdelage t hersithe okik@f er I awp

- 98/50948  ;ick damp rinse, a cycle of sup_Flﬁgg USR8/ (8% hardfinid Nsi ng
tr eat nent g‘omes after the etching treatnent. _To the rinsi ng{_ht reatnent is

usual | § apgeiieaizegfuivdtedams MeRsatesh seVealorifiSTee, B FMEVRIELOW |n a
qui ck danppiinRee, 2 G¥tbRigédswapkyi g andpl sebafgirng prediticamizash wat er
IS repeated several_ ti.nes. In_an O\ierfl w.ri.nse, a .deionized water is
suppl 1 6d 1 BEEAOF Bhe iR 1HG pIASSE To O HotE 3, SR MRS g o
silicon watee fbottbhe dbt ttdra ofresbelvesselthaso that détonibzedi zextemt er

over | ove. 314 S { ANePUSlt AR AN S IO HB1EN { ol Qragd erpyed. I

t he presenf
to a Lonseresededor

east an oxi di zing agent su as ozone 1s added

In the present invention, at least an oxidizing
agent such as ozone is added to a rinse used for
restraining etching in the aforementioned rinsing treatment
so as to form an oxidation film on the surface of the

15 silicon wafer. Additionally, a neutralizing agent is
preferably added to the rinse to stop an etching reaction,
and a surface-active agent or a wetting agent is preferably
added so as to decrease stains on a surface of a silicon
wafer as much as possible.

20 An oxidizing agent used for the rinsing treatment
in the etching s.tep is not limited, and ozone, hydrogen
peroxide, a mixture of ammonium hydroxide and hydrogen
peroxide, nitric acid, and sulfuric acid, or the like can
be used. '

25 Though an oxidizing agent such as ozone dissolved
at a rate ranging from 0.5 to 40 ppm in deionized water is
effective, the rate is preferably within the Mrar_lge from 2
to 20 ppm from the economical view point. There are
various known methods for generating ozone, and any of the

30 methods can be employed. A temperature for the rinsing
treatment has no limitation, either.

Incidentally, a neutralizing agent, a surface-
active agent, and a wetting agent to be added to the rinse
are not particularly limited, and known agents can be

35 employed for the agents.

L]



restral nrnqys?g)lgbﬁg in the aforementioned rinsing treatnent so as to form
an oxi dation mon the surface of the 15 silicon wafer. PCAGEP89883@I |y

a neutralizing agent is preferably added to the rinse to stop an etching
reaction, and a surface-active agent ofg a wetting agent is preferably added
So as to decrease stains on a surface of a silicon wafer as much as

possi bl e. | 'I‘heAﬁr@ébﬁ'th.HGeggﬁBh £'§erﬁe%é):[n$£'fo“c23| Y af ment
in the etchl step is_not |imted,, ozone rogen p &A%t ure
of. anmoni umﬂga“?oﬁ’ie&é (SP%)F&EO&EW 1  abodi m&nt'cs amcmnaxml Eﬂejpfmésc

acid, or the like can lFagusedis?B schematic viel QM A
such as ozoneg{c_{l ssol ved_at_ a r.ate rang g fromeo 5to 3% m I'n a‘%fsog:?‘!z‘|
y

water is ef f 3EPPF&EC™ hef r FOFSIFHr BRE iR t Bi MeHkod a f ebah2ngo £0
ppm fronst hesttdnoni e@fer ef Mewtpresél'rtmr ﬁnﬁéﬁtﬂ@ﬁ' aH8 &“%@ﬂ%f or

generating a met hod | oyed
t enper at ure%ggﬁgﬁe%rﬁgtncg{%AQ ﬁ}lﬁggl (o %qrm ta??gﬁqgeBFFhé‘Pmeral 1
| nci dent al | ydenohest raaIE*ezlr@Dragwafera sufdacef Ribi.ve agledhs andia (wedd i ng

agent to be gdged tiq the € ul ar | and known
agents can be 35 ! ng o?éﬁaﬁg%a{ih agen éérc b é8/%’?9@gf a silicon
PCT/ US98/ 089889%he plBseRf Figenti §h0W5 heseimbehowacﬁescnmbed ddmdﬁtr:.%n
detail 1 therbasi aaaageabeﬁl Bl ST TMY | RLgur 11568 wéf em”‘t e
vi ew show ng, cond} ns , of adheS| on of foreign ma ers i'n

etching a 5% Fafer LoRTBhESHP¥EENt i nvention and a conventlonal

nmet hod for etching a sit)coh mbderl sHRIL RIS ons of silicen
wafers 1 obtained after a rinsing treatment. One of them
shows no oxidation film after a rinsing treathent using a
15 mere deionized water. The other shows presence of an
oxidation film 2 formed on the surface of the silicon wafer
after a rinsing treatment using a deionized water 1 with an

oxidizing agent such as ozone therein.

(d) of Fig. 1 shows conditions of adhesion of

20 pollutants 3 such as foreign matters which adhered to the
silicon wafers 1 during storage. In case of rinsing with
a mere deionizing water, pollutants 3 and the like directly
adhere to the silicon wafer 1.
Fig. 2 shows effect of rinsing treatments in
25 which ozone was added to a rinse.

As obvious from the results shown in Fig. 2,
rinsing treatments using ozone in a rinse decreases the
generation of defects in silicon wafers in comparison with _

_ a rinsing treatment with mere deionized water.

-~ 30 Incidentally, rates of defects were obtained by
visually.inspecting surfaces of the silicon wafers under a
light-condensed condition.

As described above, according to the present
invention, the generation of a defect on a surface of a

35 silicon wafer is restricted because an oxidation film is
formed on the surface of the silicon wafer by adding an



denotes a Wd%ﬁ%?%@é‘?f er. (a) of Fig. 1 shows a silicon Wa%%r'/ﬁsrl‘h@%% '.. . ......”

condition Jus being cut off a silicon ingot. (b) of ows a -
silicon wafer in a condition 10 after damages on the surface of .the
silicon wafer 1 shown in (a) of Fig. 1 are renoved. (c) of Fig. 1 shows
surface conditions of silicon wafers 1 olgained after a rinsing treatnent.
One of them shows no oxidation filmafter a rinsing treatnent using a 15
nere dei oni zed QigilBIzing Tagemt heucks hass ogbesetee friamsextdabeonskd mr2 a

fornmed on the surface of the silic fer : rinsi rea usifg
a dei oni zed watré'rn%ﬁt{:lrﬁﬁgg‘?fl fzi ﬁ‘gev%f nt géé?%ngs foerz?tgahlggﬁf leereelég.gg%a) S%¢
Fig. 1 shows camgitawirsy abrepiesieon of 20sempobhdugher geyice ayifedichi @r
matters which q:q&erﬁﬁ(éo the silicon wafers 1 during storage. In case of
rinsing with a here deioni zing water, pollutants 3 and the like diirectly
adhere to the silicon wafit Yiewigf phehaheovenf et willkiRei Agery &atertein

25  which ozongyas, Pddeetesd ofl NGk AMveR¥ioHS dredméhtevegubhd dtaverin
Fi g. 2, rnsing treatnentsS usin ozone In a,rinse decreases the gener ation

of defects in FAIVEHRIRIES LI LHARTIYLRi th a rinsing treatnent with

nere deioni zed water. 30 pas various chaigjeienéehld, beatesieof idefbet aheve -

obt ai ned by visually_inspecting surfaces_of t silican fers under. a

Iight-condensed“%’f%?t‘f’bﬁbo'ﬁg 2FrHed QSBWG?ESCESPEan (ﬁ} e A e

i nvention,g he igenesatimrended d&bectabh maefraceontain88 irsi kheormhwfer

is restricted bgcause an | dat f s ' :1.he :

L3 resr cLee %Cf&%gl%rgaﬁ e 1hMhe L8EBRHaAPiHY dfg{,iggs Hail%e
interpreted as illustrative and not in a llmltl\ng sense.
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oxi di zi ng agent such as ozone to a rinse to be used in a rinsi ng treatnent;’

t hereby show ng remarkabl e effect of inproving properties.of a _ -

sem conductor device, yield, or the Iike. 5 In view of the
above, it will be seen that the several 70bjects otmjmwl’rmmﬂmm re

achi eved and ot her advantageous results attained. ' " ﬂes could
be made in thwHADo¥s CRARMEDWIShout departing fromthe scofe 6f the

i nvention, 10 it is intended that all nmatter contained in the above
description and shown in the acconpanying drawi ngs shall be interpreted as
illustrative and ndt inRamethpdi fgrsehshing a7stlaras VYWATY) SCOMRENEDHNGS:

1. A nethod f ﬁeegﬁggggogzsilicon waf er, conprising the steps of.. 'l apping a
silicon wafer} etching the silicon wafer; and 5 _ pol i shing the
silicon wafer: wherein &REPEPEhEN§idLEPT WREGFSs an etching treatnment and a
subsequent rinsing treab&ehﬁngaa@etgqlﬁb@ﬂ @ flergatament conpri ses

o 10 "Sxi dation 11l nPOAIETIHE B0E S LIRET MAEER valor . 2. A method for
etching a silicon wateeiacthedétighing cdtepn ihcWdseian elhehdomer ereaiment of
~ozone in:the gﬂge§u§iggkﬂéiQPeéémLﬁgpjghé éé)fggégngn oxidizing agent is
added to a rinse to be used for the rinsing treatment,
thereby forming an oxidation film on a surface of the

10 silicon wafer. .

2. A method for etching a silicon wafer according to
claim 1, wherein the oxidizing agent is one of ozone,
hydrogen peroxide, a mixture of ammonium hydroxide and
hydrogen peroxide, nitric acid, and sulfuric acid.

3. A method for etching a silicon wafer according to
claim 2, wherein a surface-active agent or a wetting agent
is further added to the rinse.

4. A method for etching a silicon wafer according to
claim 2, wherein a neutralizing_agent is further added to

the rinse.

5. A method for etching a silicon wafer according to

- claim 4,; whewvein a surface-active agent or a wetting agent
is further added to the rinse.

6. A method for etching a silicon wafer according to

claim 1, wherein a neutralizing agent is further added to

the rinse.
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3.. A nethod for etchi nH!m m ,ﬂ U Qm according to claim2, wherein the . .
concent r at WEh9&5094%z one fBol ution is from2 toPEZO/USR#I89A6 A -

nmet hod for etching a silicon wafer according to claim3, wherein the

etching treatnent conprises contacting the wafer with an etchant conprising
hydrogen fluoride, nitric acid, aceti @ acid, and water. 5. A nethod for
etching a silicon wafer according to.claiml, wherein the etching treatnent
conprises contactli-ng BhBehBPEr EQF1$EGMNRE Ghail G Madisi asraRHeE to )
fluorjde, nighhiig &G dhea@dl @ atirdacandctdve agentS o aAwERidiedy fa@fergt chi ng
a silicon wafer_accordin tdo cl 2 m 1,. wherein a neutralizing agent is
further addéd &4 rriar?%@. FO ANfedioPSor etching a silicon wafer
according to claim6, wherein a surface-active agent or a wetting agent is
further added to_he gi : o &tchi i.lico f o
according to cl ai®h l,amﬁéglé?ﬁ fa s%%&%c%is\e}ella%%t&ofééa a\ﬁec{atr:g;ijl%ggnt IS
further addedatim flhe wheredn AVENDEBCSHEETive agent or a wetting agent

is further added to the rinse.
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