, €3e?2?. ./ dOpl 1H26~2T2as$1 1 0 C T 2002, nmi t1l a of the Invention *166166*
Met hod and Appar atus for Etching Silicon Fi'eld of the Invention T
invention relates to a nethod and an apparatus for etching silicon i@CTZWZ
appl ying an etchant containing nitric acid and hydrofluoric acid to the

silicon. Description of the Prior Art For the produ mmmmmmm m conduct or
device, it is well known to formcircuits in many ar in a

lattice patEﬁﬂf%ﬁﬂg%&ﬁﬁfgﬁ&ﬁgiigh a silicon wafer, and djggget he silicon
waf er to separate e 1 ndi vidual areas, thereby produci ng sem conduct or

chi ps. Before diciMethdrk and iAxppanetier foirt FtehdowmSnlprantice to grind the
entire area of the back side of the silicon wafer for the purpose of

i nprovi ng heat dissipation of the resulting sem conductor chips and/or

maki ng thempidind ifi cde Iavénthen etch the entire area of the back side of

the silicon wafer,_ thereby renovi trains _caus rindin ching is
perforned by appIyTQ&f ‘é Mhah Qéi%i% Shitg BnM&s da%Pg aﬂdaﬁgaFﬁ%Fﬁor?c
acid to the macketdeagofs itlieos 'blyC@Ep!\@ﬁ_ﬁg alhenchhgt beeke sidlenof the

silicon wafer, is, etched with a fres tchant,, the back side of the silicon
waf er can bé”ﬁﬁﬁﬁbéqlﬁt@nphgyd§§ﬁﬁgarﬁFr?SFdsGPfEE% SHbY®R®Rr , the repeat ed
use of the etchant tends to turn the etchant brown and roughen the etched
back side of the silicon wafer. To maintain a high etching quality,

therefore, iResorinidedsof, the Rsdox BAEbsh etchant without repeatedly using

the etchant. This gakemelehidubiisalln SAteidiRiRbby BaRLLL, St igf the

I nvention The object of the present invention is to provide a
2002 - 2 noveall dﬁwnnﬁpoxf@@metcc,lm:ﬁgtﬁeﬂ-nomaaﬁdaaeeararmnqmclhn c%m

mar kedly redygcs { Ip%&%teﬁf ol ‘EW ”ng‘fﬁéfem@t b)élﬁ.‘fBSﬁtv? Jr Usi

et chant at Ieast tirally, wthout deteriorating t qua ity o etchlng,
and whi ch arcblcf:ﬁartthel:@lld-rll%ﬁ?nsmatfﬁl &of eepapatensher éé@in@lé@ith)re@Q ching the

back side ofyge 8y G¥OMRI®lg semiconductor chips. Before dicing the
silicon wafer, it is common practice to grind the entire
area of the back side of the silicon wafer for the purpose
of improving heat dissipation of the resulting
semiconductor chips and/or making them thin slices, and
then etch the entire area of the back side of the silicon
wafer, thereby removing strains caused by grinding.
Etching is performed by applying an etchant containing
nitric acid and hydrofluoric acid to the back side of the
silicon wafer.

When the back side of the silicon wafer is etched
with a fresh etchant, the back side of the silicon wafer
can be formed into the desired mirror surface. However,
the repeated use of the etchant tends to turn the etchant
brown and roughen the etched back side of the silicon
wafer. To maintain a high etching quality, therefore, it
is necessary to use a fresh etchant without repeatedly
using the etchant. This makes etching treatment

considerably costly.

ventio

The object of the present invention is to provide a

Iy
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The inventors of the present invention conducted extensive studies, and
obtained the followi ng findings: Wien silicon is etched with an etcgh t
containing nitric acid and hydrofluoric acid, an NOx (x denotes a Hogﬁ I@@Z
integer), such as NO2 or NO, is formed. On ng to the presence of a

consi derabl e amount of such NOX, the etchant is colored brown, and the
etching quality of silicon declines. Wieh the etchant, which has been used

in etchin us_ cont.ai ns idera a nt_o X, i.S.bro t into
contact vt iavelid e e o hBREa HRU Lo Bh NERS Rt R XL o
whi | e acconmeaykedl  heedife tHencestt bg etehany casabeentcygl ed wit hout

deterioration of the etching quality. According to the present. invention,
as an etchirﬁFEﬁﬂWﬁéﬁX(ﬂs¥ﬂ%z% Fﬁﬁkﬁﬁé dhovEeag sE?FBéﬂlgbje%%Fh?%%re is

provi ded an &é%&ﬂi@@%h@&éﬁx@l&& o¥NcebBhhhY sh&PwR{cRPREYI Ng an
etchant containing nitric acid _and hydrofluoriC acid to silicon to etch the

silicon, indraichFRlarhechidaplieedorer BUtoRost EBSEFiFEedvEP i nGLEMENSt chant

used in the giehihg I&R A RiilngLRdwafgas inert to the etchant into
contact with the recovered etchant to regenerate the etchant, at |east a
part of the regeneFheetneertern of ttdre muemrnty iaventéganepadusiern t he
ecover v/ T SOSNRLAL A MER ] M BYREdnn thE FhElbNgnd! eRnaThe. P2

th the etc I'n the r

contacted wi ant recovere recovery/regeneration step is
preferably dihen gthbiehimdgia etehadetdthednesbotibnencontainhrgenthihy step, a
110CT 2002 ggﬁ; r.m unt, of;~t h %ﬂﬂﬂ§ (S d.vwered out of
t he et chant %%Jé%n%%no%gie |%dagrrc}?§rjcaglr1§t’i %rﬂl E\Ighk& :&n 'S sap?plp?)gdlt;ig’resi l'icon,
t_he rlegeneraimmbﬁmhgmudmrals ﬂﬁgegtnN@heiﬁpmﬁnr@dst@mihg tet tu_haed to thg
circulation re I ng S n_co NLAg Nl iri .4 an
hydr of | uori Cﬁ%é;éf%n?é; cf@aa icgqngat%ga@%rec%hg%hgnO?agfflg*‘oiﬂeﬁr iq-‘r{bel r?é:cg}%nlqeast
the proportion ofldyeld dtawr, anecithe etchengt ghadtitynofheiticonl ation tank
Ciroul a1 on GRS 2 Wheh coropragaEtep ke f St dEt Sdd i ermi ned
proportion oftehinetaidnthusegemdradned a ronkédesebler ghpegenefaldon istep i s
di scar ded, qu r 'qgg[ | § T ed in_t chi.n t i.scar ded
proportion o 1%@$%t% ant réﬁgﬁéra%ﬁdgiﬁgfhg%Fgéoggrgpgeggﬁggg fggéﬁtep is
preferably s msemtvedafrem Wrpidtidheingmwihg lec bireoagabyingehhehgasnount of

hexaf | uor osijdlle agld Jond idud e SLebing sl enAnd hhecanmunt ;g

hexaf | uorosifTcic” acid con In the regenerate an I Scarded. The
t enperat ure aof tihe etahbng auyllited to the silicon in the etching step is

preferably adj ust eHcE8r&iR§ eﬁc?t@ﬁé”#& "r{\?etijt%n ,A%%O%%L 23 henlne
present invention, as an efching apparatus Tor attai'ning the

above- descr inrthab| £or , attrimnslns Yheovibdye-deserdhedgobppatat tbeferiappl yi ng
an et chant ﬁ9ﬂ5 | A i 2 s aci f; i grackdnt 0 SLLLEORet 0o etch
the silicon, cdﬁ%$%€9ﬁgf&§3%p Fgﬁggﬁéb%%&eéﬁgg r%Pn%kgﬂéﬁgiF%%gng¥o be
etched; trarapptyingaais ¢thandy Igant@inkiagsiniitgde eeiBeastdched onto the

support mar@%}ﬁéﬁl&@ffé’iﬁ}%&%%ﬁ&%ngtloi CRRROYhL 0L § BE gUPPOrt means; a

circul ation | cconmo ng the etchant containing nitri ¢ acid and
hydrof | uori cizzlwedirgchant applicator neans for applying the etchant

accormodat ed in thg gLEGYLAL Y PRGLANKE fod &l |d£Pcovering the

etchant used in the etching step, and bringing a gas inert
to the etchant into contact with the recovered etchant to
regenerate the etchant,

at least a part of the regenerated etchant after
recovery and regeneration in the recovery/regeneration
step being reused in the etching step.

The gas contacted with the etchant recovered in the
recovery/regeneration step is preferably air. According

to a preferred embodiment, in the etching step, a



110CT 2002 - 4 supported by the support neans; recovery nmeans for
recovering the etchant applied to the silicon supported by the SUPPOTHCT 2002
nmeans; regeneration neans for bringing a gas inert to the etchant into
contact with the etchant recovered by the recovery neans to regenerate the
etchant; and circulation neans for returning at |east a part of the etchant
regenerated by the regeneration nmeans 1o the circulation tank. The

regeneration ans pr.ef erabl ripgs.air_into contact, with the recovered
ctonant - ThETEARRGRIIG S5, BRGLERePF P BnBLLRHERL L el VsEhatth (o neans | s
conposed of thegatchafitti dceconnaahtb@Weh &nEipeh gt Boidhisednidngpacked with
many packi ng el.enents, etchant introduction nmeans for introducing the

et chant to B®Pld§ehéPaféd icPPonthBovRIBRBI #EEH QENIMN f0H FYURE Adi n

section, gaghRPualy QR PPIRS rbLhrhBET PHUERE Y fr ARtat {HNAFIOW e main
section into the main~section, and gas di scharge nmeans for discharging the

gas from ab@v&epienighingespilvtiorTheoghainingi viteoin saagid et i ncl udes a
col | ection f I ang ot et n h rd through
the main se%??oﬁ:q%ﬁgqgtgﬁggtgfn g%d%ﬁ ?o%h%méﬁéﬁﬁﬁﬁé%)uces ﬁ%ﬂgtchant
recover ed byrtihgingcavedpastanbei propohtiomi of skydiahluandt s rdepeat edl y

LoLroduces TS elehdnk G8! LRe! B9 LELocihg eohk ol S dancdgimde main
section. Replenishient means i S dI'Sposed for teedi nga replenishing
sol uti on cowedne bgforer theaetdhant hyddelivered fuwoom the acidmulatricom ati on

tank for bringin t least th [ op ion nafl uqri cid in the
etchant int gkC%P%uFaPF§% FgﬁEEP §£%Pédéfé?€§%%§}YValu§%§ 5F5m%ﬁggetchant
appl i cat or preporddonyeifs thieeeethhant regenetraeedi fxutlati on tank for a next
etching step. Discar

d neans _is provided for discardin redet er mj ned
pr opor ti on 6FoENETaY ERFRPSFa5eRE, ATER bY THECTEJERErat o freae iR
et chant applilsc atewsededns tthel etehing stépl ke Widd@dFdedd proportion

of the etchant regenerated in the recovery/regeneration
step 1s preferably set such that an equilibrium is
achieved between the amount of hexafluorosilicic acid
formed in the etching step and the amount of
hexafluorosilicic acid contained in the regenerated
etchant discarded. The temperature of the etchant applied
to the silicon in the etching step is preferably adjusted
to a predetermined temperature.

According to the present invention, as an etching
apparatus for attaining the above-described object, there
is provided an etching apparatus for applying an etchant
containing nitric acid and hydrofluoric acid to silicon to
etch the silicon, comprising:

support means for supporting the silicon to be
etched;

transport means for carrying the silicon to be
etched onto the support means, and carrying the etched
silicon out of the support means;

a circulation tank accommodating the etchant
containing nitric acid and hydrofluoric acid;

etchant applicator means for applying the etchant

accommodated in the circulation tank to the silicon



predet erm ned anount of the etchant fromthe circulation tank, and applies
it to the silicon supported by the support means. Preferably, tenperagpy ey
adj ustment means is provided for adjusting the etchant in the circul ation
tank to a predeterm ned tenperature. Brief Description of the Drawings FIG
1 is a schematic view showi ng a pref er_rﬁd_enbodi ment of an etching
apparatus constituted in accordance with the present invention; and FIG 2
is a schematic se%tgio altvi ew ShOV\{:/n su%port means in the etching

appar at us of "PPEI ¥ BY(THERUPBYHYi B 'S ound the support means. Detail ed
Description of theddoekey adangb@drneatover ehertrd endpshtredisl iafd an

et ching nethod and an, etching aggar atus in accordance with the present

i nvention witPl thewSheiaRBcFHBRACFRA Y afl1e \FUBPQEE d1&aNSe to t he

acconpanyi ng dr awiRgenerh®ioh Riea8E! Yoshomengingt §hhne PR aldiche
constituted in accordance with the present inventionh. The etching apparatus
has support ¥€BA8L21NbP SOPPAFti WHLR| the AT AAHe T@IIMEFeITRY $hSport neans
21s rOtataQ%&o@%Q??ﬁgaPQngohﬁé Bhetd e UARE &Nh A SRR antial Iy

hori zontal, flat, Circular suppgrt surface 4. To the support neans 2, a
drive source 6 is cdovndettdenyingaggi fabl setinkving ebnhezst on padh{ not
shown) . Whe h L 'oigzﬂgl L or,. |

ener gi zed, t%lklltée %&géé}r{? ?ngég%g&é?‘}:%gfﬂo*a ed %?@%%%eregne[%tsaﬁoohzﬁe speed.

I n conj unct camcwilehibhetsopport nmeans 2, transport nmeans 8 schemmtically

shown in FIG 1 i i he iLLLu | t, s [licon to
be etched is a nezsarrhl yi%%glglrialtteqogﬁ ﬁec%gr% %%g%E%BEWTﬁgiﬁ%nash%ﬁ%%ans 8 may
be one in acwmaltlcknewhhf bhen whtotiecead ¢tcrmport Thiee foliowingca¥eZoo2 - 6
silicon wafer hr.ou N iLre at ile.vacu tract.i h
silicon waf gfe%%rggdaeﬂgg)ﬁf‘m%ﬁgsbf draﬂDe \%g\r%eé:(r%r%l% U(&:{ha %aﬁ'gp%?’@gﬂégﬁs 8
carries oneodi hi gas-hafieidl6pnhhcthhtbaesr hivenl wd srodaa gesdin fssctaanpl e, from
a grinding device, onto S o] a i h i.l i con wafer
To" whi ch ngehegvarhnmany, BERaR SEAG . PR it ppor
neans 2 to aermeguifredihbretiomnngetbéi egchanthstagpandegrnanegedt, themsilicon
vafer 10 wi Lh g dgacpLhedeLalen, oo e Shdison s thLarried onto the
support neans i S placed on"the suppori neans upsirde agown, i.e., with
its back sidatdiodectednupeand. £6n fherédueing de gds tfiomsiddloon thef er 10,
accordingly I surf the.sill f 1 Sy on the
support meahs ,%\aé%é%rg}éu;ﬁggngpesﬂg\liﬁ)é%cg@?%lﬁ\?re%ﬂ?n %%CCH' ocfﬁh%%r?y ar eas
arranged i nmaahst tfocedpathergingothbegéackren debofe ttiee gidiirc greorafogr. 10, a
protective thlm_(not . [ e; fro i4abl astic
filmis bongglg. #%e&ﬁggﬁg%g@é?@t ﬁé}w%?l }lﬁ:cgj%l‘sr&v\g egr %ﬁl%%gclocf}git%grﬁ! , an
upwar dl y exgogedodppetisgr theeetthahe that coms whiewed dewnyszdbed on t he
support nea as,heen.qgr Mt h rdngj i l:l.ed gri nder
(not shown) T_E%Egé?'lglrﬂe%{l%eﬁgflﬁi %%Eg\}va er l?begiégﬁgiaér}%l gg‘\eépr??ggt%ﬁéﬁsﬂ%gg%t means
2. Thus, thénpaokucedetbr ehehshti tenoviered 1Y hae reeUeRy franised to
grinding. Etching,i.s f N e h. { out er
di anet er of Tl?’ %eo g"lhlei I(I:lg%hvvg% gr‘e_ ﬁfb ’b%?ﬁegjé%lgtﬁggg%g%%ﬁ %a%ﬁd%ss-@s}genevmm
great er thaetchansucelldcamst éntof thhecel keet don stppbrintyurfhe aatirof t he
support nea .+ Ref I j ot pqart neans 2
inthe ill u%t%rcgtlgg'eﬁ%%%?gn%ﬁlm%%qﬁﬁ%{psg}%wﬁlh%aoﬁe I%dvﬁ %%ﬁé‘“%zg The air

bl ow neans I2pimmiahihgnsellutdoextentangifgomibeiowathe support nmeans 2 up
to a peripheral of. the.s r{,ne f e t.endi.ng al ong

t he | ower sgllyggggqggrtlﬁeggﬁfii gg‘%gv\%%rg?%c%}%gg noﬁgégef%rﬁ%%ﬂglﬁ%ans 2.
Air supplieatf lems&d the proportion of hydrofluoric acid in the

etchant in the circulation tank to a predetermined value
before the etchant applicator means delivers the etchant
from the circulation tank for a next etching step.

Discard means is provided for discarding a predetermined
proportion of the etchant regenerated by the regeneration

means. The etchant applicator means delivers a



1i 0 C 12002 conpressed air source (not shown) flows from around the
peripheral edge of the support neans 2 along the | ower surface of {£Nng(T 2002
silicon wafer 10, and prevents an etchant, which has been applied to the
upper surface of the silicon wafer 10, fromflovvl ng to the | ower surface of
the silicon wafer 10 (application of thq[:_> etchant to the upper surface of
the silicon wafer 10 will be described i*n"further detail later on). The

support neans 2 is al so _equi pped with recover ans 16 for recqvering the
et chant appPr&detsraiaedpp@pustr PAcERBetRA ’%/{E e SLFHLGT 1R support

means 2. TheanRGOUAHY afpaResl8ti 0 CORPOSED n & Fipd AN, rber 20 and a
novi ng menber 22 which cooperatively forma recovery tank. The stationary
menber 20 h&@P@OéVI Meanpcal Posferalg 1 tEmpeg@ taieu sl usstestmh Wapns 26, and a
cylindrical &s %’?‘c‘bv‘ﬂ@l&lﬂ 28y Iﬁﬁug?ihggtﬁ@”@@éh%%th e z'gﬂ{lact%' nl over
porti on, an upper por ion-arcuate in sectional shape.

applicati onta{nkt lte et phedetemmdineletepperaturéace of the silicon wafer 10
on the support nmeans 2, the noving nenber 22 is |located at an ascendi ng
position indi cated by SO|Id Ilnes in FIG 2. In this state, the etchant

fl owi ng radpalil astifépuppe ) praginge silicon wafer 10is admtted
into the recoverypﬁg 16 from an nnuI ar get .30 defi n ween t he
upper end of the i 3 aZSQCJ’fe éﬂ”’oﬁ PylﬂgnBePrﬁ % t he upper
end of the m‘bbﬁlgm@nlffbelf aa. e‘ﬁhhﬁlngheppataﬂm oot ithdted im nsed with a
cleaning liquid ure water, the novin nber 22 is |ocated at
a descendi n§°58§ PSﬁ f"’r]r%‘ihcipgdl:’ﬁ?s?ﬁg HOY LR | %ﬁg‘; in FIG 2. Thus, the
annul ar inlet 30 i@l @sed ahsenatike sebeabnag viguwi dhwlm evented from
flowng into the recovery th reference the etching
appar at us i RUPEGEE H‘e@PFc&Patt?’Sn ?SH&“%zaPR%aE?‘? c%’Lr aFt'féb'n ]t'a CQ

acconmodat emeamsegebaaae%a&@um appl segpéot teanpper surface of the
silicon wafer orne on the support means 110CT 2002 -8_ 2. The
etchant 34 is an aqueous sol ution contai ni ng nitric aC| d and hydrofluoric
aci d. The cpegalid 2K P4 i E M -(" Lieived i seitsor 36 whi ch
detects the liquid |level o t chant cco ted in cul ation
tank 32 when thi s%’ierﬁﬁrd:q cﬁ:ﬁeﬁ%’ pF‘E &t& r]rf‘ﬁeﬂeﬁggﬁgt 3%t chant
appl i cator eeehind8 alp@adlasptssé_ch Boroapphyée ngithetlee cpaeuerail Jlrnremta’on
circulation_tank 32 t.he back si.de .o silicop waf er n the support
neans 2. Th(‘é’lgﬁcﬁgﬁ’t L&pf}lef’(?ﬁ deafgngeggl? wfjﬁlé Wfﬁ’é??%ﬁ etdoe odi ment
includes a apreypanying 42acdmgected to the circulation tank 32 via a

poci t1on' (1he posim SHOMELLY e Rt rRe SEBRFabR® at of 10 borne on

t he support cmmsitﬁtealndnaan@nrdpar:at wmghp’olsetpnasentremmifdro.m gheve t he
silicon wafer O _t he hannel 40. a rrg g an_on- Ooltg val ve 44 are
di sposed. DS\Tvﬁ P2 PPRAS R t‘lﬁehﬁﬁnﬁuﬁgor B 3ﬂ%h ?h 28R Wihosed for
connecting tHaickantel bé0etehide cTheusatpart txmdnSBZ iGn rotathbagch pat h

46, terrperature ust ns,50 is dIS sed Lo h th an on-off
val ve 48. THEWE ér&flrﬁrleglagdj strEntP %5% Oan%‘f/ %ggcgﬁp%\is}éd of a heat

exchanger whioat zontialselffl awgl lcikwalar $hpportcshafaoce tanko32hes al so
provi ded with repleni shnment nmeans 52 cq d, of [ eni shing solution
tank. The rgﬁlpé’l? é:hﬁfﬁinsmgan? %fll‘@ 88Hg§ gdlf'ocgﬂgg'g#?@u‘f]aﬁl on tank 32
via a channeh i%4bllensirde inke cmmeemushnmeanﬁeanetSQhoanyeplvmrelnSMhreg
solution 56 caqntaini n% ni tr| c . aci d hydﬁ guori c acid |s accom‘roeecgt ed.
On the chanf&RVSa SOYETEN Sut PP\FdP\?é‘ g RS Bi8posed FBH°tont? of 19y ¥%edi ng
of a repl enithle BGppoIrtt mednisr letsheorceﬁleenashangeqahuédomtaam@ﬁazlto t he
circulation tank 32 for replenishnment. In the etching apparatus constituted
in accor dané®Sf%h t he present invention, it is inmportant that regeneration

means 60 be di sposgd. cJﬂ'tﬁlﬂ&Q&bl?rv@IﬂrQrtHE%@%)pork helnG I,2003nsport

means 8 schematically shown in FIG. 1 is disposed. 1In the

illustrated embodiment, the silicon to be etched is a
nearly disk-like silicon wafer 10. The transport means 8

may be one in a well known form which can transport the



_ g _60in the illustrated enbodinment is conposed of a gasliquid contact
tower 62. The gas-liquid contact tower 62 may be shaped |ike an upright
cylinder, and its main section 64 is packed with many packing el en®AtQlT(200Et
shown) for pronoting gas-liquid contact. At an upper end portion of the
gas-liquid contact tower 62, there are %’sposed et chant introduction neans
66 which can be conposed of a spray nozzZl €, and gas di scharge neans 68
whi ch may beﬁn exhaust pipe. At a lower end portion of the gas-liquid

I

contact towsilggongyates: L8dGEEPBAR nBaheITHr Gl RAChafR bk dFATHIMt pi pe i s

di sposed. TQtihacgang #heodysticon WBABS V. t8 HaprStPRind SPUTLhokdnsS
connected. Below the gas-liquid contact tower 62, a collection tank 74 is

di sposed. TR&MyppBRcRnErdRSPREL deganstd Gruklpe PAg §iildceny wafer 10,
comuni cat i s W€ he .l I th &0 t {VE{q 62. If
desired, i ng@é’\gg @Ptst E’Seﬂggéﬁg?gf%ﬁ’ nggggéggﬁ}giorrbgfse of%[rhie Gas- | i qui d
cont act towslevéZepaoksd Wwheh sHpRPrpabking 2 cakttcaryies cthmys Pelagsed ot her
suitable fo regener.at.i , X r n { O S
conposed of MRS Jpactr Mas bR urieheht At el e Lo R Y | qui o
contact toweritkavnngheasyuppbatescéns-2zatdea tedatred dmradiomRegenerati on
means nmay be conposed_of an ope ank_acc dat i the etch 34 .to be

r egener at ed,(egfﬁgaﬁgg irﬁfltsd‘&@cfaingnéf%éﬂg ?gmﬂt?bﬁﬂ%‘?%g‘” %fé{sjﬂiji"? ly into
this tank. TBeedabetrdeped lanesdt bagoverhe neidnscdhb wafexonieciaed iled bheoet chant
i ntroduction neans 66 of the gas-Iliquid contgﬁt tower 62 via a%channel 76.
On the chanf@€ PEPPRIL ASRE #s i 838836.0% o TRRYT or*¢ 3k 74 di sposed
bel ow t he gapslideuddwnontiaet. ,t @Weh £Psi Bsacknaeds editectdd whannel 04a,
upstream fromthe punp .78, .via a channel 80. t he chanpel_ 80, an on-off
VaTve 82 i 5 U f8BH S eke oo PEC PO ICERNATHT | L0 ATT EAHECIBd o T he
circul ati on llol 8@rfiadeaofhamneekid4conhwacet! eCtaonpladdd dnithelso 1 1
0 CT 2002 - to L;1)_Ir ovi ded \w rai négath apnel 84

th a d 86. On,thie ch

constit uti n§UPPPEL BERDS deafs CIEAULR- HPPTVEAPQUN Bals ST WFRHHSHY.€35H t he
% ain path &&f m@ﬂyt Etr@hisn_grd'ia&@éﬁdifrEaI’I&atﬁmcénp@\f:fEele vavlo%;ries F:Edicéposed. )

e actions af, t regqQi.ng etchin aratus are.,as fol]lows: Prior to the
T Ctrati on shds 0% tRenaaneeh: Fares: REDop ThEPLErEiTS RmolBa {11 P with
t he et chant shwing &hhiehgkianabewWfoehetinérbrvel satbsle 361 aket fetSilmheid i quid
| evel of thg1 et.chant %4. Thg etﬁhan 4 contains a pre eot erm ned proportion
of nitric adCRdEtd aTRFRREEr AP L hridboritoE f1%Uori ¢ acid. The
content of tdeeoridiniglyaciath nmwalkelgbenpo2dt appp dbyriecghdf whel e t he
content of t%yﬁgr.ofl uori.c agi Wher e

i.d_may.be about to 15% by wei ght.

necessary, J‘Sﬁﬁpwﬁ'§%rsigc?ﬁa¥’é8?e§/i PH Fﬁg BHPB?¥€\/‘E\?%§4%’ dt&hosed on
t he channel bé@nberognd edet, aamdiniéngndeficeataeld® Waspogeihdsr t he branch
path 46 bei pened. As.a _resul the.etchant 34.in.the_circul ation tank
52 i's o r oul 200 SERPBgh PETE Ee hBEr Atui-coRdr HEeheh! HeA St i Soy ¢ he
et chant 34 ithebsappbirtt meznsequi reldus endes dbacle sridec o firephabes ilfigonexanpl e,
20C. The etchi ep _aof etching_the.back, side, i.e., r. sur.face, of the
silicon waf &Pf%% iér E’iagd s%ﬁta&ntshgsgﬁb%ﬁt tﬂegﬁénil?g' p g'PTPegd J‘t?y actuating
t he punp 43 petifiolrmiede ion-oafdervabveed8vdi spohedtpaihde Mrenciutrat h 46 being
cl osed, and t.he on-off \c{"ﬁ‘l ve .44 di a&oged 28 he channgl 40 bei ng opened,
t her eby spré{ﬁ Fife Ot gt 134 PBWEPESEh ubBEPesﬂ?fBE% DIPRHE"si | i con
waf er 10 thneagls RhdssporewhezlgeedZerAshha YRkl owbennd bamegepesplheski | | ed

i itric acid and Pydrofluoric

in the art, when_.the etchant 34 contai ning. n
acid 1s SprSEUOREr SREA I SE TP FadeOs! LR e EPPPEbMEAREr 220, an

oxi dation reacti OrReEx EESEE D IS . 2+ a2 ddOFithSFIGZ +,NoBet+shifpartiz0
means 2 in the illustrated embodiment is equipped with air
blow means 12. The air blow means 12 has a channel 14
extending from below the support means 2 up to a
peripheral edge of the support means 2, and further
extending along the lower surface of the silicon wafer 10

placed on the support means 2. Air supplied from a



takes place as a first stage, and a dissolution reaction expressed by 11
0O CT 2002 - 11 Si02 + 6HF -j H2SIi F6 + 2H20 occurs as a second stag¢gc1gﬁg
Thus, etching of the silicon wafer 10 can be expressed by Si. + 2HNO3

-~ HcSiFs + 3H20 + NO2 + NO Under a situation under which a sufficient
anount of nitric acid is present, the etching speed is determ ned by the
concentration of hydrofluoric acid and‘t%e’tenperature of the etchant 34.

To set a required etching speed, therefore, it_is inportant to set the
t enper at ur e GIMRYES SECC RdAt S?P/!Jr§te énBFeGBPEPﬁn ﬁé@"@af-{@m aFRURGtER%e cont ent

of hydrofl U?ﬁéﬁpﬁ@ﬁlated%ep%%d%%‘ér @hpﬁgr‘éahéénsag t&ﬁ%ﬁ%aéhéeio excessive

content of tric acid the etchant“34. To etc pper surface of one
silicon waf gurfergs &fedhen stildoopppeferndlnsandi prevantecan retrkantte, the

etchant in %Hﬁpgl%[%lwou?h %E:[i"i%td kGl F@Sig sFE?;EcSXé’Fp{ e o

liters, is spraye e’ spray nozz plyrng the e lgnt 34
to the uppemaﬁﬂn‘ dde (fﬁ:omhélsxwlun(gomovmherlmwemnsuhéasepcpf)rthersarﬂs:.czmo etch

the silicon 0, port S is.rotated at _a speed | ch may
be_about 00 hh 1) (AREd FdBatre oF; RBR.BeklRPtaR o hpd) i FL ir ks
sufflC|entl)oﬂunHemyﬁnﬁcbmr@mghﬂuuoth&lmpberd&staBEdointﬂ@rshércon waf er

10. The airﬁg%ow ans 12 prOV|ﬂed on t he su é nmeans 2 flaws air from
around t he ' e )of THE SUPPRTt Iﬁ% o G 1REY surf ace

of the sili cpitWafefovkly hfé%ﬁfsb)&6prf©\teﬂbbﬂgekhﬁgetﬁéaétcﬁén{ rQeprosd acting
the | ower surface, i.e., the face si the silicon wafer 10. The noving

menber 22 oftd He'& SERFEr FUrEATE P it gel §¢ F-EﬂnaWaFﬁE L8 /R dHRY position

i ndi cat ed bysdpp:30hiehs 78S mﬂeFk&:oaerﬁQnémé 1deietahgseit oA awed on
t he upper surface of the silicon wafer 10,is recovered into the recovery

means 16. SiShfttianedsMEmRsth 4h&ngt & Ro¥inghBeRBEV edéstriBRd et chi ng st ep,
or during tltﬁ:cgié:ﬂutﬁgzeitye&ox&r aAfdetbveeplahkQn Me theatelorhinyy neider 2 1

1 0CT 2002

20 has a cylindrical outer wall 24, an annular bottom wall
26, and a cylindrical inner wall 28. The moving member 22
has a cylindrical lower portion, and an upper portion
arcuate in sectional shape. During application of the
etchant onto the upper surface of the silicon wafer 10 on
the support means 2, the moving member 22 is located at an
ascending position indicated by solid lines in FIG. 2. 1In
this state, the etchant flowing radially on the upper
surface of the silicon wafer 10 is admitted into the
recovery means 16 from an annular inlet 30 defined between
the upper end of the inner wall 28 of the stationary
member 20 and the upper end of the moving member 22. When
the silicon wafer 10 is rinsed with a cleaning liquid
which may be pure water, the moving member 22 is located
at a descending position indicated by two~dot chain lines
in FIG. 2. Thus, the annular inlet 30 is closed, whereby
the cleaning liquid is prevented from flowing into the
recovery means 16.

With reference to FIG. 1, the etching apparatus
includes a circulation tank 32. The circulation tank 32
accommodates an etchant 34 to be applied to the upper

surface of the silicon wafer 10 borne on the support means



- 12 recovery/regeneration step for the etchant 34 is perforned. In
recovery/regeneration step, the punp 78 is actuated, with the on- ofﬁ10§]@32
88 di sposed on the channel 84 being closed, the on- of f valve 90 di sposed on
the drain path 86 being closed, and the on-off valve 82 disposed on the
channel 80 bei ng opened. Thus, the etchagt 34 recovered into the recovery
nmeans 16 is fed to the etchant introduTtton neans 66 of the gas-liquid

cont act tomei 62 t hr ough the channel 76, and f]owed downward. through the

mai n sect i on? 64.The SR ag%s 3 4§ ANCBRARERYS (T ED FHEFHE S ppl i ed from

the gas supphytspsr&eid and Hydwrd udHie acshte Bed aw tdel 4®idh SRGiK on 64,
and flowed upward through the main section 64. Hence, the descendi ng

etchant 34 ahdl +hHePLRE i tdhs drevedr 66RO AfOWBLEBCERYECEDNERRL in the
mai n secti O”thcfuP cf&peymgfﬂ Eﬂ”ée Qa%bggmgb t_sLn Agest at ed earlier,
e

etching of t upper surface of e Ssilicon wa 0 resuFts in the
formation ofcNGuINCROmIThIND32 Uﬁ)@m ¢hrisadtiqofidt heveﬂcnaachea &ith the gas,

gas ascendi - 0 ORL TR B 1 B | B A W et ol B T Mo, s

di schar ged fdnmpmm@dg@srIagpmyingammac@tthaﬁt 62 uhrmhghcuheugasldmscharge
nmeans 68, and reI sed aft requi red _ treatnent as.contacted with

t he et chant %‘31 éa? o%} ﬁﬁ@‘ %lgjg?r %t(;tnfhél Sﬂﬁnfﬂagﬁg ido °Bah™Be cited
as a prefer rmdpgast xﬁéardeesz recthenetbngﬁﬂ app hicater tmemss SIE hirasts gon or
hel iumcan b sed. Th ch 4 fl downwar d_t hr ough_t he main
section 64 oflf %tﬁ%E I%ﬁq quﬁgr 6§pF§YCBPF5£?eéZ|nto t he

col l ection temwnééhedumbrﬁﬁaudmxtdxaﬂﬂma enakadl wakr advhbnosl ngans 66

t hrough the channel zg]dareﬂl:z téffl i e tlé E}&omthe recover ed

et chant 34, e|§PEﬁ¥ﬁ%ﬁ4 15 7€ HXﬁ Y3RTPEg eFSdaFn?BeFﬁEl?%covery
means 16 is ﬁda@ﬂmbxdowwrpbshmmgmﬁdm TR FISECH) OlabG'GeOf:héhEJ.gﬁéoﬂll quid

contact tower epeat edl vy, urality of ti 13
pon compl er¥Bhebr LU TR Sk e Symeirk R6A St &p ABA FnBOBTERRATCANO { he
on-of f val vep&2i ¢li siposetk it ddhef i rtRive8@ hies stlloged. witieroneof forval ve 90
di sposed on the rain 86 i s opened for predetermn eriod of tine,
whereby a predRt ‘%@%éﬂn&hﬁnwﬂ>t anc89e986°§%dvﬁi§§ng?ag58 etchant 34
is discardeddﬁ&pﬁge@.reqU|red treatnment. Upon etching of the silicon wafer
10, hexafluorosill %F@SIFfI% i S fou d a sta ed 6%IOU8|y
Accordingly, repea 83“5 Eﬁ? FRLHRS R, Vadh :rqqe @' § e anount
of hexaf | uor@ssposed fmmctdnnéduing(ﬁh&nbhaﬂnemoweveb thb aipcedlet eoni ned
amount of theg nt 34 vere nd, regengrated for each etchlng step is
di scar ded, tﬁ%eﬁngghtcg¥t %FF&S%OEP?PC? ’ag?%p%5ﬂ£V5?e %t chi ng
step, and t heeam®usd Iﬂ dmsgﬁéeﬂnﬂngdﬂhﬁrcwamhdamonhabmédvamvehQBdlscarded
etchant 34 cong_e after.a pred ternlne nunbe of the e %n st eps
are perforned T?EW% ?E&refﬁgéﬁ Wea@Fc 8cFgy; etﬁgmgPEﬁé %

conti nues toh@&tnaxeh&ng&niwhnch(mynmuﬂ51fameuntknAwmordTMg t he experience
of the inventors exaf | uor. tchant 34
i s about 10(’/CJ0§/ %?%:an el}al}q(g ST, Jtsne‘?1 “eSénde gfj W&% F&grdtggllff’ Bgam dis
substantlalImeamﬁl&blqompnsﬁdenﬁ atnepiamnsmgngtspladuemsebnk.Irmnme
illustrated enb glne? 2 égt cgzthe rec%y d %ng enerz gd et chant 34
i s di scarded” P te% W%% odﬂ%e ) ﬁf[ﬁﬁﬂp hg @8v r&d st Eh8At 34 can
be di scar dedcéek oz 2 ve@weﬂmﬂm 53 rmt[hamaeushg r\ephemismﬁém méwnst art of
di scarding t etchant 34 by openjng the on-off | ve 9 the .drai.n path
86, the on- 051 VI Ueb BB LT AHE Taar 95 FERGacHaRt 9 1tetd: ACLAe R na) nder
of the recoviey@go anEbr pgeneid@t Bl Richdiidal4d.i . en, tlaélcl@énﬁéu s5&f cdrant 34
excluding the discarded part, to the cjrculation tank 32 far recycling.

Si nce part o?nT%Efr%%BW%r%ﬁi%ﬁuﬁ%%&ﬁﬁﬁﬁ%ﬁ9§dC@PEH&%91§E ﬁ?eéﬁ§8aP efl, and
some of the redidnPsiirdg Wit idid £reine avt r%ﬂal'e’iu's@ﬁhgdlébllﬂﬂ1bhet3hﬁhl ng

step, the liqguid |evel of the etchant 34 in the circulation tank 32 is
| ower than the Fevehe deixutlat Rn thank SlelfodefsHlend shedkh -af ter t he

regenerat ed et chang,3¢nksetehihgedpbRratits doidt aldony tanlacirdliies the

on-of f valve 58 on the channel opened to feed the replenishing
sol uti on 56 ¥ibm the PE@ﬁQﬂﬁshW@ﬁﬁ:#Ean§¢52Stdm@W§t@m¢c@m@$|on t ank 32 for

ct ehant 341 5t paeket Ik A e PTG AR LR OCr SR B Rl i o

during etching of one



silicon wafer 10 is substantially constant. Thus, the anmount of the
repl eni shing solution 56 fed to the circulation tank 32 for repIenLﬁngﬁ HZ
at the time of each etching of one silicon wafer 10 is al so substanti Iﬁw
constant. The contents of nitric acid and hydrofluoric acid in the
repl eni shing solution 56 are preferably set such that the amounts of nitric
acid and hydrofluoric acid consuned by etching, and the anmounts of nitric

acid and hydrof] uoric acid |ost by discarding part of the_etchant 34 w ||
be conpensat G ¥orthsy %tr@tz?dpreg‘g’é’f%émﬁf‘ﬁe SaFrB’ElRPS‘Sé ?Jﬁ_ear%?’e_ni shing
sol ution 56 fpdui@RIAH st RIYwerad ,aCBREAGAGL Y] qi e catamt stfeigric acid
and hydrofluoric acid in the etchant 34 in the cCirculation tank 32 wll be

kept subst arftd¥lhy S¥Radntikeridén BPEREDSURYT 1ABARE  a8RAal b8, MMBh t he on- of f
val ve 44 di sposed, P4 h | AR I onneff valve 48
di sposed on the rrgnchhlgsath 46 éﬁng glgg_eﬁégﬁg?eggg?ﬁgegt ﬂg%t 34 in the
circul ati on 2keikn BXqs mamall idde dasirldaihdt Benteaper Aturan dhppet mddt neans
50. As are - t%[g;\ 34 . S b 0 guhre ture which
may be, for S%%(%trrlpcfrg,eoéo ' {bt)asg[ehr é'giy%;égl?tagttnggvégtg%i’ngh%?gBSE%s is well
known, when @&spisdd refctan i tyrodiotied, mehest 66pwhachr eanf behe et chant 34
i s raised. Tc(:)o brisneqjctor]f etchrant ?64 Q the re léi r.ed be{r’xger%ggre,s her ef or e,
it is necessarT/pcfo ool & & e MRt 54 Wdtﬁ tgﬂrﬁ‘é atdre 151 C T 2002
- 15 adj ustwieirh mean$HGin Wnhrausamplige.onAdf at hewet cdndigpsteiomofofappl yi ng
t he et chant 351 ont o t.he .ucﬁpceor s%rtf ce of 6t2he si_| i.cgn &afﬁr. 10_bor pe. on t he
support means'® &° eltlt%ujt &A@ Eo NS e 10 93h&MSTPHEGHREf BF21D on t he
support neanshixicamibeoe iarseithlatd pdipjeed s ad spegetr edro Tiee rgasi ng step can
be perforned, advant ageousl y b etreating the spray nozzle 42 for th
etchant 34 (1O G oot SSHY JO5i & GRaBOPE P nBCRFPRCaR 48 EPPEESEETt he
non- oper at i MBews i thenyapdsidu iehicog tactpraweros2l, ea( nollebown), tahik ch
sprays a cleaping liquid,.optionall ur,e r, ve the silicon wafer
0 A spr gl mip (e el Baphr, Po ohetehieg RS el ek E Upper
surface of tie i ldiosctvademililca@idohivd thcthel dbwekrhendovitngheeghes 22 of
the recovery ns 16 is lowered ta.the_descendi ng position pndicated by
the tvodor ST TIhEOTEAd Gousn $2i o3t RRELERRGI SH=THRRroB0e ¢ he
recovery tankedénetdrerabymgrmey &t icognpolsed logfaniheg ghsqliidufidonoenaeti ng t he
recovery nmeans_16. i f _the silicaon, wafer .10 can b erfornmed by
so-called sp %W%fyégga/%q?e(fﬁ "Pbttr}latmeaglyt ﬁgcworetlewggﬁg,zgggrg Wﬂjhggpeed of ,
for exanpl e,uadduwtiEeD1italB OEmpf Hegemeehéivadmeahedi fremt s of t he

present invengl av. e escri i tail, wi.th r e to.the
acconpanyi ng dé%%’gsfeq%’m%/agcﬁoﬁ tn%ga%'g’ul%gg[ﬁ)g%&r?dg s?%gkggﬁat@ggﬁeg? nventi on
is not |im tesas+tbieuoh o tremtvwer awdthy asi @ugaskangesdandnedifi cati ons

may be nmade w rt] fr t Spj it an p f _the invention.
Example A gr%&%p%ac‘gﬁg‘fd%&w peiLaS| Sig(;%r?_\%a elred\?vi g%gggng%%ﬁgl )di ameter of 8
i nches was cRehemeration mearse oy the cenglusegl @fpanabpsnasaekpl ai ned with
reference to . d ri,oh. tq the.start of etching, liters of an
et chant was %%%%‘T\T%%%@W iz‘%lh‘%gheetc‘{:r}arn%ulge]llt itgn%eaﬁlg.ge%ﬁgggfe %Ha%?‘d égan
aqueous sol uinornodwrt EmimepEO%dyy irgitucinh B @a€ dizeG2ly i6toof nitric
acid and 70 . ey of hydrofluoric acid. The |evel sensor provided on
the circulatron tank was set so as to detect the liquid | evel of the

et chant when the efhbaaforamthticned utetowery arammdintied donri2@deidt er s.

to the etchant introduction means 66 of the gas-liquid

contact tower 62 via a channel 76. On the channel 76, a
pump 78 1is disposed. The collection tank 74 disposed
below the gas-liquid contact tower 62 is connected to the
channel 76, upstream from the pump 78, via a channel 80.
On the channel 80, an on-off valve 82 is disposed. The
collection tank 74 is further connected to the circulation

tank 32 via a channel 84. The collection tank 74 is also



The etchant in the circulation tank was circul ated through the branch pat h
on which the tenperature adjustnent neans was di sposed, to nake th
tenperature of the etchant about 20C. Then, with the support means Irbtﬂﬁiéﬂﬂz
at a speed of 600 rpm the etchant was sprayed fromthe spray nozzle toward
a central area of the upper surface of He silicon wafer on the support
nmeans to etch the upper surface i.e., e back side, of the silicon wafer.
The amount of theech nt sprayed p it ti iters/mn, the
spray tine %C{eé‘tﬁd's Flithée, gﬁh)gﬁt df r%teafsrwe{g‘e} F4iters. The
entire back édr?@cﬁd‘uth %I:dr'cQtQ@tW@fneﬂreWﬁﬁ ebghefl-spffvgieatdy wniformy
over the thickness of 20 um The terrperature of the etchant recovered into
t he recover V\AHiRAfedwmsOBbENE FDELN Path t BRI SANIRING KELsad T6RDSpr ayi ng
of the etchayyl J4pd h,eals,g@y) rlgzallg okhg . punp disposed on the channel

bet ween the recovery neans and Bgener ation neans was actuated for
regeneration of thEhe cx@VEanRsl Qatdﬂeaufor@oanrgegtlctunghepeech‘ans preover ed
into the re TRANS t h ans of the
gas-liquid %ﬁ% tomer%%% ?? S oﬁénj\g/var thdr%ouaﬂﬂUeq'lhdrg'rh n section of
the gas-1li qmpﬁmntcact Qh@/\errlrcmtepohaﬁnkcaﬂl est édllﬂdowme tht | ection
tank was repgate t chant.intr C fl owed
downwar d thrgct;% q{ € ngcron%se%t?ﬁggltnt g% %’H&ghagggl %F?%%%%%%%?Q ower. The

mai n secti ordeeﬁedthae tgnaﬁn]gmtndoriewcerit aaft thewethantdetL nerthéneta:lra;ﬂti ndri cal

d had.
i8] bRErbE Rt S ‘alEf S et 4,

nmenber of a mtran arent_ v. I |de res
di anet er of %‘ﬁ g K& ﬁt% %‘é ked
wi th polypr @)@mmnkir mmr:rttsomooa hetigbhf 1abr4680acinif r ahe he | ower

surface of

mai n. sec h ropyl ene
packi ng el er’?e‘?ﬂtsergcre c&%t?ernc'tt&ﬁcy ag\}é Pasl geuﬁb@l t%g E?agéy i "Teral et”
(Nittetsu KakaightahsilieithaicoinrentDofi hgdregenerati aoidf mapebet chant, air

was supplied.at a f, 200 |i.t rs/ n to the air_introduction neans of
the gassol U E dhiaer Xonh Yol e bt G R Ore S \HE RS g 270
seconds (accordiatgd), wit rt&rzaomr—ya’frfegameeaunodlspeseu/aen|ﬂhelammlnel

si nul t aneous with t est rt he etc te d was term nated 70
seconds afteirélcbowgetq S5 é’-ﬁ‘ 2 g)aiv?hés acﬁa?ﬁe%e‘a fﬂb?nthe
recovery nednsariah tgeehgals- Ibeqmgd o@@rmteact Aowerrea@sl t nithealdtycHamtbizd in a

light b I b h ,
render ot 1 1 AHepa LAt HG P TR G Borsr o BED RRCR e D EORA e S Cop. ALt

conpl eti on (ﬁemﬁm:ataum/eard}g/wseg@rm atelans §0epwh6®ebg bhet beckanthait iws

di scar ded tIgIon\g% 1tq:e dr ar|e ed’ g’ﬁr ag P%%"@é Sg@%{cggn nas returned to

the circul ati’on 1 ank. @ fromthe

r epl eni shmenéxamsins, t2(1)°the tcmé certatimw dtaEK d‘ﬂ)reﬁcﬂﬁh@nltsﬂemrat:kuntiﬂb,t he

| evel sensor, dete i d I I tonT n t he
repl eni shi ng Seo'l uﬁ}%’%% re%”:{‘f‘lraolr% "t hefe@ I gnlEE I”g?}%gnéotggfﬁgggi‘?%ﬁ ation
tank for repilenisippnt weanss 2ecds ﬁarfomrdsbyhat:tmatmngothehpurep chant was

oSt during 41, helag en 1 The Jeerliel 8ng,sohut L agpuRs, af, agheous

solution co arnrng r|c acrd and
hydr of | uori do@ucnqd cJa:rsdact,helmbrtdmwtomatorfcﬁnvaﬂvbydﬂoﬁhaposedaondtha t he

etchant in the circulatl nk. . af £ th I g, sol ution
for repleni scf'n l\/szahsoar egtr}loéT 6&)&jl%tn%d;% b)?%\%g’&g%tpgaﬁz%gﬁ, {:ggt% ﬁ%ré@t‘?é%per ature
of the et chantwarm tanl ugdpet: tsnrARCe @fne)he etidhicng waeprvvae peréoghred. In

t hi s manner,_ .t he back s| d of eac

g SOOQNgiI( con wafers @aetched The
nitric aci d ESHcBMPAtIGEIh Yoe AFch&nYShAs PRYEi Y REIRRed gradual |y
by repeated stihiey, lrblﬁheifatler, keieng tdhecree@&edt 34 coateinidfORittrscto 45%

by weight, it S i.nt ai hed at, 45%.b ht i t hout further decrease.
Anitric acr%cj\c%nacrﬁ affllfo Y A5 R vtrér 6 ab’?tgl QXeFotgﬁeBR?eﬁn excess
over a hydr afuxifdce caﬂil‘d)éimqetrddrﬂtwmrofl07‘V(EIQYOWQHQB‘ELon| pepeeiban of the

back side of the silicon wafer after etching showed that the etched back
side was t he®RISFSRA ¥ ror surface in all of the 500 silicon wafers.

Si + 2HNO, — Si0, + NO, + NO + H,0
takes place as a first stage, and a dissolution reaction

expressed by



110CT2002 - 19 Wiat we claimis 1. An etching nmethod conprising an
etching step of applying an etchant consisting of nitric acid and 110CT 200
hydrofluoric acid to silicon to etch the silicon, in eluding: a
recovery/regeneration step of recovering the etchant used in the etching
step, bringing a gas inert to the etchagt into contact with the recovered
et chant, and di scharging the gas acconp i &d by. nitrogen oxides (Nx)
contained in the recovered etchant to regenerate the etchant, at |east a
part of the regenefafed éfiEhantH&ifFertrd&Svery and regeneration in the

recovery/regenaiad i 4 SRR REagrUSethhd, the1plfdide e iidcobhe etching
met hod of claim 1, wherein: the gas contacted with the etchant recovered in
t he recover Wakgfenkd stdoPsstaspries sgidr by3. The etching method of claim 1,

wherein: in the etghing p red . n nt..of  t etchant is
del i vered out of t%é ot %@ﬁ%qé%@%nnné%té%lfﬁq%%§?%cypétTd@§tank, and is
applied to ditdenm shwmatdgenamatesd witichanat sibficéast amouht efching step

£ reLvned o the SleU AL AR kg 2o gLl 10 spLuLhResany el n o

uoritc acid’is crrcul atron
bringi ng at teastorcentapdritdrom fofhylkydifdubudri acadi dndnthbetenpéaature t he

eiroul ol on it S PoBRISIEr kgt Uec el o g Lhenslehalod s del Tvered
claim 1, whetledreferey edetier nimped Hanapact sen ehet bempeehanteregetiesated in
the recoverye/{(ﬁggr?@rﬁ iaotn aStpe e&e%e(;:im%.%%ﬁd%giug?dand set the content
of hydrofluoric acid at a predetermined value, as well as
set an excessive content of nitric acid in the etchant 34.
To etch the upper surface of one silicon wafer 10 placed
on the support means 2 into a required state, the etchant
in a predetermined amount, which may be, for example,
about 2.0 liters, is sprayed through the spray nozzle 42.

In applying the etchant 34 to the upper surface of
the silicon wafer 10 on the support means 2 to etch the
silicon wafer 10, the support means 2 is rotated at a
speed which may be about 600 rpm. By this measure, the
etchant 34 sprayed 1s spread sufficiently uniformly
throughout the upper surface of the silicon wafer 10. The
air blow means 12 provided on the support means 2 flows
air from around the peripheral edge of the support means 2
along the lower surface of the silicon wafer 10, thereby
preventing the etchant 34 from contacting the lower
surface, i.e., the face side, of the silicon wafer 10.
The moving member 22 of the recovery means 16 is located
at the ascending position indicated by the solid lines in
FIG. 2, so that the etchant 34 flowed on the upper surface
of the silicon wafer 10 is recovered into the recovery
means 16.

Simultaneously with the start of the above-
described etching step, or during the etching step, or

after completion of the etching step, a
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etchant regenerated in the recovery/regeneration step is set such thqtmﬂqgm

equilibriumis achieved between an anount of hexafluorosilicic acid fornme
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the regenerated etchant discarded. 6. “TH& etching method of claim 1,
wherein: a tenperature of the etchant applied to the silicon in the etching

st ep i s adj UERGAY ALY /& qHeSEEREAeNn 6F ePe kP& ah_a{ gtclranind ét ﬁﬁi P EQypRacht us
or a In ls I : I C
Pe Y T SRR A SRR R B SheB) Ehe pRbe, Pkl

i ng: “support means
(2) for supporth e le-sififi ceAvel@P tddsbesetichrdiheranapoel Skamsin®) for

g 1 Uk B S RS Bl PR R e

ci rcul ati on beirkg (AD)seal,c @mbdhk og-bii€ shthan82 (34pcsadi shitigeof nitric

acid to silico

con

acid and hydr.of il uorj c.aci d; etchant | icator ans (38)._for applying the
et chant (34)C%Wc9atbeed'q% OPFEEEir cﬂﬁ‘gﬁ oﬂ‘? a%{cqtag% %345 lf??eovsqrf)eracon (10)
supported byidte tHepedovergnmeads, 16edeveéey tBabhe(d6¢héint recovering the

etchant (34), applied to the silico? %%%)gggpgg&&gg ggn£he sugport means

(2);

introduction means 66 o act tower 62
through the channel 76, and flowed downward through the
main section 64. In the gas-liquid contact tower 62, the
gas supplied from the gas supply source 72 is flowed into
a site below the main section 64, and flowed upward
through the main section 64. Hence, the descending
etchant 34 and the ascending gas are brought into
effective contact in the main section 64 packed with the
many packing elements. As stated earlier, etching of the
upper surface of the silicon wafer 10 results in the
formation of NO, (NO, and NO). Upon contact of the etchant
34 with the gas, however, NO, accompanies the gas, and is
removed from the etchant 34. The gas ascending through
the main section 64, while accompanied by NO,, is
discharged from the gas-~liquid contact tower 62 through
the gas discharge means 68, and released after a required
treatment. The gas contacted with the etchant 34 is,
importantly, inert to the etchant 34. Air can be cited as
a preferred gas. If desired, nitrogen or an inert gas
such as argon or helium can be used. The etchant 34
flowing downward through the main section 64 of the gas-
solution contact tower 62 is collected into the collection
tank 74, and returned to the etchant introduction means 66
through the channel 80. To remove NO, sufficiently from
the recovered etchant 34, it is preferred that the etchant
34 recovered into the recovery means 16 is flowed downward
through the main section 64 of the gas-liguid contact

tower 62 repeatedly, a plurality of times.
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a gas inert to the etchant (34) into contact wwth the etchant (34)
recovered by the recovery nmeans (16) and gas di scharge neans (68) fbd 0CT 200
di scharging the gas acconpani ed by nitrogen oxi des (NOx) contained in the
recovered etchant to regenerate the etc gnt (34); and circul ati on nmeans
(34) for returning at |east a part of 7t €t chant (34) regenerated by the
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air into cont@ettyd tdrdimt saovenedoatekznialfe §izledfé§8éé‘& SRparat us of
claim?7, wherein: the regeneration nmeans is conposed of a gas-liquid

contact towethanngludihgis #lasad seBhe opnpatkedr e P GrehispRiad mp dhenent s;
et chant i ntraduct i on means f o didy ¢dycing Lhe: 8141304 $8r?8%r89¢@fﬁ@$ed1

from above the nmi'n section i to the main“section; gas Tntroducti on neans
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section. 10. e etching apparatius of ¢clarm9, erein: e gas-liquid
contact towerreamerdes &#pool béching ¢Ankhéositddmectafeyr tike, et chant t hat

has 1l oved q%l\@avﬁudo}ohsrl ui%r}.ct %iréai(%2§fﬁt)i 9 f%rzlgned as stated
previously. Accordingly, repeated etching results in a
gradual increase in the amount of hexafluorosilicic acid
in the etchant 34. However, if a predetermined amount of
the etchant 34 recovered and regenerated for each etching
step is discarded, the amount of hexafluorosilicic acid
generated by one etching step, and the amount of
hexafluorosilicic acid contained in the discarded etchant
34 become equal after a predetermined number of the
etching steps are performed. Thereafter,
hexafluorosilicic acid in the etchant 34 continues to be
maintained in a constant amount. According the experience
of the inventors, if the amount of hexafluorosilicic acid
in the etchant 34 is about 10% by weight or less, the
presence of hexafluorosilicic acid is substantially
unlikely to affect the etching step adversely. In the
illustrated embodiment, a part of the recovered and
regenerated etchant 34 is discarded. If desired, however,
a part of the recovered etchant 34 can be discarded before
regeneration.

Simultaneously with or after the start of
discarding the etchant 34 by opening the on-off valve 90
on the drain path 86, the on-off valve 88 on the channel
84 1is opened to return the remainder of the recovered and
regenerated etchant 34, i.e., all of this etchant 34
excluding the discarded part, to the circulation tank 32
for recycling. Since part of the recovered and

regenerated etchant 34 is discarded, and some of the
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liquid level of the etchant 34 in the circulation tank 32.
The amount of the etchant 34 lost during etching of one
silicon wafer 10 is substantially constant. Thus, the
amount of the replenishing solution 56 fed to the
circulation tank 32 for replenishment at the time of each
etching of one silicon wafer 10 is also substantially
constant. The contents of nitric acid and hydrofluoric
acid in the replenishing solution 56 are preferably set
such that the amounts of nitric acid and hydrofluoric acid
consumed by etching, and the amounts of nitric acid and
hydrofluoric acid lost by discarding part of the etchant
34 will be compensated for by feeding a predetermined
amount of the replenishing solution 56 for replenishment,
and accordingly, the contents of nitric acid and
hydrofluoric acid in the etchant 34 in the circulation
tank 32 will be kept substantially constant. Then, the
pump 43 is actuated, with the on-off valve 44 disposed on
the channel 40 being closed, and the on-off valve 48
disposed on the branch path 46 being opened, whereby the
etchant 34 in the circulation tank 32 is circulated
through the temperature adjustment means 50. As a result,
the etchant 34 is brought to a required temperature which
may be, for example, 20°C, to be ready for a next etching
step. As is well known, when an etching step is performed,
the temperature of the etchant 34 is raised. To bring the
etchant 34 to the required temperature, therefore, it is

necessary to cool the etchant 34 by the temperature
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departing from the spirit and scope of the invention.

Example

A ground back side of a silicon wafer with a
nominal diameter of 8 inches was etched with the use of
the etching apparatus as explained with reference to FIGS.
1 and 2. Prior to the start of etching, 20 liters of an
etchant was accommodated in the circulation tank. The

etchant was an aqueous solution containing 59% by weight
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)\ 1N LB @Y OrovitiR¥Eoh) thilcirculation tank was set so
as to detect the liquid level of the etchant when the
etchant in the circulation tank amounted to 20 liters.

The etchant in the circulation tank was circulated through
the branch path on which the temperature adjustment means
was disposed, to make the temperature of the etchant about
20°C. Then, with the support means rotated at a speed of
600 rpm, the etchant was sprayed from the spray nozzle
toward a central area of the upper surface of the silicon
wafer on the support means to etch the upper surface, i.e.,
the back side, of the silicon wafer. The amount of the
etchant sprayed per unit time was 3.0 liters/min, the
spray time was 40 seconds, and the amount of spray was 2.0
liters. The entire back side of the silicon wafer was
etched sufficiently uniformly over the thickness of 20 um.
The temperature of the etchant recovered into the recovery
means was about 70°C.

Simultaneously with the start of spraying of the
etchant from the spray nozzle, the pump disposed on the
channel between the recovery means and the regeneration
means was actuated for regeneration of the recovered
etchant. As a result, the etchant recovered into the
recovery means was fed to the etchant introduction means
of the gas-liquid contact tower, and flowed downward
through the main section of the gas-liquid contact tower.
The etchant collected into the collection tank was
repeatedly fed to the etchant introduction means, and
flowed downward through the main section of the gas-
solution contact tower. The main section of the gas-
solution contact tower was defined by a cylindrical member
of a semitransparent vinyl chloride resin, and had an
internal diameter of 110 mm and a height of 500 mm. This
main section was packed with polypropylene packing

elements to a height of 400 mm from the lower surface of
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the main section. The polypropylene packing elements are
commercially available under the trade name “Teralet”
(Nittetsu Kakoki Kabushiki Kaisha). During regeneration
of the etchant, air was supplied at a rate of 200
liters/min to the air introduction means of the gas-
solution contact tower. The regeneration means was run
for 110 seconds (accordingly, the recovery/regeneration
step was initiated simultaneously with the start of the
etching step, and was terminated 70 seconds after
completion of the etching step). The etchant fed from the
recovery means to the gas-liquid contact tower was
initially turbid in a light brown color, but at completion
of the recovery/regeneration step, was rendered
transparent like the color before use in the etching step.
After completion of the recovery/regeneration step,
60 cc of the etchant was discarded through the drain path,
and the remaining etchant was returned to the circulation
tank. Then, the replenishing solution was fed from the
replenishment means to the circulation tank for
replenishment until the level sensor detected the liquid
level of the etchant. The amount of the replenishing
solution fed from the replenishment means to the
circulation tank for replenishment was 78 cc. This means
that 18 cc of the etchant was lost during the etching step.
The replenishing solution was an aqueous solution
containing 50% by weight of nitric acid and 14% by weight
of hydrofluoric acid, and the concentration of
hydrofluoric acid in the etchant in the circulation tank
after feeding of the replenishing solution for
replenishment was restored to 7% by weight. Then, after
the temperature of the etchant was adjusted to 20°C, a
next etching step was performed. In this manner, the back
side of each of 500 silicon wafers was etched. The nitric
acid concentration in the etchant was initially decreased

gradually by repeated etching, but after being decreased
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o 45% by weight, it was maintained at 45% by weight,

without a further decrease. A nitric acid concentration
of 45% by weight is, so to speak, an excess over a
hydrofluoric acid concentration of 7% by weight.
Inspection of the back side of the silicon wafer after
etching showed that the etched back side was the desired

mirror surface in all of the 500 silicon wafers.
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1. An etching method comprising an etching step of applying an etchant con-
sisting of nitric acid and hydrofluoric acid to silicon to etch the silicon, in-
cluding:

a recovery/regeneration step of recovering the etchant used in the etching
step, bringing a gas inert to the etchant into contact with the recovered
atchant, and discharging the gas accompanied by. nitrogen oxides (NOy)
contained in the recovered etchant to regenerate the etchant,

at least a part of the regenerated etchant after recovery and regeneration in

the recovery/regeneration step being reused in the etching step.

2. The etching method of claim 1, wherein:

the gas contacted with the etchant recovered in the

recovery/regeneration step is air.

3. The etching method of claim 1, wherein:

in the etching step, a predetermined amount of the
etchant is delivered out of the etchant accommodated in a
circulation tank, and is applied to silicon;

the regenerated etchant for reuse in the etching
step is returned to the circulation tank; and

a replenishing solution containing nitric acid and
hydrofluoric acid is fed into the circulation tank for
bringing at least a proportion of hydrofluoric acid in the
etchant in the circulation tank to a predetermined value
before the etchant is delivered from the circulation tank
for a next etching step.
4. The etching method of claim 1, wherein:

a predetermined proportion of the etchant
regenerated in the recovery/regeneration step is
discarded; and

a remainder is reused in the etching step.
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5. The etching method of claim 4, wherein:
the discarded proportion of the etchant regenerated
in the recovery/regeneration step is set such that an
equilibrium is achieved between an amount of
hexafluorosilicic acid formed in the etching step and an
amount of hexafluorosilicic acid contained in the

regenerated etchant discarded.

6. The etching method of claim 1, wherein:
a temperature of the etchant applied to the silicon
in the etching step is adjusted to a predetermined

temperature.

7. An etching apparatus for applying an etchant (34) consisting of nitric acid
and hydrofluoric acid to silicon (10) to etch the silicon (10), comprising:
support means (2) fer supporting the silicon (10) to be etched;
transport means (8) for carrying the silicon( 10) to be etched onto the sup-
port means (2), and carrying the etched silicon (10) out of the support
means (2);

a circulation tank (32) accommodating the etchant (34) consisting of nitric
acid and hydrofluoric acid;

etchant applicator means (38) for applying the etchant (34) accommodated
in the circulation tank (32) to the silicon (10) supported by the support
means (2);

recovery means (16) for recovering the etchant (34) applied to the silicon
(10) supported by the support means (2);

regeneration means (60) including gas introduction means (70) for bringing
a gas inert to the etchant (34) into contact with the etchant (34) recovered
by the recovery means (16) and gas discharge means (68) for discharging
the gas accompanied by nitrogen oxides (NO,) contained in the recovered
etchant to regenerate the etchant (34); and

circulation means (84) for returning at least a part of the etchant (34) re-

generated by the regeneration means (60) to the circulation tank (32).
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8. The etching apparatus of claim 7, wherein:
the regeneration means brings air into contact with

the recovered etchant.

9. The etching apparatus of claim 7, wherein:

the regeneration means is composed of a gas-liquid
contact tower including:

a main section packed with many packing elements;

etchant introduction means for introducing the
etchant to be regenerated, from above the main section
into the main section;

gas introduction means for introducing a gas from
below the main section into the main section; and

gas discharge means for discharging the gas from

above the main section.

10. The etching apparatus of claim 9, wherein:

the gas-liquid contact tower includes a collection
tank for collecting the etchant that has flowed downward
through the main section; and

the etchant introduction means introduces the
etchant recovered by the recovery means into the main
section, and also repeatedly introduces the etchant

collected into the collection tank into the main section.

11. The etching apparatus of claim 7, wherein:

the etchant applicator means delivers a
predetermined amount of the etchant from the circulation
tank, and applies it to the silicon supported by the
support means; and

replenishment means is disposed for feeding a
replenishing solution containing nitric acid and

hydrofluoric acid into the circulation tank for bringing
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the etchant applicator means dellvers the etchant from the

circulation tank for a next etching step.

12. The etching apparatus of claim 7, further
comprising:

discard means for discarding a predetermined
proportion of the etchant regenerated by the regeneration

means.

13. The etching apparatus of claim 7, further
comprising:

temperature adjustment means for adjusting the
etchant in the circulation tank to a predetermined

temperature.



