;e3erj VY, gTT 16 AUGIW - 1 CLEANI NG APPARATUS Il "' 166166
Field of thgm “ﬂmﬂm‘m‘w This invention relates to a cleaning apparaté$ AUG 2002
whi ch jets cl'ea liquid. More specifically, the invention relates to,

al t hough not res?rlcted to, a cleaning apparatus particularly suitable for
jetting a cleaning liquid at a surface of; a workpi ece, which has 10 been

cut by a cutter such as a sem conductor wafer dicer, to clean the

wor kpi ece. 1§Lﬁ§NI§G“@bbAKﬂ@W@ anong people skilled in the agﬂ

sem conductor wafer dicer, which cuts a sem conductor wafer I J%MM%

lines arranged in a lattice pattern on the surface of the sem con

waf er, perfo he-c i ng., sing a rotationally driven, t hi'fplss*

di sk-1ike 20 sd5e -1 nterfere with the sem conduct or waf er, and
novi ng the cutting edge and the sem conductor wafer relative to each ot her

al ong the. cutting such icer war, f rnmed the cutting of
t he senlg%nductor &%ﬂgrlngﬁgFégntge?ﬁg FPa@eC&F P§n958§F%- &@tor waf er
as 25 ContanwhathoﬂetthSclébﬂlﬂgCEiquSdmfMDEﬁHBgHEﬁENW&I&ﬁ,dﬂ&anlng
apparatus for re i

ing tge conhanlng on fromthe gurfﬁcg Ef t he
seni conduct of® ﬁﬁ nTﬁ? atFRanPhg? %%%P%?u@o ntFadESChEZ2zFR” nBans di sposed
adj acent thecmuahiﬂg epperasang phghlcneasuyesuieablegfbquédtiﬁgdhng 30
nmeans. The nOézIe neaﬁs haa‘aﬁ ej ectiLon po%t andka hlg ﬁ ée cl eani ng
li quid path Eofffihi€atHG @i & ‘Ph@mélf‘%'ﬁ?lﬁ DoVPTKEHECFr g
cleani ng d i qpeenfeetipy seranstéeedsch @ée@ns@glbbﬁuudtomhwgbeﬂadlb@r,
dei oni zed water, _to the hlgh gressure cleaning liquid path of the 35 nozzle

means at a hF@hC pPeRsthe ¥fr of“€xanpl e, 40 to 200 2 6 AUG 2002 - 2
kgf/cme. Such a cleaning liquid is jetted at a high pressure fromthe

ej ection port of the nozzle neans toward the surface in an area of the

sem conduct oReGEEERLIpR Rl BheuRrbor it cut ti ng edge. By this measure, the
surface of 5 the sem conductor wafer is cleaned; that is, the contam nation
is removed fromthe surface of the semconductor wafer. The f or egoi ng

cl eani nd appar at usAodEsWehd KBPHBWRRGDEr BEPEAE B61Bdesolpedhe gLty 2

necessary toséﬂléb§@@é€o§ &5%@%'a§é¥rbU&KYc@”Qu@ép§n§éM§c8hSﬁcﬁéﬁssure
cleaning liquid feedi ng neans for eedlng a cleaning liquid at a

consi der abl y"afgh dteRSuFetbingf binekapprandad id 20bakbirenpatiernsonl so

necessary thgheasptPebé NSt behuessnl BondhGhoPrRSBUEE SELAPLAY thaui d feeding
means 15 and the nozzle nmeans be a relatively expensive one resistant to

the hi gh preSetEeng|RAntags LRgGuR droTatEonablY oRT iVeRe Bhpar adiski-dike
rel atively bb‘%{fﬁfln@uéd&@etgaﬂﬂ{@f%é'fé NGi £0Sthé 0L ehDELARRALSL URa kSl SO

consi derably

and mov1ng the cutting edge and the semiconductor wafer
relative to each other along the cutting lines. With such
a dicer, swarf formed by the cutting of the semiconductor
wafer adheres to the surface of the semiconductor wafer as

25 contamination. Thus, the dicer is also equipped with a
cleaning apparatus for removing the contamination from the
surface of the semiconductor wafer. This cleaning
apparatus includes nozzle means dispcsed adjacent the
cutting edge, and high pressure cleaning liquid feeding

30 means. The nozzle means has an ejection port, and a high
pressure cleaning liquid path communicating with the
ejection port. The high pressure cleaning liquid feeding
means feeds a cleaning liquid, which may be deionized
water, to the high pressure cleaning liquid path of the

35 nozzle means at a high pressure of, for example, 40 to 200



20 Scary of the Invention A principal object of the present invention is to
provi de a novel and inproved cl eani ng agpar &t us which 25 obvi ates t hé Bnilisdl00?
to feed a cleaning liquid at a considerably high pressure, and thus is free
fromthe above-descri bed problens facing the conventional cleaning
apparatus. The inventors of the present_iqvention conducted 30 extensive
studi es and experinents. As a result, they found that if a cleaning liquid
is jetted by Tt i f_a I , ;near he s .cheani ng

i fect as oba nol by A Ter o AP eaterdaran o nd ot orae ure e tani ng I i qui d
can be achi epedssevenfnbenthhecpeessanepoftt b€ Bbeconapréssndagastowandt
very high. pressur = -3 my. essed
gas which igyﬁgc%ﬁféag? %ﬁa%ﬂtﬁggérggsﬁ?é g ﬁ%géggﬁégﬁanaF?guﬁgggﬁth%rto
enpl oyed, a cutfbgithé cheabnggedféectBrahim mddsired. tienme; fddwe «f eani ng
apparatus can be rendered considerably c act a L nexpensi ve conpar ed
with the%%on %t?%%ﬁfoﬁggﬁﬁ?ﬁgwﬁ ﬁﬁrégugfggﬁ?%rcggﬁgl§smh ﬁethe conpr essed
gas is fed atomtpnesstienois2rémkgédchzonr thegberfaando€j ented through a
constriction with an internal diameter of 0.5 to 3.0 mm the ejection speed
of the conpreSBECYILCHRENRECEO supersonic. Wien this ejected gas is
caused to act on thaeclkeaByddnly ¢Uiedninand apphiradnst pgetkerhai th the
cleaning liqg if af an op%ect to be cleaned, there can be achieved
substantiallgo 1 L BeP EPRAATRAGE R PRcEOhEeGhent b OIS IRTIIANY 1 gh pressure
cl eani ngal i q@i gpbSe | £t teUati vany lbu Ry eshdt @xpenst pangdgh ThUEssageording to
the present invention, there is provided a_cleaning apparatus, which
attains the %*%@%%%%tlbﬁ%ﬁdpﬁﬁﬁéibﬁlm%%?%c??rcgﬁﬁgi§gn©:c%@é%%%gneans

having an ej ecdhoa @@ré1c@n§i§@9&Bgy2ﬂi%hQ§tés§@£@ §6Mepi-cakhigi1yi t hpt he
ej ection port, and a conpyessed gas path communicating with the ejection
port: cleani't®y 29Qukets@Bdi ngtmd&ngleer nPEEERAGYatBREAR REPELGDRd to t he
cleaning | i quégydad hinandi §QNPressese J8schfedyNY; RARSrEenifgediafgsa 25
conpressed gas _to the conpressed gas path, wherein the conpréssed gas is
ej ect ed 1Pr omRPet§ k27 Bhe pbeans hPdughr ehat tvapy es3RENGAYCpARA, while the
cleaning |i uish & eaet och eehl ! oy Ne: eheal L oo Bohinbhioyalql hepgleaniag
liquid path. 30 Preferably, the conpressed gas feedi ng neans feeds the
conpressed ¢@slY cthheapapr edseds gaslpbiviedy RAupkéssbpe Bhe2. 7 kgf/cnZ or
hi gher, - espaglal talc fuPIESSLOEe OfoZ- Tk CafpRr kRS CHE: a1 8o acdnunaLgamy end
portion of the conpressed gas path, a constriction is preferably formed. 35
The internalh®ameter, d, of the constriction is z s aus 200z - 4
preferabby 0.5 to 3.0 nm especially 1.0 to 2.0 nm In a preferred
enbodi ment, the cleaning liquid path is caused to comunicate with the
conpr essed gESUBRER-Betiwen BRBIEHREtriction and the ejection port, or at
the constriction, 5 and is al so caused to comunicate with the ejection
port via the downstreamend portion of the conpressed gas path.
Advant ageousl y, at®| BEERCAPEAr OPIRCES Ofh&heorpressddd 1gdenddOn, 1saf§i ng from
the constriction 40 4 heoehecthaniRerbvegXLends: AgLspaathahkY AL LR ghtly,
and a downstream end

25 obviates the need to feed a cleaning liquid at a

considerably high pressure, and thus is free from the
above-described problems facing the conventional cleaning
apparatus.
The inventors of the present invention conducted

30 extensive studies and experiments. As a result, they
found that if a cleaning liquid is jetted by the action of
a compressed gas, nearly the same cleaning effect as
obtained by a jet of a considerably high pressure cleaning
liguid can be achieved, even when the pressure of the

35 compressed gas is not very high. Even at the pressure of



10 portion of the cleaning liquid path extends at an angle of 45 to 90
degrees with the conpressed gas path. THe cl¥eaning |iquid feedi ng nedrfsAdxz0]
feed the cleaning liquid to the cleaning liquid path at a pressure of 1.5

to 2.5 kgf/cn2. The cleaning |iquid may be deionized water, and 15 the
conpressed gas may be conpressed air. ElIG _1 is a perspective view
schematically showing 20 an entire sem conductor wafer dicer equipped with

a cleaning appar@s: SONsd i §ad %iéh agCandanc Méf hcc}%ii‘? HESSAL s vent i on;

FIG 2 is a perspective view show ng, in an e arged nmanner, a part of the
sem conduct orf dfercHaseim @bl pqui G}lﬂheﬁ@e@l@y%ﬂse&wmcw@w showi ng

nozzl e eans M ied £k dhe. semoandunt ol vekeh ol o8RO RLG s FIG 4 s

a sectional View's f| cation of the nozZl e means: 30 FIG 5
is a plan wwasd'mx/\amg:amrbeameraﬂemd rasomosviad e ir gt ley rmamacetmantdregl ons on a

surface pf a_sem conductor e h of Exa arative

arp osS B Hts Do ot ¢ BpE R Cent Tl G P i no

appar at us coengiddatied | Paacdeidandy whih the poeperissicrvenlsi ds Midd a5 now
be described in further de h,refe enetot e acconpanyin raw ngs.
FIG 1 showd &L Ton %a.} vﬁwc% B&r é& Fhped™ 'Fﬂe&%@@eéﬁ‘irﬁg‘gg‘pﬁar at us
constitut ed dohAceardiRic ey hart hend Mt | Dibmr gt oef olesianat ed mntirely
as the numeral 10 2 has a housin Ah On the housi ng ;b a loading area 6, a
wai ting ared?® & SHIGK rPeFeLAE earFoé‘I‘RIg‘?ﬁﬁff HreaLALME cutting area
14, andi@ fiferd@an NgwaReA @mnsnglj@@t@dlga@r e sdebRed thh aldte gham@ ng
area 6, a hoisting and | omering table 18 is disposed. On the hoisting and

15 | oweri ng A&ATE R LAY jand oiRfded RISfiter @ith vﬂfﬁ%kp%?fﬁlli}?%l ity of

sem conduct ary gafer stWF 8B et e k?eCC@erH}Qeﬁi g é%{%ﬁ%é‘gaéﬂhé’véf&” i cal
direction. AS shown clearly 1n FIG 2, the sem conductor wafer

accommodat e Uhf i icddlset e Gane A g re & a&htaalWipan gbeni ng of a

frame F vi ac%ﬂ&%ﬂéﬂ& A& -p &l AT d A g thepsedm conduct o yefat W
cutting lines L axe arranged in a lattice pattern.”In conjunction with the

| oadi nglar e®P6 esftd thdanaft43tehrea 8, first transport neans 20 is
di sposed. In accorgance W-tHrbihggassephe apde des€eihvOht 23nt henboeksiEng and

| owering table 18, the first transport neans 20 is actuated to deliver the
frame F, onPRevdfathe sohmatbrl Ry NETE whﬂé:fbeafcnﬁln% Hhrint ed,

sequenti al |y, d,.0mdie £ASBItE G g0 e e tidg, {and, as will be

further nmentioned later on, to bring the frarre ich 30 the
seni conduct or waf emowh@vmﬁgnbebﬁvmg am| ﬁhﬁ?l@ll‘-e]a@lé‘élf addcdepedngs

mount eds o 1 Qdudiey Ul Ot L THD e, 2898 £Glon Igb.con et on wi th

t he waltlng area 8, ng area 10, and the fina eani ng and dryi ng
area 16, se@@mrteﬁeﬂﬁﬂpcqats rﬁﬁiﬁﬁ czozmmgudx%mdﬂltrrhetrfer a?f‘eeq:tlBQl dedttver ed

fromthe cassette Gig1he T@!}Ei&gf%c@ﬁn ﬁléanszfgrAjEJgégjc.)H%
transported to the chucking area 10 by the second transpor rreans 22. In

t he chucki n§laeedneD L d righetlre Srfaihinth tiisbmadnd@dr wafer Wto be
cut is nounted, compressed gas feeding means for feeding a

25 compressed gas to the compressed gas path, wherein
the compressed gas i1s ejected from the ejection
port through the compressed gas path, while the cleaning
ligquid is ejected from the ejection port through the
cleaning liquid path.

30 Preferably, the compressed gas feeding means feeds
the compressed gas to the compressed gas path at a
pressure of 2.7 kgf/cm® or higher, especially a pressure
of 2.7 to 6.0 kgf/cm?’. In a downstream end portion of the
compressed gas path, a constriction is preferably fermed.

35 The internal diameter, d, of the constriction is



is vacuum attracted onto a chuck 24 having a circular 5 surface. The frane
F attracted onto the chuck 24 in the chucking area 10 is noved in 26 AUG 200
accordance with the novenent of the chuck 24, and positioned in the
alignnment area 12. In conjunction with the alignnment area 12, imgi ng neans
26 i s disposed. The surface of the sem-canductor wafer Al 10 nounted on the
frame F is imged by the inmagi ng neans 26. Based on the resulting inmage,
the chuck 24,{acoondinadys tdesfo ame, Feé(}@é/dirwmhelwm&omblqﬁ@r waf & W
nount ed t her eq(gt) IS Ogr eci sely positioned so that the cutting lines L
arranged on RYIRL &g R din e rithRATDIN Gaf eFuAd 102 W | IS reaisemdh a

required relgy i%&mﬁﬂﬁiéé@@ LR Eﬁé&?&m%pfé%%&”ééé Neh €495 B di Sr.ﬂz?éed in
conjunction wth the cutting area 14. The surface of the sem conductor
waf er Wi magezhdsir sl dmegpichgtine adibe Q6L as Rt Bl ayteddontlze neensori@olomhen,

t he chuck 24 s .oV, o iﬂgi]m Sher em P_plyct or
waf er Wﬁouﬁa}ﬂecg l(;r!r? atq%eéf(?%ﬁ]nsge(%u%(gs cu “arﬁgcnag]gt% he cuﬁk?%géﬁ%‘élsﬂcpo nFIG 2,
the cutting tianeHe tdratn svase ah readiypoauitiars ahdiloateth@se ssddi gks s thd. |0 ne,
while the cuttin Iinoe Ljrthatth S_ not been([.cut Olf i.ndi cat ed as thin solid
line. This GYTHEICRIYA Gt 25000 o Tt 9 TERsTRRke AR 3 tape T
i S uncut, whpdth,t hearseimgofuchiet e vedrest M/atsiad 180 itshead] et i o et el y,
but a portion . thereof facing dowward is left uncut. Hence, even after
cutting of tHe csd‘}%%c?rbel%\gjf%rs ajtqibtls%maébcﬁoaljcq(i)wnmee?m\ﬁr& nti nues
t o be npont etbrai drhe B0cHe atedn i@ T ibwdtgesttagredsT. atAfdrieraddiee of
sem conduct of_ waf er is cut as required in the cutting . area 14, the frane
Fis returnét t& t%%ﬁkﬁ%d”%‘?%aﬂi% FHHET AR BTH t hd Pfovenent of
the chuck 24;1dahigan)ungii@nfevding e atuiddmoreds®acHd ansh3tnd hei du 1al
cl eaning and drying area 16, third transport 2 6 AUG 2002 - 7 neans 32
i s di sposed.tByFthiS 4RI t+EMoRe Mhedls BRTIHIET dife 3 sF2 rampor t ed
to the finalxgd e ngrRgdedeyhnggal eguid ndp boeqdisal z6h eratag, apdqadrying
area 16, the cut sem conductor wafer Wis finally cleaned and dried 5 by
cl eani ngSand-hf APRPTASTR] (FRT BHOWH .COMRIESI92 3% ame F is returned to the
waiting area 8 by the second transport neans 22, and returned to the
cassette C by the first tr; ort 20. Referring to FIG 2 along with
FIG 1, cutt4n a3 Hoeag=tdfe- et t i ng edge 28 is disposed in
the cutting area 14. The cutting neans 34 has a rotatably nounted rotating
shaft 36, and the cutting edge 28 is fixed to a front end_portjon of the
rotating shaft 36.FiRe &utfi ﬁgpéaééeg’élﬁﬁy"b@waSF]HPIH?tEF?%EVthEWéng
contai nppg 1 NUHEIQSs Sh Beidh Pt I wd Bsr A @cedbuigoddasctlf td ng edge 28,
a cooling liquid jetting nozzle 38 is disposed. In the cooling |iquid
jetting nozAEn% FPRAERTES %Cfni%lt'%q’?fﬁgﬁd} ACALRFRWA) ERIi ¥Rt ed t owar d
the cutting gdae 48 aeed©ig®d. In cutting the sem conductor wafer W the
20 rotating shaft 36 is rotationally driven, and the chuck 24 having
attracted thereto THe-ffakd F PBASRAFERVENELSENFRONEDEL ofWARer Wi s
mounted, s GONLIJUOUSIdPVes. pdof SHtEndGerhitHdi8otd ONFa SEOVH &y ar r ows
40 and 42 in FIG™ 2. Between a cutting novenent and a subsequent 25 cutting
moveneng? t i dRick 24 is noved, for indexing, in a direction shown by an
arrow 44 or 46, whptgbyseagh,ofthe gHit {08! kASRikgl BosegueRthak! v aligned
with the cutting edge 28. Upon conpletion of cutting along the cutting
lines L exteandiglacth & piledleterhfordidiorciarr, Grehet -24iis rotated
through an angle of71Q0 degregsgs whepealt 6fLULEhENING! QNG HAG 1 EULELAT i nes
L extendi ng(ﬂp;fer plfndl czt;%fr y to th;y(é:luttl ng lines L éxtending in the
predeterm n direedia ¢ Shpen s br li kewi se. In this manner, the
ot coogattern WER- oot erng SRat SEEVATRbYEHy oht AR nkt RORIRARELD TRE
raté measurement regions on a surface of a semiconductor

wafer in each of Examples and Comparative Examples.



_ g . the sem conductor wafer Wis performed by the cutting edge 28, a
cooling liquid which may be deionized water is jetted fromthe jetti2rigAU6 2007
hol es of the cooling liquid jetting nozzle 38 toward the cutting edge 28.
The dicer 2 5 also has a cl eani ng apparatus 48, which includes nozzl e neans
50 di sposed adjacent to and forward of -t lge—cutting edge 28. Fromthe nozzle
means 50 of the cleaning apparatus 48, a cleaning liquid is jetted toward
the area in d1g 9 GRS | We Ne Whed { i g3, WV eady 10
perfornmed, to reno t he
Constitutions other than the cleaning apparatus 48 in the illustrated dicer
2 may be in a suit apen Ki ih.the art, and
do not 15 constitu?ﬁégéﬁg%§1%@ﬁéﬁéﬂ?§€2n§?o%.E%ﬁ%ﬁ?ngnééégfg%g?ion for

t heir det ai IsongtiiitWednin tactdrtaice WReflerting@res G inrerdtdmn Wil FI G

2, amifn pory] it S‘é%ff ; ;@Qj a ratus 48 is
di sposedgsuglscida%%l gﬁsyc}frvleﬂrbﬁ ggf%ﬁﬁ;ﬁ#l% Olpohtéllhﬁ gllne sél}%set géﬁl‘?i%ﬁ y

per pendi cul adoprpartieseiiaonduet or wafer Wlocated in the cutting area
14. In a front en_dlg{?.ce I%hg‘i"ﬁ ? %gﬁgégﬁggﬁégﬁewggért(g_?cnﬁzzcllei means 50, an
ej ection port 54 is formhed.: h SYBHST It CBhI FIRRBADr essed
Igas pgt h Sﬁxﬂmtmanid:léﬁa'nlgugZ&Matﬂr‘Fthﬁm @jrect i e gadrin Fzébcdltdfar&lesgviat}ﬁ eani ng
i qui d pat 8 communi.cating w.th the ejectiaon rt 84 is rmed. T

conpr essed &Z’se At 56 et e%dglﬁﬁstdﬁﬁﬁig&altfdvég’t &Yy 28s tg&r DHEeLR

ej ecti ono port hek ian HAWs iR} M pon aheSAotfsihle 4n0azlieadBans a2a kh a
downstream end _portion of the 30 conpressed s path 56, a constriction 60
o T or hed. OSBRI S e CRTTTE (ThE B0 0n {1 AT AERR e of t he
conpressed gazuatihpGrien gradusld ya dealcasecs dromay hrad WISty eamn:sioe.
Downstream from t he constriction go, t.he internal dianmeter of the

conpr essed 33%&& A 56 IPs thea : rlg}nigncatr@&séd. aThe lisht8fnanddi anet er

2 6 AUG 2003 owetind tefbitde £onstdi £dd<uy 60 ons theeheiablinglaadto 3.0 mMm
especially 1.0 to 2.0 mm The cl.eaning liquid path 58, on’'the other hand,

ext ends! par AOWELING (130 Lot edRRFYdsS pRIEE 3 FaTRetid i pdr e 2 of

the nozzle maaRs 139Gy 24 hemedndsct wranghe, (mrgt @)t heconpressed gas
path 56, and is connected to the conpressed gas path 56 downstream fromthe

constricti oRCEOMIPRiEEeq e T AP T i it PR &8 i dl 1efisih t oB8omuni cat e

Wi th the e e¢lddN AXHr13A M aridie Howisd ream @rhiRardsd ok @fr tihe conpressed
gas path 56. 10 The angle a which a downstream end portion of the cleaning

i qui d pat h SBSEAFREREAG 1T ¢ PPTRER gds® R Be! il i 8teiAYy about 45
to 90 degr e%t%)-en-ﬁ.@l_gt he comprassed @as Patdudbing vayessedogas tae¢hpg neans
64 is connected viia a pipeline 62. To the 15 cleaning |iquid path 58,

cleani ng | i @di FPeEEHEMHEHEE BB Y3t orthe k¥ Vi Wi Dt idre o qamtzed
cooling Iiquid, atfrad £d Q5B de-£00lTinN G oniiiicd iloat WiiRe RP&ZhSad8nean al so be
fed fromthe cleaning liquid feeding means 68). In the pipeline 62, an

openi ng and 2@kgsih @bt Wl RS X% B0 i sPosePrnIrPitheganseldthe %6, an
openi ng and dfilsgﬁis'&i CORLT Al kIR cE2 Wit nditsROS8G e ntha ngorRLe 38 ed ogas

f eedi ng neans 64 feeds a conpressed gas, which may be conpressed air,
preferabby &heahgrisfsme avd 2L oweging ivaloke nhyhdrhe ket T3RWMOEE pressure
of 2.7 to 6.Qkaf/Ghs tdlier &P COMMLSREM 90S Palde 96 Wi & Pidpd i ne
62. The cleaning liquid feeding neans 68 feeds a cleaning liquid, which my
be dei oni zedematcomduysttsfevidbigr o freswil el vfmaurted BSIUGiialyto the
cleaning Ii qui t ' ' | . [ he, £yt @y of

t he sem con ugglo&%melgf%%%&%@h%c e%ﬁﬁg@ﬁ%%%%?f Q%‘C;'r garﬁct lelalc_leigeani ng
liquid feedifng beansneggianadel ztenmmhg 1o del dhpaite 58amhiTe athevhich

conpr esgged [ . r : ' 4
cogr esi@d %gls% %ﬂlq%é&%eégﬁ%%ﬁg?hvgs% eaﬂ?ﬁ%gﬁgéul?% ang thl c%%pérrg%qsed
gas are ej ecined i35 ddget heyurited t fieore) Boe i wni plorg drka Thelieaitieng i qui d

2 6 AUG - 1Ocassette C). In conjunction with the waiting area 8, the

chucking area 10, and the final cleaning and drying area
16, second transport means 22 is disposed. The frame F

35 delivered from the cassette C to the waiting area 8 1is



caused to flow fromthe cleaning liquid path 58 to the downstream end
portion of the conpressed gas path 56 is accelerated by the conpressqq%gg§ 0
ejected fromthe ejection port 54 through the constriction 60, and jette @
fromthe ejection port 54. Ajet of the cleaning liquid strikes the surface
of the sem conductor wafer Wto clean the;surface of the sem conductor

wafer Weffectively. According to the inventors' experience, when the
conpressed g pagt I esgu akgf/cn2 or

hi gher, and gﬁggﬁgg§?ﬁgb§8h%?%eeégﬁg%??cgfgé %g %ftﬁﬁgns%ﬁ%grnal di anet er

of 0.5 to 3.0ranppespevieany22.0 In hd emcitirg et ilh speediodine he,
conpressed ¢ u nd ca e cl.eaning_eff ct fully
satlsfactory%ﬁTgﬁggﬁegeé ggégggéﬁggﬁo?y c %gﬁﬁngégﬁ?ecF% 15 PRE"pr Ssure of
t he conpressed gasuumedtﬁmhcbedemn@ssavehychlgm hbmingay beérahour 2.7 to

s 1651 plsErsfeq ThE et FLAALANCL 4% 105 1 ima e, 40 D87 o e

gas path 156chackehgt ia\relaylloomg,maeeandnaadomaameanweﬂﬂ pRet nottefbna

cl eani ng I|qu g 15% gﬁtend subst ant i ¥ egdlcularl to the

conpr essed 9as b icﬁgﬁ d F8%cBRAAeCt8dSt ot Comst PRRERBN2E6D. L6t her
constituti 0n§n0&ohbﬁn&@16h€wfiftﬁnﬁhé591@@ﬁméﬂ’@séﬁ@él a8p| yikhgisgnReassi n the
nozzl e neans 50,25 illustrated in FIG 3. Exanples and Cbnparatlve Exanples

Exanpl es 1 t 6°61809ASBPERA - soT%ﬁLﬁﬁﬁﬁaqqmpﬂr%&ﬁe%ﬁﬂk9QQ§Qﬁﬁﬂr Yaiex JEo

Cor por atiicon fd@k¥ed Jdapank ﬁ@&mésgdls“&ﬁggé&5b9|Eﬁ@lﬂﬂaéPﬁérﬁéHﬁstEHQ
changed to a _cl eaning apparatus of a shape as i1llustrated in FIGS, to 3

(such a di cePepgad anskhBpergsushond tHageesthe ¢husk 24 ééﬁ?@éﬁéﬂ@ﬂﬁr waf er
mounted 35 opnha EraRE vlﬁaalﬁguehbngeﬁﬁesn&@ét@fowgbér'wtﬁoaﬂeeélCer 26
AUG 2002 - 11 to cut the sem conductor wafer in a lattice form The

seni conduct oEh4BE@R) WAS BYSFLFedN Reseilered spapeabstBaogmttingl &ings and
having a d'aﬂﬁéﬁfaﬁbgﬁ éﬁotﬁglsé?f@&ée@fa£h9ns$ﬁ§éo$§@8ﬁgrLWQ% e?0ym and a
t hi ckness TH of .5 mm The surface of the sem conductor er was in a
mrror poli s‘ﬁeéllsra% opr poFeBiEatt ragabive heostri eondith oreaafeE, tohe
surface of thcéemﬁaneagbozswei§§ow@é iHﬁs&qj&Yc@I'oﬁ”ﬁghﬂg}:ﬂgvbﬁ‘étl@
resulting i mage was neasured for the 10 |ighthess of eac ive regrons
Rl, R2, R3, ®eandiR5 Bhe t$ier 5 e ©ie IR iandsiouc twaf e fierimayed
56”1CO“dUCtOE¥“@$§r1M@§1E§ Reatu!l 2BYi2 subsegyentosul thogs eper 3bion al ong
20 | ateral ting l1nés vertical cutting Iines LV shown in FIG
5. Each of tﬁbemegtbﬂsCRkaR24 R@ mqge@mtgnah¢6cu§t@nqegr©a éérrwhﬁﬁed by
the |at epal EHét%Qﬂl&bﬂ@ﬁckbraﬂgféPeWV shitel shtihoockingselys I

| i ght ness of each region was determ ne y nmeasurin i ght ness of each
of 512 x 4802poR@| Ehencéé‘éhngeéﬂ-bﬁsoh a By-HI&Grel 2 ,gridat it Sehl elne dvel 1
represents %%E’vzégdaEEFSbVGéugo '?ﬁ&icaé‘é;ﬁ &é"&%ﬁi&ﬂg Lhegt 9]&{’}15 val ue
of lightness of all pixe n eac regi on e average va ue of “T'i ght ness
for the fi vewhblgeo‘ﬁbewégtténadlmebb Q@@M@@s ook sbeelet Cwkahs that the
average |igh t u e h m car Is 40 swar f
is 200x109. %@&ﬁ%ggéd Eg §e%§ggn 3%%%rfhg erq§g§ycutt”ho g’sgg%%ﬁﬂ%ally,
cut to &5depeht o$uCh5thatf pom ehststie aseynbipagtaee | "ét kpatineutt i Wblllﬁnes
LL arranged g vert t

arranged mﬁtﬁﬁequ g%%éﬁggb? w%nfgnﬁhgggeég ggélég t%ggs&bﬁg%kkggg surface
of the seni condugtporwaber théetepfcliating dasndereérihs nedfbyunhet.
above-described et hod. F ther th rf ndugt or waf er
after cuttingcWes’ cFéaied E ggéfegn|§g§§%pg & %%néuﬁagfhegg?heﬁaverage

| i ght ness oftm@essmitanduotothﬂafer W continues to be mounted on the

30 frame F via the mounting tape T.

After the semiconductor wafer W is cut as required
in the cutting area 14, the frame F is returned to the
chucking area 10 in accordance with the movement of the
chuck 24. 1In conjunction with the chucking area 10 and

35 the final cleaning and drying area 16, third transport



35 sem conductor wafer was determ ned. The internal dianeter 2 6 AUG 2002

- 12 of a constriction in a conpressed gas path of nozzle nmeans was 26 3U6 2002
mm The conpressed gas path was fed with conpressed air at a pressure as
described in Table 1 below. A cleaning liquid path was fed with 140 cc/mn

of 5 deionized water at a pressure of 2.0-kgf/cn2. During cleaning, a chuck
(accordi ngly, the sem conductor wafer) mas noved at a speed of 30 mmi second

el ative to hhengossl ¢sMangocthe choachng taleavpsaLabeyl abednlr o) Lhe

equati on: eaning rate ver ness € Cleani'n

200x10) - (theageamegﬁtnes$ram5@0r¢h@aMDngh20&xhﬁﬂ]t@ameaageab@ghtness

bef ore cleanang.- 200510 00 ghe es It aﬁenshomﬁ I.n Tabl e

Air pressure f b??cﬁF-f verage F ShF Se?% R ﬂﬁy%@%rﬁﬁﬁal}ghtness
after cleani bpg€l eani Bgmiabaductor wafer W 1s finally cleaned and dried

(0) Ex. 12. 5558x10f33x1035Ex 2% 7563x10399x Exh33 559 0387€%04 Ex. 44. 055
3x10378x °1 0BYEX.88R4BH9RRd OrYInd3E&Rifs %? 68GB1y  16R%My 158 B es 7

to 12 F is returned to the waiting area 8 by the second
transport means 22, and returned to the cassette C by the
first transport means 20.
Referring to FIG. 2 along with FIG. 1, cutting

10 means 34 including the cutting edge 28 is disposed in the
cutting area 14. The cutting means 34 has a rotatably
mounted rotating shaft 36, and the cutting edge 28 is
fixed to a front end portion of the rotating shaft 36.

The cutting edge 28 may be a thin, circular one containing

15 numerous diamond particles. Adjacent to the cutting edge
28, a cooling liquid jetting nozzle 38 is disposed. In
the cooling liquid jetting nozzle 38, a plurality of
jetting holes (not shown) directed toward the cutting edge
28 are formed. In cutting the semiconductor wafer W, the

20 rotating shaft 36 is rotationally driven, and the chuck 24
having attracted thereto the frame F, on which the
semiconductor wafer W is mounted, is continuously moved,
for cutting, in directions shown by arrows 40 and 42 in
FIG. 2. Between a cutting movement and a subsequent

25 cutting movement, the chuck 24 is moved, for indexing, in
a direction shown by an arrow 44 or 46, whereby each of
the cutting lines 1L is sequentially aligned with the
cutting edge 28. Upon completion of cutting along the
cutting lines L extending in a predetermined direction,

30 the chuck 24 is rotated through an angle of 90 degrees,
whereafter cutting along the cutting lines L extending
perpendicularly to the cutting lines L extending in the
predetermined direction is performed likewise. In this
manner, the semiconductor wafer W is cut along the cutting

35 lines L arranged in the lattice pattern. When cutting of



The cleaning rate was determned in the same manner as in Exanples 1 to 6,
except that the internal dianmeter 20 of the constriction in the conprz6486 7200
gas path of the nozzle neans was 1.1 nm The results are shown in Table 2.
Table 2 Air pressure (kgf/cnR) Average |ightness before cl eaning Average

| i ght ness after cleani ngC eaning -8 -

rat eEx. 72. 5558910367x1053Ex. 82. 7565x10328x1065Ex. 93. 0554x10316x1067Ex. | O4. 0

557x10276x10 ¢3fx s@?n%cgitég@fg%ﬁzékgyﬁxilszéeﬂ??@éfﬁé@ BgoPhelcibRIng gaBehUo

Q02 - 13 Exa Ales I The cleaning rate was deterni ned in“thé“sane
manner as i n2Bxaapkeslingoléguedcwptichhmtythe daiennakddivatrereis5 of the

constriction.i e S p f _kh o] .peans was 1.4 mm The
results are gﬁg&%gi£%$§E%§%33g¥ggﬁg gggfg Bgegggréé%géggcﬂ ?uﬁéerage
| i ght ness befijet&éicbeanzradeABér agwakghhresstaiheredbeadBbngdeaniger a2 e

RINE ST TN el ST R N O R
means 50 disposed adjacent to and forward of the cutting
edge 28. From the nozzle means 50 of the cleaning
apparatus 48, a cleaning liquid is jetted toward the area
in the semiconductor wafer W, where cutting was already

10 performed, to remove swarf from the surface of the
semiconductor wafer W.

Constitutions other than the cleaning apparatus 48
in the illustrated dicer 2 may be in a suitable form well
known among people skilled in the art, and do not

15 constitute a part of the invention. Thus, an explanation
for their details will be omitted herein.

Referring to FIG. 3 along with FIG. 2, a main
portion 52 of the nozzle means 50 of the cleaning
apparatus 48 1s disposed substantially vertically, and is

20 positioned substantially perpendicularly to the
semiconductor wafer W located in the cutting area 14. 1In
a front end face, i.e., a lower end face, of the nozzle
means 50, an ejection port 54 is formed. In the nozzle
means 50, not only a compressed gas path 56 communicating

25 with the ejection port 54, but also a cleaning liquid path
58 communicating with the ejection port 54 is formed. The
compressed gas path 56 extends substantially vertically as
far as the ejection port 54 in the main portion 52 of the
nozzle means 50. In a downstream end portion of the

30 compressed gas path 56, a constriction 60 is formed.
Upstream from the constriction 60, the internal diameter
of the compressed gas path 56 is gradually decreased
toward a downstream side. Downstream from the
constriction 60, the internal diameter of the compressed

35 gas path 56 is gradually increased. The internal diameter,



10 Exa ales 19 to 24 The cleaning rate was determined in the same nanner as
in Exanples 1 to 6, except that the internal dianeter of the constrig pgm202
‘in the conpressed gas path of the nozzle nmeans was 1.8 nm The results are
shown in Table 4. 15 Table 4 Air pressure (kgf/cnR) Average |ightness
before cl eaning Average |ightness after ¢l eani ngCl eaning rate

(0) Ex.192. 5556x10351x1057Ex. 202. 7551x10277x1078Ex. 213. 0555x10266x1081Ex. 224

. 0569% 102301 092E%.123% H5H6X102TK LODSEX . 2485 DE5KL 0217 XdO~ 95 fomxam-1_es

25 to 30 The cleaning rate was determned in the sane manner 20 as in
Exanpl es 1 tesm@cidddaptl 1haio thel it er Adle dilemuiag i dHel ddrist Pt iodn in

shown 1 Tabre &ond il RN G IR M hE et i ey
Aver age | i ghptarids S deifrorshe Ingaim nep Avissragel | ¢ Hhthesso 2 termedrandhigCl eani ng

r
ate 5 then extends at an angle, o, to the compressed gas path 56,

and is connected to the compressed gas path 56 downstream
from the constriction 60. Thus, the cleaning liquid path
58 is caused to communicate with the ejection port 54 via
the downstream end portion of the compressed gas path 56.

10 The angle o which a downstream end portion of the cleaning
liquid path 58 makes with the compressed gas path 56 is
preferably about 45 to 90 degrees.

To the compressed gas path 56, compressed gas

feeding means 64 is connected via a pipeline 62. To the

15 cleaning liquid path 58, cleaning liquid feeding means 68
is connected via a pipeline 66 (the cooling liquid jetted
from the coocling liquid jetting nozzle 38 can alsc be fed
from the cleaning liquid feeding means 68). In the
pipeline 62, an opening and closing control valve 70 is

20 disposed. In the pipeline 66, an opening and closing
control valve 72 is disposed. The compressed gas feeding
means 64 feeds a compressed gas, which may be compressed
air, preferably at a pressure of 2.7 kgf/cm’ or higher,
especially at a pressure of 2.7 to 6.0 kgf/cm®, to the

25 compressed gas path 56 via the pipeline 62. The cleaning
ligquid feeding means 68 feeds a cleaning liquid, which may
be deionized water, preferably at a pressure of 1.5 to 2.5
kgf/cm®, to the cleaning liquid path 58 via the pipeline
66. In cleaning the cut area of the semiconductor wafer W,

30 the cleaning liquid is fed from the cleaning liquid
feeding means 68 to the cleaning liquid path 58, while the
compressed gas is fed from the compressed gas feeding
means 64 to the compressed gas path 56, whereupon the
cleaning liquid and the compressed gas are ejected

35 together from the ejection port 54. The cleaning liquid



(0) Ex. 252. 5569x10366x1055Ex. 262. 7556x109286x1076Ex. 273. 0553x10' 274x10979EX.
284. 0557x10241x10" 88Ex. 295. 0561x109234x1090Ex. 306. 0559x10222r, 1094 3 §~AUp 2607
‘pur poses of conparison, the cleaning rate was 5 determined in the sane
manner as in Exanple 1, except that only the cleaning liquid path with an
internal dianmeter of 0.1 nmwas formed-ipngthe nozzle neans of the cleaning
apparatus, and that the nozzle neans was fed with 3,500 cc/mn of deionized
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Ex. 2150565x1023/x1090Co0 romthe for%going

Exanpl es anceCoripomtpart 15 Bragidds, the denadertsitcdod &/hand heettexhini ng
appar at ug of S i | n achi.eve -t S 1, i ffect as
t he cl ea%i ngf%#}?e@ieeog%%ﬂel%\ég vderg{i%ﬁ'al %cﬁggn:grggtagfe)pgrﬂg ﬁlsl% ilc uﬁgd a
cleaning |i quiinilgs alopmsimEeablof Hilgh gamEissurd)ctevewatteen W hieo prlessur e of

mich | over CH THE Sreatur o THE G o 190 & 1 A et | onal

cl eani ng apfradiding 26 td0hientih L1 Al rlienkes| edrmaappar at us

commun; cati AP THO B ot e bort S L o Ae dod (RS R 19F 27
conmmuni gat i ngy il dif blﬁeh&bﬁéti,oanﬁoéﬁ;acwéﬁr €hRoBgROBREN t6hb@Rikcsibar wed in a
path i & caustat G bR GG T ot cec Gt pA I S ben e
cires o St e S S e o
of the co , ‘e [ a

cl eani ng Fir)fadﬂiiéﬂhdﬂba:w.l easi Bghlicqui d pathsrwbepeinctbanehgarisFedti,qui d
Lreggl!sEgége;?nt}%%eﬁ%ssf}%eq(%f/e%?g | i qw d to the cleani ngiblr%qw d ai%-\?ﬁ,ﬂ} a
feeding a compiessRt aasy I tEHdEONPressed Ak g@idm?. wherein the conpressed
gas feeding neans feeds the conpressed gas to the conpressed gas path at a

pressure of 2.7 kogf¥@np? oFhogherModhtl aheteR Pt Hehe ompr ek cBC@Rs - | 50
ejected fi-omiNe ell6ld AbPANiLIdHQUAY te ePressedGas Patthoide the
cl eani ng |quld is ejected fromthe ejection port through the cleaning
liquid ormed in a compressed gas path 156 is relatlively long,
20 and a downstream end portion of a cleaning liquid path 158

extends substantially perpendicularly to the compressed

gas path 156, and is connected to the constriction 160.

Other constitutions of the nozzle means 150 are

substantially the same as in the nozzle means 50

25 illustrated in FIG. 3.

Examples and Comparative Examples

Examples 1 to 6
30 A dicer sold under the trade name “DFD640” by Disco

Corporation (Tokyo, Japan) was used, with its cleaning
apparatus being changed to a cleaning apparatus of a shape
as illustrated in FIGS. 1 to 3 (such a dicer had a shape
as shown in FIGS. 1 to 3). A semiconductor wafer mounted

35 on a frame via a mounting tape was brought into the dicer



path. 2. The cl eaning apparatus of claim1, wherein the conpressed gas

f eedi ng nmeans feeds the conpressed gas to the conpressed gas path at2& AUG 2007
pressure o f 2.7 kgfJdcnZ to 6.0 kgfl cnR. 2 6 AUG 2UUZ -16 3, The cl eaning
apparatus of claiml, wherein an internal dianeter, d, of the constriction
Is 0.5 to 3.0 mm 4. The cl eani ng apparat ysg of clain13, wherein the internal
di aneter, d, of the constrictionis 1.0 to 2.0 nm 5. The cl eaning

appar at us oftgl @i dhe Wei Bt dn@lict €ASha e PO | O it ihe £OMPr egped gas
path, ranging fromthe constriction to the ejection port, extends

subst ant i al |§/e1§w<arr—<§wwr WnEe B ‘éﬁ)%w%tfrkjawpfériféﬁ]?ﬁﬁt@%rﬁ ofhang ad eani ng
liquid path % 5, afr@n gnggﬁad o@aélﬁ‘%go 9@1% 5}61%190 essed gas
e 0 ereln

path. 6. Th eanlng appar ‘at us eanlng iquidis
dei oni zed warrtent/at e ﬁl@@nlﬂ@g@ppbr®iu%0cmnclandndﬂtNWERE&SEtTﬁaof

TR 0. A Sho 55 AT, ARG SR RS REo Ry SRS e e g 0 @
{qugb]X]ca$n%@mmﬂ(ﬁ@lﬁﬁh&ﬂ(ﬁﬂ&%éca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c“a
lcra U]CAaulca]C:a£§§L§a¥8AQLEE?ﬁ%C8kcgheDsemiconductor wafer, the

surface of the semiconductor wafer was imaged by an

imaging device. The resulting image was measured for the

10 lightness of each of five regions R1, R2, R3, R4 and RS on
the surface of the semiconductor wafer. The semiconductor
wafer was to be cut by a subsequent cutting operation
along 20 lateral cutting lines LL and 20 vertical cutting
lines LV shown in FIG. 5. Each of the regions R1l, R2, R3,

15 R4 and R5 is a region surrounded by the lateral cutting
lines LL and the wvertical cutting lines LV. The lightness
of each region was determined by measuring the lightness
of each of 512 x 480 pixels in each region on a 64-level
gradation scale (level 1 represents white, and level 64

20 black), and calculating the total value of lightness of
all pixels in each region. The average value of lightness
for the five regions was found to be 200x10*. This fact
means that the average lightness of the surface of the
semiconductor wafer having no swarf is 200x10‘.

25 Then, the semiconductor wafer was cut {(more
specifically, cut to a depth of 0.5 mm from the surface)
along 20 lateral cutting lines LL arranged with equal
spacing (7 mm) and 20 vertical cutting lines LV arranged
with equal spacing (7 mm). The average lightness of the

30 surface of the semiconductor wafer after cutting was
determined by the above-described method.

Furthermore, the surface of the semiconductor wafer
after cutting was cleaned by the cleaning apparatus, and
then the average lightness of the surface of the

35 semiconductor wafer was determined. The internal diameter
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15 Table 1

Air Cleaning

pressure |Average lightness | Average lightness rate

(kgf/cm?) | before cleaning after cleaning (%)
Ex.1 2.5 558x10° 433x10! 35
Ex.2 2.7 563x10° 399x10° 45
Ex.3 3.0 559x10° 387x10° 48
Ex.4 4.0 553%10% 378x104 50
Ex.5 5.0 559x10° 368x10* . 53
Ex.6 6.0 561x10° 344x10° 60
Examples 7 to 12

The cleaning rate was determined in the same manner
as in Examples 1 to 6, except that the internal diameter
20 of the constriction in the compressed gas path of the

nozzle means was 1.1 mm. The results are shown in Table 2.

Table 2
Air Cleaning
pressure Average lightness |Average lightness | rate
(kgf/cm?) | before cleaning after cleaning (%)
Ex.7 2.5 558x10* 367x10* 53
Ex.8 2.7 565x10* 328x101 65
Ex.9 3.0 554x10" 316x10° 67
Ex.10 4.0 557x10° 276x10° 79
Ex.11 5.0 553x%10* 275x10° 79
Ex.12 6.0 564x10° 253%10° 85
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10: nozzle means was 1.4 mm. The results are shown in Table 3.
Table 3
Air Cleaning
pressure Average lightness | Average lightness | rate
(kgf/cm?) | before cleaning after cleaning (%)
Ex.13 2.5 552x10° 355x10° 56
Ex.l4 2.7 561x10" 289x10* 75
Ex.15 3.0 558x10* 276x10° 79
Ex.16 4.0 559x10° 241x10° 88
Ex.17 5.0 563x10° 217x10* 95
Ex.18 6.0 554x10° 216x10* 95

10 Examples 19 to 24
The cleaning rate was determined in the same manner
as in Examples 1 to 6, except that the internal diameter
of the constriction in the compressed gas path of the

nozzle means was 1.8 mm. The results are shown in Table 4.

15
Table 4
Air Cleaning
pressure Average lightness |Average lightness | rate
(kgf/cn?) | before cleaning after cleaning (%)
Ex.19 2.5 556x10° 351x10! 57
Ex.20 2.7 551x10* 277x104 78
Ex.21 3.0 555x10° 266x10" 81
Ex.22 4.0 569x10° 230%10° 92
Ex.23 5.0 566x10° 217x10¢ 95
Ex.24 6.0 558x10° 217x104 95

Examples 25 to 30

The cleaning rate was determined in the same manner
20 as in Examples 1 to 6, except that the internal diameter
of the constriction in the compressed gas path of the

nozzle means was 3.0 mm., The results are shown in Table 5.



10: 10:: 10% & ()-!'x@10%r& () -
I &S#10% o' 0&' ()-f ! &"10%0& () -
1 1263r 3s3t 3u33zodY: 1!'!(10% & ()- 10'8 10'8 10' 8&S#10% 8& () -f

I X&SHL0% (& ()-f ! e&SHI0WR ()-f ! n&S#10%00& ()-f 33f 4} 55i 66z2X6dY:

1111 sYg#109&ZZ& () - 34! Yg#109B8&' () - 34! xYg#40983&' () - 34! Wrg#10% * & () - 34! Yg#1l
0%\ & ()-34f10% & ()-6i 7~89:::::wxXvB7 1!!! 10\ 10\

10\Yg#109&&f() 34|Yg#10%&'() 34'|Yg#1Q%&M@ G - 34'

---.1/xV4~_= 111 &S#10%00& () -f

S, |
118" 109%H8 ()-f & 10%& ()-f!1" 10%¢t0f8eAUf 2002

Yg#109ZZ8& () - 34! Yg#10%dd&

() 34 D q1 : —/\’)I\/D74‘LI I I @y
109V’ () -z 510%\/& ow& ?, wq .
11t &y#109%& [()-$! n i&y t(;)es ﬁfé%:c&g{f-‘%is&&ﬁ&po & ()
- $!) &y #1098~ ¢AD e C eanl ey cleaning %)
11t . F@*109 k‘&Z AN 1 |: 104 f f_&' L\5Q@i€19myé &r(h 1@@%@&390 A OM-TOM-
TOM | 1000 - i ( AR R U A A 1) 3 R il

. \J1 NA — 4 4
10, . 10% & (EAFEHL006- 0831 SLE"F 10y g 27 $X e Y2 &1 FiE1 0%
& ()-$(?-18H(,.E'.x! S 416 00ave g (3|10 24ex1C M
10" 1@*10% & g\x,inl e :T'Jastfvs%}[@fz—%ﬁo“' #14v@ £
Comparative Examples 1 to 3

For purposes of comparison, the cleaning rate was

determined in the same manner as in Example 1, except that
only the cleaning liquid path with an internal diameter of
0.1 mm was formed in the nozzle means of the cleaning

apparatus, and that the nozzle means was fed with 3,500
ce/min of deionized water at a pressure as described in
Table 6.

10 The results are shown in Table 6.

Table 6

Cleaning
liguid

pressure
(kg f/cm?)

Average
lightness
before cleaning

Average
lightness
after cleaning

Cleaning
rate
(%)

Comp. Ex.1

100

558x10°

286x10°

76

Comp. Ex.2

150

565x10°

237x10°

90

Comp. Ex.3

200

554x10°

217x10*

95

15

20

From the foregoing Examples and Comparative

Examples,

it is understood that the cleaning apparatus of

the present invention can achieve the same cleaning effect

as the cleaning effect of the conventional cleaning

apparatus which fed a cleaning liquid at a considerably

high pressure,

even when the pressure of the compressed

gas fed and the pressure of the cleaning liquid fed are

much lower than the pressure of the cleaning liquid in the

conventional cleaning apparatus.
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diameter, d, of the constriction is 1.0 to 2.0 mm.

5. The cleaning apparatus of claim 1, wherein at least a
portion of the compressed gas path, ranging from the constriction to the ejectiorn port,
extends substantially straightly, and a downstream end portion of the cleaning liquid

path extends at an angle of 45 to 90 degrees with the compressed gas path.

6. The cleaning apparatus of claim 1, wherein the cleaning

liquid is deionized water.

7. The cleaning apparatus of claim 1, wherein the

compressed gas is compressed air.



