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Development of a cleaning technique using spray mixed with

steam and water

Duration of the Project
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Purpose of the Project

Utilizing spray mixed with steam and water, new surface

cleaning technique that is low environmental load is developed.

Summary of the
Results (FY2006)

In the experiments, we have observed the spray and the process
of cleaning. From the measurement with PDA, the order of the
diameters are O (10 pm), and the velocities are almost 200~300
m/s. A Photo-resist stripping was observed with a high-speed
video camera and it is found that this method mechanically
strips the resist. Microscopy analysis on the several metal
surfaces after spraying the mixture clearly shows many pits due
to erosion. In the numerical analysis, we have compared with the
differences between steam and air flow in a converging-diverging

nozzle.

Publication, Patents, etc.

Original paper : 2, International conference : 2, Domestic

conference : 2, Patents application : 2.

Future Plans

According to the study plan, optimal nozzle shape and optimal
parameter will be examined. In addition, new problems will be

sorted out for the practical application.

(E) WO RE S1E, AARTZERKASI4H L5 L,




7myx=7 ~ID#FES 06A30701d

WFZHR PRk 1 84FE1 1 H30H~YRk1 9411 H29H

W T —~ 4
IKIRE L K DIBEVETRIC L DAKBR B A e & O B3

Bkt o540 & @Ak RE 4
BH #2 (KRS ttsanad@ipc. shizuoka. ac. jp

A

1. [XC®HIC

YRERRLE T 0 R ZBWTC, U AREOIEELENILT A ZAOBEE Y, [SHEME 2 iR
T2 L CHHICEETHDH. TOHED ULSI HUEICIE, 1824729 50~100 [B]H OBEEH
B0 IRENDO, BIERANEH STV D EEE5EIE, 1970 4£12 W. Kern & D. A. Puotinen
2 &> THRIE &N 7z RCA Mgz JEITHE R S TV 5@, RCA Wi Tl bk FE K E_—2 & L
AW T, —#ilZd L, SC1 (E721%k APM) LIMHIN D/ 8—F ¢ 7 ARoF W A Rt
% NH4OH/H202 %%, SC2 (F7zix HPM) & FEEIN 54 miEYERr LD HCYH0: Pii%, SPM
EMHIN DA AR L L T LU R NEZFRET D HeSO/H02 i E 672 5. LinL, Z
@ RCA VEHITIREAMITRIEXN CTH 720, FERBORB O Y =/ ~NTIETREOIHKL P HEE & 72
HZENFEAEDTRENEIR T TITHON A T8, 285812 L DI E L2 EOREEZ /T 5.
JBRAAHIF—valREORELHY, WL o THERINDLREELHD. I HicZ
DT, FEFITIRN BT NI ) TH Y, VRO Z MO LBEFEALE T 153 R
SNTEY, HBREREDR X O IR IS AN 2 5 2 W LW E S RO b Tngd. 20
7o, HHEROVRAHME, RREEES O-ERBINRIG ~ » 72T, He i 4 B2
MEErLTHITFONR TS, 8RO E - pEE O AT ST 2004 4T
1800Million$ (HAIE 610Million$) & EFTH Y, ZOHGOYHA HAR A — T HVERSL T
L7, HAREIZE - TH, Y8R ISHEERIELE 25,

PRI & LT, Box 13KER L AKRDIREMERIC X 52 LWIEE 2 BI% L T b,
AEATL, HEXThHhorrmxarZ2Ix—a v 2T 570, —BTLY A MGRENSS
—T A INVREFTEABEET2LDOTHD. IOITARFEINE, FRATTARIN WS [
RPEHEIT) O ENEHRLTYH, RLARDIFLNLOTHS. 7nf, @EAYeY =7 [
S E BN R e ) O —BRIC L W NEDO TR SNz 2 iRy = o Med &l L T
WD, RERE, EREEHLRNZ L, BRREEHLTWD 28, EHNIEFITRNT &
(0.2MPa F2E) EDO R TREBIITH Y, BREAR O TENLTWD. KEiE2HEHT 52 & T,
Ty F U T TREEDO LTV A RNRE, RU~—FrE, CMP WLPRM%OPEHSE CIE I @O ESHE
ZRERLTWAD, ZDOA =X LTI LI TRU.

AWFFED BIDE 1T, REIROBEEHEELZ I DN T2 2 L 10dh D, RO INL, &
Betfr ooy G 2 B IS HE L, / AVEDOHGR S AT MO AHILEAR IR ThH D, Vel
BREZBONITHZE T, TRENO TS Uit 2l boNa L, BEDL L Ot
el 2 S 8 U ORERBEAMICAE 2, it TREtE S O FEBUTHRZIT D .



2. ARBARDARE

AR, FERAMIITE UG v ARG ORI E - T, F I BUERIRFIE S LT
AENESFNT 2 — RO AT S . ZOTZDLLT, HBREKDEESEROEERE, BEEOAHR
b, EXRESFEOREBEIUVLSAMREANZXLDMRH, HIKLKDEAEROBIESI2L
—2av Thole. TNENDOREREIRRD.

2—1 KEARDEEERDEERE, BHEDAIMRIL
ERFELSUAZE

VICARZEEOME 2777, APfEE, BEXUNEUZ X0 EHKD DI R AR Z ER L,
J ZVABEIC TR LIRE L, AEMITERHT 26D THS. 7 AV AATORKIES pix
0.05 ~ 0.3 MPa L{KETHDLONFHATHSH. F/ZIRAT DMK R ¢ 1% 100 ~ 500 mL/min
BETHD. / ZLHA LY 10mm BREOAREICT 2 " EE LS 21T ). Bl X
JVIEARIE 8.8mm Th 5. M LTV DIEEIRF OWFEE, #EOFHAZ, PDA (Phase Doppler
Anemometry, TSI f: PDPA 1-component system) %M\ TiTo7z. WRIZHEERZ 7+ LT A
NI T DR T2 mEEE T A T IC L 0 BIER Uiz, FEEOHMN L CORBEREITIER N EE2 7-
W, AFEHR (Si02) O LIC7+ LY A MEBAL, THELVIREEITo7. £, *gWRin
NDHE A =T RET 5720, 0T AT — U2 HAWTHERICE AW EZFHME L, iD= D2ER
EIKDIBEMETIC L AR L DOl a4T o712, X 2 [T Bl 24T - 72 38 &2 789

@
Filter -
Purified
water

Steam
—

Pressure meter

Load Cell

flow meter  /
Nitrogen ' ___‘Wafer =
gas L
Turn table Rg'g'fd
Fig.1 Schematic of experimental setup
Fig.2 Pressure measurement apparatus
EBRRERBLUBE

AFIETHA L CODMEROEIREER L O %E PDA (2L VFHIIL7z. Bl D 792K
EKRDIBEMEFIZOWT HEHI AT > 72, JIEIL, p=0.1 MPa T, {&ifi&% 100 ~ 500 mL/min
OFIH AL STz, BREXK3ITRT. K3 (a) ITRINDHREIE, 15 pm ~ 30 um 2
THY, REOHM & LITHRELIINT 5. £ARKEKDEAERE, 2R L KDOREE
it & ORI KZET 2. K3 (b) IR TIREEE IOV T, AR & KOG, 225 &K
DIREMEN & DRITRZETEE S, KIAEREIN O RIERE T3 5. WEFEEZIE 150 m/s ~
300 m/s FRETH . 7eBZER & KDIRAMETOLGEIZIE, / AV bOFRENE < 72 51220
CREEE I L7228, 2R EAKDIBEMEROBGETIE, / A b O A= 10 mm (2B
TR IR & 7r o Tz, ZRR L KDIBAMERITZER & KOIRATEN & b U Ciiies, H
ICRZERWCHED LT, W NIIRES R L0, ZHLOFEBRTRENT:.

VT4, B —  ORHME, BT AT MEZR SICHEY, S~ DZ A — VR E 2o T
5. ZDh, KFEIZL DG ~DF A= % RS 572012, MRS ~KIE i E
P2 T o 72, 7238, WO O[E U3 L OVKEOZER L KDOIRAER TH EBR ATV,
e U7z, M4 CkERE2RT. ATEEE THO DMERITEE TH 5 72 DICEFIT/ NS R E L
DM BIRNT &, FI2KR L KOG & 285 & KDIBAMER & TIHRERICER R EZNET



N L, EBIT, KL THRATS 16%RE L EISEIET, £ < OBEERED
DD ENMA LY DD, ULOFREERL Y, AUEE THO D EEIIER O 2 Fifk
Vxy MIEEANTHFEITRN D, TG~ GZ D Z A=V TETE 5 Z L3 D%,

30 350 120
0 [mlimin] air
300 - 100 [miLimin] steam 2
300 [miLimin] .
% ;1 10 500 [miimin] : ]
'\\ ]
= = 250 i ]
é 20 I/ E ./ \. 80 steam el
g : —— 2 200 ] .
g 15 s . ]
a > g 80
5 B 150 & i !
g s § i
g 10 e a 100 ] 40 | steam af’
5 +“f5 ] e he 4
SRt * ES A 2
0O 100 200 300 460 560 600 0 0 100 200 300 460 500 600 . ! ! !
Water Flow Rate g [mL/min] Water Flow Rate g [mL/min] 01 0.2 03
. . Pressure [MPa]
(a) droplet diameter (b) droplet velocity
Fig.3 Droplet diameter and velocity (p = 0.1 MPa) Fig.4 Load by mixture

2—2 EXEXFRHEDBESIULSAMEEAD=XLDMHEHR
EREELIUVAE

Velfd&iE & U COREAMERIZOW TG L7, 1R RAKREERT D720, BRI EROKR
ATV, RGO % ICP & &y HrikE (Inductively Coupled Plasma Mass Spectrometer)
ARNTHE L. E0mE a0 ) a2 Ik LT, ARG 2 IV OB L 7= B oS
—T 4 VI ORRE SR, N—T 4 7 VB (KLA-Tencor SP1) % VTR L7=. &IZ,
PR VEREDRHMM 21T > 7. BEEIDFeE L LT, /X—F ¢ 7 VErEMERE (PRF : Particle Removal
Efficiency) Z ANz, WRICEBRIC 7 4 F LR FRRHEET 282 @ E D A FIC L 0 #Eig L
7o EEEOFENR ECOHBEBIZIIIETICREE /2729, AdH (S102) O L2774+ LY A &R
L, HEIVIREEITo7. 2R EKROEAERE, KR EKOIREENEA ik L72BRIZ, 2
— 1 ORLEL D ICIKFEOREE « ZIXTFELV. BEWTEETHD. T, HKEPHERO
IRENIES XT84 (T 648) ~G2 08 E L.

ERERPIUSBER

FPPRFEE OFEEIZONW TR 5. BURTHIR STV A ZRK B IR O & @ ME
HAENTEY, @BIGROFREED S 5T OFERPEREITITESEMHATE V. 207d, Rk
HIEETIET 7 e VEOIESBEMEIZFIAT 2 2 & CEBIHEROBEBRIEDIK T X ~7-. @O
TR TR D BAERK LTZ785( (before) &A Table 1 Metal contamination of steam generator

L TR L& R (aften) 2N EiL v ) a7 =

Element Before After

RliZER L, 20%, v bEO&BETEE T L Fe 21X10" | <2.0X10%®
FERAZR LIORT. RIORT LI, FHAERSORIE cr 25X10%° | <2.0X 10"
FENT, S EOeE LRI TET, RFEICE Ni 15X 10"° | <4.0X 10"
DA EIEGD AIREMEITR W Z VRS Tz, RIZ, Cu 80X10°° | <3.0X 10"
HEHDO Y a7 eNIxt L, RPEE Vg Na 39X10™ | <20X10™*
ATV, BEERIR D/ N—T 1 7 VBT OV TRET 21T K 1.9X10™ | <20X10%%
ofe. PEHHIHORE @) & OREFEO S~ Ca LLX107 | <20X107

o~ e — i - Mg 13X10" | <2.0X10°®
4 I NVEIZOWTKISIZRT. K5 (a) (DR dZm — —
BT, BEEC L B/ —T 1 2 VR ORIIAERD = e

AN R Al 46X 10 <6.0X 10

LI, SHIZ, VEFERED & D720, /=T 4 - Tox10™ | =20x107




7 VBN 40% R LTS, LLED Z £ D HARKUC L D5 RSN, B
K5 (b) \ZRd, WEEIT- CORWERIZBW T, PRI S—T 1 7 VO HEIMIEIER
Sh-.

WIT, PEFHERRIZOWTRAR S, £7, e RRITREFFOTT v I AR—FT 4 I V& Tz
WA L, TOWEREZTN LTz, RBAKES]), KiiEXEhZip= 0.2 MPa, g= 300
mL/min EF%E L7c. SRFRICBT DR FBREROENEK 6 (ZRT. =T ¢ 7 LN
130nm YL ETHIUE, WITNH 95%LL EO @ KRIFERENMEREA RS, —J7, 100nm FEEE D/ —
T4 7 VT 60%FEEDRER LD, 2O 20 100nm A7 —/LD/3—TF 4 7 VKL,
Vel 2 3N S 2 O BLZ T2, ZORREZK 71T, MR T K91, YEgRH 2
MESEDHZ L THR=T 4 ZBREREPINT 5 Z ER3b05. LLEDO X S ICARFET 100nm A
=V DIN—T 4 JIVHRETEX HMREE AT D Z bz,

WIS, ZOBESNIMEINZ L DD, Fivek bMOIERIC L 2 b DRONEHEID DT,
TH FUUR NOHBEBE AT o, AT AR T7 FLU R MNEBRAL, KR EKDES
R T7 4 b LY R MRIBET DBROR -2 @l EBIE LR A2 K 8 IR, 2oL X p=0.1
MPa, ¢=300 mL/min &&E L7z, FTMEGRBIRG Zi72 LU X MW TR T HIBE L 7-.
D%, EOFEBPILN Y 2PN HHRBEL TS B DBE S, MRS T = ~NTHEHR S
THODERTL VA FOHBEI W ooz, BHOT7 + LU A RBEE, 3EHET 7 A=k
DR LR BT 72012, RIEL VR ICHBEZTT O 23, RAFEICBWTE, ORI ZHEk-
e EFRENDFIBE L2, EALFOERIC X 0 HEE S 2558 OFBEOR A 7 —id, RF
EOFBERFIC LR TRES B2 D, ZTOOARUEERE CIIWEL 2 R E L THSEZITO b
DThHHEZEZLIND.

BAZIZT VR BB LB ORI OFERIZON TS, K9 X0, HKEOBE, Mo
BEN BRI 512060, REDOT o —2 2 VERENLTHNDZ ERNbnD. Loz X0,
APHEE TN 2 £ L L TR LT D Z &Lz,

T 00 00 100
" — = %0 o _

i 50 Mw'ﬁ- i ;r:(ﬁ:o\m £ % B
= — §

iap §. EE i E 0
b T s 3 E

g ? g % L E 40
100 = o
20 i 3

0 s E x & 20

0 0 O0m o1 owe s owe ok 0

0102  02-03 0310 *10 0102 02403 031 10 SN0 -0 DNT DN -1008 ~43C 80 120 180 240
Particlo diamater (yum) Particle diamater (jim) Parscle dismater (jm) Process tma (sec)
(a) front-side (b) back-side Fig.6 Particle removal efficiency
Fig.5 Particle number distribution Fig.7 Effects of process time on PRE

Fig.8 Visualization of resist stripping process



(a) initial (b) air-droplet (c) hot_air-droplet  (c) hot_air-hot_droplet  (d) steam-droplet
Fig.9 Erosion test (A5052, 10min, p=0.2MPa, g=300mL/min, h=10mm, AFM differential image)
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