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Liquid-assisted laser shock cleaning process
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HZ A A 2 AR AF oA A Ford weEE Yxvg £ A HAA FAA A4
#dol IA F/EEA AR AR WPEe AFHI Utk I duA A HojAE o] & WU
HFZ g d4 gyes Ha @Al A FUhsn de FAYTh 2u #HolA UL o)&¥ A
2 A4 wW¥(dry laser cleaning) ¥A AA @A $9 Yxvg £E2Z 100 nm )3t 4
AA ol gsr) Yl ojaF He FBar] AAM ANHe EHo] AGe =¥ F F ol WS
zAshe A% B2 FH(steam cleaning' SC)o] A2 AT o} o EF 100 nm ol3te] A=
AANHNE 2 5o ¥ AL Adtk? 2 1 Jdux "2 9L J&5E o A= FARE
o] g3t YA} AL olF = 2An MA FA(aser shock cleaning: LSC)o] = o] ¥-& HEH A
4 AR ogslm oy} o] TG AA sH5e A 277} 100 nmol PR Rtz ok

B dFqME ol FolAE 7wos e AR FAEL FESY 100 nm FE YA AA T
Ag ALdn 1 AHE nFY) Fig. 12 74 ANE 235 A T334 4 2249 9
F F4 FHAL FEY A9 Bz oA FAR MA FH(liquid-assisted laser shock cleaning:
LLSC)Y /AEEE vehd AHolth B AFANE dolA Po g8 =+ F43% 2 F23 7lgE
A g Ao A&t YA AR TP 4L =R, 100 nm FE A& AAAN H &
s 1 AFHE =£3AY.
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Fig. 25 & d3o AgE 43 A9 Agz=eldtt. FARE o787l A3 Q-switched
NAYAG #olA(EA Z: 1 =6ns, 33 : A = 1064 nm, Jdl B2 oA E = 520 m])& o433,
KrF A9 do]A(t = 24 ns, A = 248 nm, E = 600 m)8] EFA2E ZHI{UA o] =29 4
He ZAMste] Zitd 7188 fLatgd A¥H HPsA NAYAG #lolAE ZAHstd ¥, 100 mme]
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Fig.1 Concept of the novel liquid-assisted laser shock cleaning (LLSC) method.
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Fig.2 Experimental setup for LLSC.

27 AfE A= A% A=E o] F5) AResRE 2 mm Bl AP FEHE SN o
Ar #olAE TEAA 1007300 m)/em’] H9) oA AW 8 = 30°¢ ZE2 FAEHS. 60 °C2
$x% o (isopropanol : £FF = 1 : 1000 dsiA B FNE ANHA FA ms T EAES
dure FgSAA}. oink ¥ T o 100 ms o) F, NAYAG #HolAdl o3 d4d FAT Ndoh =
gate] Qate] Aol o]ToiE AH12 us) 2 AN ol A o HuEse FLH 7131k 1 1
sl Al 73 oliel O wAsE APE FrsEd F AR ARl A TAll 283t
E golA A AFE HAATAT

AA Ago] o] &8 Y= 50 nm, 100 nmel FF AFL 7HAE ALOss 50 nme] FF AFE 7t
AL CuO YAE ol43dh 91 4AEL sonic bath ¥ magnetic stirrerd o] 83t ZFFo B4
N F, AGa golfg o o &2 F ARAA QA7 Aol Al 4R EXHEE A
t. Uz AMA ZA ¥ scanning electron microscope(SEM)E ol&3t] AA A#HE 43U

m 2s 2 2%

Fig. 3¢ 100 nm¢ FF AS g 7HAE ¢Fou A o A4 2348 SEM& %39 4%
Asiolth, LLSC FAL 5§ AR Aus 34 doA AA FAGSOH dolA F4% A4 A
(LSC)e AR A7 712Ae Fu 2z A48 Axe vlasdc M3 23, Fig. 39 (b)e} ()l A
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(a) (b) © o @
Fig.3 SEM images of a silicon substrate with Al:O; particles 100 nm in nominal mean diameter,
excimer laser fluence = 270 mJ/cm% (a) before cleaning, (b) after 20 SC cycles followed by
20 LSC cycles, (c) after 20 LLSC cycles, and (d) after 100 LSC cycles (scale bar: 10 um).
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Fig.4 Particle-size distribution (100 nm nominal mean diameter): (a) before cleaning, (b) after 20
SC cycles followed by 20 LSC cycles, and (c) after 20 LLSC cycles.

Zo] LSC A3 SC 33-¢ HUg HE3 B2 LLSC FH vlad g4 A 5o v
2 4 gl Fig. 49 (Aol B 4 350 LSC FATL A4 WAdME 100 nm 39 9
2 AAN} BAsES & 5 A%

Fig. 45 o 700 pm’9] A1 @xo2RE 9L U A7|d e AA ZAFHE ¥} & Aotk 1
oA B 5 R0l F A AA FAL =2 AY3 A7 A E 100 nm 0139 IVE MR E
A7} AR o)FAE thF BAHY 100 nm o)) ANNE AAE YAE BRPD. 2 LLSC TH
ol & M AFAHE 100 nm o4 A= ZE AA HYen 50 nm %9 YA 5 AA

< 2 4

Fig. 55 50 nm 250U Uxte] o) 248 AU F 71X AR F4e) T3 44 AAS F38
%9 SEM Atzoldh & AA HEE 100 nm FAA @ A AFs} o ¢ fAEA UERTh SC
FA 2 LSC FAo HEE S o)FdlE= vAF YIS o AT FFHATW LLSC FA 9
8 AAE AHAME FdHoz dol e YAV A HASHA Fch

Fig. 6& 50 nm &F0t e 8 A" &&& veld T Zolth 100 nm &9 ¢4A AAE
T who] BEAA 100 % olFJAY AAel A7)7} 100 nm olFE FHold mole AA T&o] i
#A8A Ak 28y LLSC 34 23 A AA &£8&9 907100 % FEo.2 7 714 AF F3&

(a) (b) (c)
Fig.5 SEM images of a silicon substrate with AlOz particles 50 nm in nominal mean diameter,

excimer laser fluence = 270 mJ/cm% (a) before cleaning, (b) after 20 SC cycles followed
by 20 LSC cycles, and (c) after 20 LLSC cycles (scale bar: 10 um).
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Fig.6 Cleaning efficiency (50 nm nominal mean diameter): (a) after 20 SC cycles followed by 20
LSC cycles, and (b) after 20 LLSC cycles
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50 nm® BFF AEL 7FAE CuO YA A8 LLSC 24 ¢ FYaAe o 9A vy 9z A
B 23 FAE ZEE 1Ach 100 nm o439 Axtel disiME 100 % Ao} o]Fo} Hon 50
nm FE7HA 1L AP A&E 2
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B d7dAdE 339 A4 3 £ 4 dolA MA FHL HE2Hd g4 ARHL Fosd 4
2& 9A A3 FAWLLSC)E MM LLSC 247 7189 gojA We o] 43 SC 2 LSC AR
TAE vnG A3 100 nm o8] A& AA E&ol LLSC FAL ol 8T A 71& doly 7wt A
A FAC HHM A FHEE & 5 YA B A7 4F A gad F AR HA o)A
(NdYAG 2 A dolA)e] xAl Ao Wsle] utal ARYe 277 Wasdch gaty o2 §
A3 A71E 4 nme] 3718 7HAE ALO; R CuO% 2& n4 4] A9 o] &8 4 ik
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