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WA AZ FAHAA vA A E YIS o F
Z oto] FUdA 2 defect M)A (cleanness)S F
24 4= E731, 54 % Y@ (planariza-
tion) xtole] & ujAl A E YA A} oL IFE
3}7] ¢}8td wafer level H&3 ¥H22 CMP ¥
A A Lol LA o8 R FHO R A HAP 2,

CMP ZARE& olg stozs nji A Z A 9
g == S5 4 Jou, CMP FH 0@ 1A
=M (particle)7} /A S4& AvlAR o} 83149
AntE AYPd= FAHLE CMP F4 F wafer ¥
Holl 228 slurry WA 4AE wafer EHO)
particlee]\} scratch& ¥4 A1z B3 ohvse}
CMP FAA 2AsE chemical contamina-
tiong A AlA w4 A Z& 2= BEA device
9 Aol X PAHA &4 dod F QU e,

A, CMP FA4°l@ He =& 97 S8o 5%
T FEE dvtste A ZA ¥A A g xEE @
vkAl (slurry) & o] &3lej dvl7l ¢85 d wafer WS
CMP #4222 %E #4715+ defectt} chemical con-
tamination®] gl EHE FA 3= CMP 33&

22 A7l post cleaning?l€°l FR3HA AT,
Defect'} chemical contamination 3-4x|7}
AAHA YA M L 2= 71E device AR F
Ao+ CMP 33 ¥4 cleaning 3% /)
2 AY3lo polishinge] #2¥ waferE chemi-
cale] ¥#¥ DIW bath Wo] B2ad 3 o2 Ay
2] cleanerZ o}%& AlA cleaning A& X33}
£ Dry-in/Wet-out3y & AHE st oy, 24 3
4 A7} 9% dA8A= devicedl CMP AL 3
4 3AAMRE F72t DIW bath B3 &7y 3]
o x& Ho] o]FY W) REFog wafer ¥7}
dry o} 9] F& =& particle 24L 94 3}
71 9184 polishing & post cleaning 3¢ &
Zz)o)A 489 module FALE A3 chem-
ical contamination® AHo = AAY ¢ Y=
chemical® F7}% cleaning FAE& ol&3l=

Dry-in/Dry-out 3% 700} 2454 Q"
2. Defect &3 ROl ¥ H& Aof 2y
1) BMI|M AFE EH2(electrostatic force)

CMP 33 A3 7 =& 23 &8 ¥ d4si=
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F&9] Defecte AulAZ AHE-H= Slurry Well &
g & ulA YAZ HE LRHEZ slurry W
Ho] ulAl YAkt wafer EH Atole] F R A%
ZL4-g ot Aol CMP FAd W& defect®
B o2 Ao vl £l E Aoy}, o) F B
A e 71EFHYA A% A4 BAN A5 e
(van der Walls)®} A4 A& =4 (electro-
static force) 22 F& 5o A},

F&q F9 A Ao A7) o]F Fo] YAEH
o A7} o] 8o B Hoj glE A A ©
X HHE AE 2 & ion] EXo) J¢2
v|X 3, AE Astel v 239 jond AWLEZE
B dojR & A7) o|F Fo|l EAFT. LA
particle %o ¥Ag A7] o]F & 1Y 1% ¢
om e veld Am go] o] Ay olF 2 W 2
Aol 71718 REE Stern $0] i, 1A T
wtl9] jonol F&a gl Aol A Fo] Yt}
o] Stern %9 9Zd+= Slipping Planeo] &3t
3 ¢] Slipping PlaneolA 9] H$1& zeta poten-
tialolel 89y o] zeta potential] particle®] &&
4 geo ol B e B4 golv. ol
Slipping Planeol@ 347} £ FoA &5 &
g A BALZRE o FA 71X EAsts £9
< g 4y} 5ol 1A FUI 2L $FE d9
23 o F e Fdo] Ho ol HAWUE
Slipping Plane°¢l&}x v}, wafer EHol parti-
cleo] Brown &% %9 93t 7l7lo] T+ A%
wafer 9ol F2 ¥ wat 2 particle EHo) A
A7) o]F & ZY3 FA7] 4E FHE(electro-
static force)ol &A &tvj, o|uf wteta} particled
zeta potentiale] & ¥ 3 & A HW Ho] &
A3t particle 2E]7t, 22 $3 & 2/ =7 1Y
o] wrAlste] wlel W) particleo] F&3sHA At
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A7) o]F & &9 F9 particled UA sizest
ion Fxo| & 2 93 Wt @A AR =}
1xX10-6 md/191 7% particle sizeo] F#3}A
(00.1im) 7] o]F % o] particle Atole] AY
o2 248 van der Walls potential Bt AA
A] particle ¥2&o] 24 A ¢or 1E-02md/] o
22 A4 AR sizeo] FHSHA A7) o) F 2 HYo]
Uz HY7t EolE9] particle Alolg] QYo
#-8-3HE van der Walls potential Bot F£3] 2
o}A A particle §3to] ¥4 31A drt. =38 par-
ticle size7} WF & ZA$-(0.05m)x A7) o1F
% Y9 zeta potential® °]-83}d wafer EH
9] particle F&& o3|t ¥ 7% A &
WH 02 gzeta potential® £We jon density
o] @& electrolyte concentration® pH¢ 4=
2 ¥ =9 electrolyte concentration® pH7}
%7+l wel zeta potentiale Z43A €@, 4
NHOoZCMP ¥4 ¥ post cleaning Al DIWel
chemical® #7189 cleaning ¥3< 3% & o
2&2HE g4 F3 9 2939 Slurry 9&9 zeta
potential W& A7]& ZA3lA zeta potential
zto] &1@ particle F#3& Aol3= post cleaning
Qo] AR Ha Y. gutHoe® glurry W9
particle &A= &4 We] =¥ £+ alkali chem-
ical® &3 OH- 7|§ Zeon (MHHAE R
o, Si ¥EL pHet #A glol (-) AYE o},
QR 3 3 cleaning TR AL HE
polyvinyl alcohol(PVA) brush: %<& pH(4H)
dAE (+), ¥& pH(EZIYA)dME )AHE
Z7A =], post cleaning chemical2 & & 43}
9] zeta potential& ZA & 4 Sl alkalidd
chemical® ©]43}9 cleaning ¥AL A}
post cleaning ¥ A] chemical contamination
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59 AAE BE¥oE $49 DIWY DHF 22
acid chemical& AH&-3HAl € 2 & =& mater-
ial ¥ zeta potential W& W2} WE particle
EF& Alolg EFoz AW BAHAE AHEEA =y,
ojmj AbE Hi= AW BRI A7 9 258019 H
Holl e} ion4 3} non-ion 4 AW FAAZ 78
Hn, HHE iondl Wl anion 4(R-S03-)3
cation A(R-NH3+) AW EA4A2 7% A},

Without . .
Anionic A | Cationic A
Surfactant
Si -23 ~32 63
Si3N4 43 -52 45
Sio2 7 -7 55
PSL Particles 39 -67 78

¥ 12 pH 3.390 g4t FAA Y Si, Si3N4,
Si02 ¥ ¥ slurry particle®l zeta potential
£ Yehz 2lew Si WY zeta potential (-
), Si3N4, SiO2, Particle2 (+) zeta potential
< UehJo] Si E9W YoM AFAH 22 particle F
g Ao & 71 ¢lh. 28y, anion A AW &
AAE ol4¥ A$ RE EHIAM zeta poten-
tial& ()2, cation A AW YAAEZ )& H$
25 FBHAAM Y zeta potential® (+)Z u}ite
AHZHQI particle F& A7t AAsR, 2
AA Si EHH particle F2E test 3% anion
A Ad 844 E= F material EF (-) zeta
potential® ZtA =o] particle F&o] AHoz
Aol =} cation 4 AH GAAE cation A AH
BAA7E Si ®Ael MY Ho] (+) zeta potential
2 818 9 71X particleo] EHo| &3 Hol 27
particle F3& ARz 2 Aos}7)7F YE 2,

2) Capillary Force

Particleo] Wl Fattel= Yele dolA AF
g AA7NH 45 28 (electrostatic force)
van der Waals force 9ol 5 ¢z} Alojol gk
liquid &t Fo} &4 ¥ 3% o2 liquid HHeto]
F AAE F438l = capillary forceZb &4 3},
o} capillary force= wet B2 #A =+ clean-
ing &3 & 2AsE particle F3o] ojyxn

wafer o] wettingoll4l dry2 H@== AF,
wetting @ ¥9o) air§ g Wy, cleaning 39
wafer”} cleaning & ¥ bath2% € airZ o|% &
o A forceE WA VAL 1Y 29 gon,
w7 o] RS particle®} wafer interfacel} con-
tact angle°] 09] 717+ wetting liquid o &%
capillary forcex=

Fc=47rR7L

s} Zon A size7t AEFE EE surface ten-
sion® £Y4F particle F32 Al & £ Yo
Cleaning ¥4 Al surface tension2 ¥9°]7] 93}
H20(FC = 76 dyne/m)& A-4-31= R 2o} ethyl-
ene glycol{(FC = 48 dyne/wm) °]\} n-hexan(FC
= 18.5 dyne/m)& A8 ¥ 3% FCE t £ w39
particle A|1& v aAAH o2 ¥ £ 9o,

liquid tension

18! 2. capillary force &

3) Chemical contamination and chemical defect

Chemical contamination2 polishing ¥4
% duiA] o AntE 2 AHE-EE slurry®t padol 3
719 chemical Weol &A= 723 33t 2¢He
2= YA 9 Bx1Eol CMP 34 % v g+ vgt
o ¥9¥ EA7e 38 A ot TAAY
polishing S ojzl <& wiet Aol FHd EAs}
dielectric ¥2ta} w889 dielectric Wil &
2 AQEo] AT A% Hol 24 Y. 53 8%
4} polishing Alol& slurry W&ol EA3 =
chemical® polishinge] 8 € & Zo] 318 gt
$¢ doA REHoZ £ o] 424 HAY
interface attacke] 24 ¥ & 9t yidHd
chemical defect™ slurry Y pad 4#ts} 4ty

o

HIIMIHE K12 H102=(19993 108) / 31



t 54 9 ¥ Yoo A3 e 9sie 24
89 polishing pressurel} friction forceol 23t
o slurry 9421} polishing S o1zl utate] g7}
polishing®] &5 ¥ ¥t W&o HF8 4 defect=
EAg, olHFd 292 AASE= cleaning WY
2 2% post cleaning Al LE9UE 44 &3 A|2
4 9lE 5A % chemical® AHE3td et W) 2.
FTEE Eo)AY, CMP7l ¢#59 EAS YR stain
etch 3t 29 £9E AAsE cleaning Wl
ALg- g,

3. Mechanical particle AH Wy

Sk Aol particleo]l wafer ¥R {3 =&
@& 4B, of 4E o188 particle #3
5L o oA & £ Q= Wy disie 49
sttt E FoAME polishing 3¢ 989
wafer X9l particlee] F& € 79 wafer 3
o] dry FElZ Ho] wafer U9 solid= F3 &
o] particle AAZ} £ 715 7] Aol post
cleaning stepolA mechanical force® o] &3t
¥ E249 particleg AAH o2 AAs = WY
o 3t dgstnz} gopow,

1) Double side brushE 0|83} scrubbing &t

Wafer %] &3te particle® AAsE
o2 gutr oz Ao] polyvinyl alcohol(PVA)
Q! brush& ©]€% scrubbing W< A1&3tn §)
o0, 7 polishinge] ¢&EHe] wafer T A%
o] ofgt o9 particled} particle sizeZ} Bl
A & 1m o]4e] particle AA 3te=dl T30
3 wafer surface’l hydrophobic, hydrophilic
45 & A EF 34 7M. Brushg ol
3t scrubbing ¥4]2 Brush® bristle®] wafer
¥ A contact 3= W43 bristle ¢]Fol
osted HAEE liquid9) moving force?} parti-
cleg AA3}E non-contact el glont F 7}
A vy 5% wafer surface®l 7F8]X]1= mechani-
cal forcedll 914 surface roughness} scratch
g 24 A1 F gl

o)

o 1o oo i

2) Hydrodynamic jets

High pressure liquidE& wafer X%l 7}l
wafer XA particleZ AAS = Wgoz £

32 / Hiot7igl-cMP 33 (N)-CMP post cleaning &%

43 (1000~2000psi) S 71¥ A% scrubbing
stepollA] A A7} B715 ¥ sub-micron particle®
AA & ¢ k. 2y oA & dFe Y
734 wafer surface®] mechanical damage® &
4 o] A4l post cleaning 8§82 scrubbing %
A& o] 85t diRE9 particleg AA & £ dry
stationolA ¥& 9429 liquid®} spinning force
£ W38t ALg-3he ol F2 ARE "l

3) Acoustic technique

Cleaning bath W%l acoustic transducer&
& 38l9 high frequency pressure waverE 4t
E9°] ultrasonic(20~40xt)3} megasonic(700~
10000t)& ©]43lE cleaning WHLo 2, ultra-
sonic®] 7% wafer EH9 48 & Fd 9l3id
cavitation®] ¥4 ¥ 4 glo] HE megasonic
£ o]439, ol cleaning AHE ujs} A)7}7] 9
8l SC-1 solution(NH40H:H202:DIW=
0.2:1:10)& AH8-371x #c}. ©]21% acoustic
HE o] 43td 9o AFF cleaning WHLE AA
7} ¥€ A particle (0.3m) AAZ} 7b5E e,

4) Chemical etching

Polishing®] ¢5¥ EW9 chemical contami-
nation®lY}t chemical defect 9} Z& 249 AA
3l cleaning WY 22 = post cleaning Al 29¢
£ 44 43 N2 F e 5AT chemicalE AHE
3t Wt 2 FEE oAU, CMP 98¢
FHUE YUY stain etch 3] 29 RYE AAsE=
cleaning ¥}ye] AH4 ©oh o)d AL23}= chemi-
cal2= NH4OH, DHF, SC-1 59| A14 ®t}, &
3] diffusivity’t ¥& ¥% 9 polishing? 3%
cleaning ¥4 A] wafer backsided] LG8 F&£o|
Y polishing H& Edd FAld =& HE= E9 ¢
el L9 trace 34 AR Agdoz 437}
715 % chemical AH&¢] Y43 o)t}

4. " B

AZ7A CMP 34 F wafer 89 particleo]
FAslE 993 particle §23H& A4 3 e F4
23 9 wafero] ¥3€ particle® wafer?} dry 3
71 A AA st Pl diste 49 29t CMP
T o)t He3l =& Patternd 4olAE Y3to 7]



Z9| Bzt FAe F7F HAXAY 7]# pattern-
ing 34 WAZ AL He FHLE o)y CMP &

< in-line processZ AMg ¥ 734 foq A7
HE3l A9 FHLE 4& = AT ez 9
o AEd CMP FAHL2HE of7|H= defect &
AE GFHoz FutelA 9ot ol CMP FA
< 4 wetting AellA FAo] Ay sio, oln
B particle2 wafer’t dry @ ZA$%= AA &
T g 247 #4582 E polishing 3¢ A3
H ¥ in-situ FHLZ cleaning FX o] o]
particlec] €43 AA | ¥ dry A2 ¥4 34
22 wafer processinge] X8 HojAo} g}, F
CMP &% ©)¥ polishing ¥4 # cleaning 3%
o] integration o} @3l §A &1 Sdx CMP
T4 g8 ¥ CMP 33X¢| 33 7| A cleanness
& AR A0 A 5 ojokyt g},
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