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310 """ 29 March 2004 618 START Provide a wafer having a deposited
copper | ayer over oxide etched features. Subject the wafer to a chemi cal
mechani cal polishing operation to renove and pl anarize a top |ayer of the
deposi ted copper layer.Introduce the wafer into a cleaning system Apply an
i nproved cl eaning chemcal (I1CC) to the surfaces of the wafer to transform
a top layer of copper into a water solﬁﬁie form R nse the wafer to renove

t he water sol uble copper fromthe wafe nd the cl eaning system Store

cl eaned wafer and repeat process for any additional wafers. FIG 4A DONE i
402 404 406 408 410 412 29 March 2004 7/8 START Provide a wafer having a
deposited copper |ayer over oxide etched features. Subject the wafer to a
chem cal mechani cal polishing operation to renove and planarize a top |ayer
of the deposited copper layer.Introduce the wafer into a first brush

box. Apply an inproved cleaning chemcal (I1CC) to the wafer using brushes of
the first brush box to controllably transform copper material into a water
soluble form Transition the wafer fromthe first brush box to a second
brush box.
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Apply a second ICC to the wafer using the brushes of the secoggrgéu§?3@€x
to clean the brushes of copper. Rinse the wafer with deioni zed” (‘R r

usi ng brushes of the second brush box to renove the second | CC fromthe

waf er and the brushes. Transition the wafer out of the second brush box to a
spin, rinse, and dry (SRD) station.Store wafer in output station. FIG 4B
DONE 502 54 506 508 510 512 514 516 518 29 March 2004 8/ 8 START Provide
a wafer having a deposited copper |ayer over oxide etched features. Subject
the wafer to a chenical nmechanical pol3%hing operation to renove and

pl anarize a top layer of the deposited copper |ayer.Introduce the wafer
into a first brush box. Apply an oxi de et.ching chem cal cleaner to the

waf er. Apply deionized (DI) water to substantially renove the oxide etching
chem cal cleaner fromthe wafer. Transition the wafer fromthe first brush
box to a second brush box. Apply an i nproved cl eaning chemcal (I1CC) to the
waf er using brushes of the second brush box to controllably transform
copper material into a water soluble formRi nse the wafer with dei oni zed
(DI') water using brushes of the second brush box to renmove the I1CC fromthe
waf er and the brushes. Transition the wafer cut of the second brush box to a
spin, rinse, and dry (SRD} station. Store wafq&zin out put station.- 602 604
606 608 610 612 614 616 618 620 %

rd

120

1
101 110

/

102

FIG. 1C
(prior art)



FIG ~J DONE / N\#/ NT#/ N'/ NC / N6/ N\ / N$-\/ N- #T( : - x45 C x x(
E?a????2?2?2?7>??2?2~>?22?27>>x>| | <| ~XxX<<<| <<xXXX88<<88xxXpppppp’ p7x7§§§%ﬂ¥h%gQ&xxx
8888888<88p8x| 8787xX?<<<<<<<<LLLLLLLLLLLLLLLLLL LK) O
TX.<| | ?] ~><8X]| x~?~?~X?| Xx>>8<Xp| p<XXX| X>X?X<8XB?<~<?<| <><<SX| >| ~~?<<X| >| ~p?<
~?>~| >?| >>p| x>>X| x>p8<8?<?~| ?>| >| ?<8<| | ??p~~p?Xp~ppx?xp8Xp8<p| ~<>p>?~~p>ppp
PPl p~>p?p?Xp~p?<p<pXp| | Xp>>ppppppp~xp?| | p?p>p<p<pxpxp>~p?| p>p8<8| ~8<8>| <?<8
888| >8~| <<?><<x8<<<| <>>8x8<88888| <<<<<| <<>8<p<p<<<| 8>8x8| 8>8<<><<” | F<?D<~!
<? 8<sxx?68x$~?
>X>XXIXp8>I<>I>III>>>’?>?I~?<XI<<I>~III%S»II>~’?~I>I>~>XIII>~~I’?~IIXID>~>D<>
?2~p<?p<>~X8>?2XX@| Xp>xp| | 8<| >87>~8| <>8>| 8~><?<<<<| | X<>~>| <>>| ~<?<| | >?| | ?>]
>|>9|<><||8><x|x9p|>|>|~9x><\>|9| p>>9> ~9|99
2>22728e<?</ 8<8x ’><a<<>‘8<'<2@:<'<2<'5§08 %qP215' Ggo - TTTTTTT
PP( P ’?’?’?>| ’?’?’?’?@’?’?’?>| ’?’? ??~ | >’?>| XX| <KX PX <X <BBIX <X <X X
>xxx8|8|<8<<88<8p8<8pQ<<8pp><8pp<xpp<x0p<x0p<8xp<8xp<8pp<8pp<xpx<px< 8<<c~<
X <B<<LLLILLLLILLLILLLILLLg<<<<<<888888888888888x x x X ppp?x P
X?| XSBXX~X>XXXX| XSXXXGXXXEXXXXXXSXXP| XSXXXX>PX x>x|x>xx8x>x||x>x(x>xxxxx>|
| > Xx>~>y| x| X<xpXxp<xpxp>@Ep| X| >xXx>x8 :
<IXXPXBXX| 8| SX>XXX~XXXT~XAN? SXX 22X 22>X7~ ?2x8x<| x> Xyl >X xxx|xx|>xx<x8x<
| X<~X8B<X~XBX>XXX>X?<EX| X|*XX| XpX>Xp| Xp>p| X<>| XpK p>8pxp| XP>XPXX|
x?p|xp>xpxp|xp8<px~xpx?xpxp|x>xp§£|x|>x>pxpxpxp|x >X8P?X8PXXPXPPX
| X~p>X?pXp| XPXPXPXPXP| XP<X xxp< <P ?X<PHEPEEPE PP 8pp9&§px7 x|8x>8x8x8x8x8x
p>8pxp xp°8p8p8p8p8pp|8p@b >8p>Bh?8x A2<x/ 2@ ?<x ?P"
T?2w?? :-qh45 C
qhqh(hq’>’>’>’> 7$?????7777>|77.> ~|>x7<|||>><|px<<><3xp§Qx<<<< <88xxppp7888<<p
8x8p<x8p<88x<80x<8xx<8p8<8x <8p8<8x8<8x<<80<x8<x8k ?<<<<LKKLILKLLLLLLKL
<<<<<cc<<c<<<<<<<<SEcd << <<ip|<><8xx|>~9x~9|>9<x|<|> ~>>| | >>?pp| <| | >~?>
| x<~??| ?| | >p~>pppppxX>ApX| 88X| <x>Yx?8~8p8087?| 8| ><><<?| ><| ?>?2?2?7x @ K| | <>><| | <
>| | >>p?px8<| 88x>| x<x<R| ?2<>>| | <<<q| XX>X<>| >~?| >| ><| x>X>| >| | ><px<x~8>?8pp~| ?|
>>p| p| ?p~><p<p8pxpx| >pPpp| p>p~p?pHx| xb| >x??xx X ] @?8x8??<?<>?| CB| | ?7|
??>~>???( <?><<?X?~ G>>b||}x8x><8x||88?<8|<<<x><>|||x~<|x|'?x8<>x>x8|<8y??||>
||>~x9|x><ppxx>8x|8|>|X8<>|°<8<</<<8<<8898>x|>x><|x>|<<p>< p?p?ppk~| 8] >8| 8>
?2x?| p><p<<p>px<0>| ~?p>p?8EBE>PI=P2ABPA<<xX>| | >X| p?>p?x?2228><>~| | ~2%{ 77| ~>x??
<| px~X?| Xx~??p>xp~ >px|L<p%§xpx7qxx77<xfx7x~x||~x>>|xxpx8x7x|7xy8<x88|x8x><p8
2pPP8PP<PX <KX SX XX <B<X X <EY| <<~y <?2<?2>H4?2~?| <| >| ?2>?>><>~ <<||xxx8p|< | <<?>><<|
<~ 8X<><x<p9<|p<>|p>p<?8|p X| <88<8<p48<p<88<| | 88~7?~ 8<°8|||~p>°<75>p8>8x<<p
88< p>px>~<|‘ ~ #x8s~ ?x9 6 7%i|x< =&5\45 C
V(! >xx<<<888878 >?0~~?<?4<| > :
~>?x9<x<8x8x888<8<<<<?98898/888989px0<8<88?88?88>88|88<88<8<xx?|?????<<8<<>
~0" 8p~p80p_ @pp8ppppppppPO=>3pmip  p 0" qpOpp<pxppppppp0?G@) ??0p???2p? p° " p??
?2p° p@B5I xJ* ?2??7<<8xxXx88<8<B<4<<<><x??22Y<<BB<B<<<<<<<<<<<Bx3s0cp???8p<8p8pp" |
<x| | ?7g08H?u088p08888883888888883#388888888888888888888888888888888888888888
8888888888888888888888<88888888848888888888888888888888888888888<x<88888888
<<888<<<<8888888<<<<<¢ << LLLLLLLLLLLLLLLLLLL L2 ~>><<X @ gDy p?ppxxxpp
XXPXXXXXXPPXXXXXXPPPXXXXFPRXXX XXX YX 3EB88x88888<x8xEXE <t XEIXK LR <BE<G<<~X<<?X
>8XXXXXXXXXx8888887?788<8<?8<8888888px ?X?XXPOXXXXXX?X?0?88p8<8888x8<8xxx<x| <p
<BO>X?XXXBX<XXX88X?8?X<| ¥BX<XBX HYXX <SXX KKKXBLKIX KKK <KL X>>X PXXXXXXX>8X88{ 8>
px8<p| 8<p< 88p<" ~0088p<afPps —Ip<
<p88>px88>87878088888p8x>8\§8<<XX<Xx<xx<x<<x<8x>8x<x?x?x?8?8x~x8xx?x?x?x8|8
<?XLX<KX<XBXBXBXPOX?PX~ X ?2X 2XHXXXB?8BXPRYX>pXX<pPB8XBp8XBX<>XBXXBpx8p?XBp<x<p<8
px88888p88xx8878887808>px8?0x87px 88&8<8>8?888{xxx8@§888x|88<x8<x88x<0x‘x8
88888<88888~8888| 88888x<xx8n8xxEB&B?84888X@88808?p< 7r B???@® S45 C
SS(S??7????2?2U@ ( ?t <88<8<87?| 848x8&B x8}x8x8x8>x8<x8<x§5x8<x8>x8<88>88x8>x8>x
8| 888x8<x8x<x8x8x8x8x8| 8x8<x8<x8< x8x8>x<x<x<x8x8x<§;|8x8x<x8x8x8<x<<x<<x8
<X 8| 8<x8x8x8x<x| X8Xx8X| | BXBXGXBXB<| BXXIXX XX XX <XX<| | TRX| <XBIX <KX BIXXXX<X<<X8
X8x8x<x8x8x<x8x8xx| x| 8x8x8x8g| x| 8] 8x8xBx8x<x<x<x8x<x| | | | | | x| x<| 8xx| xx8| 8] 8x8
| 8] 8x8x8x8x8| 8x8x8x8xBxBXGXxBXBXXXXXXX8X8xXx8| 8x8x8x8| 8| 8x<x<x8x8x8x8x8| 8| 8|
8<8<8<8| 8>| 8>| <| | >| | | XXX>XBXX>XX>| X>SXBSXXSXXXXXX>X?8>| <> EXBXXXXXXXXXE>XX>X
8>| x>| x>| x>| x>| x| 8] 8] 8X8X8XBXBXBXBXXXX| X>XXXBXXXBXBXBX~XX??X?X]| | >?| XO|] XXXXX
X8?2I X<?XX2XBYXBXXBXWXXXXXXX| XX| XXXXXXXXXX| XXXXXXXXXXX]| BXXBXXXXXXXXXXX| XX]| XX
XXX BXX XXX XXXXXXXXX| XBXXXXXXXXXXXE| X[ XXXXX] | | | XXXXXXXXXXX]| | | | XXXXXXXXXXXXX]
XXX XXX XX XXX BXXBXXBXXXX]| XX| XXXXXXXXXXXXXXXXXXXX| XX| XX| XXXXXXXXXXXXXXXXXXXX48
XX98xX
XXXy B88x8x8xpngxxx?wx8x8?x8x88xxx8x8x~7d! 8x} " 8xx8xs8x0z~x1xxx8x8x8x?8x?8x8?
8x08x18x78x7G8x7x88x388x0 x8?80 8x>?8F_8x7?x

e emm e T e e e o e om e gm v o oo o o

1




10 10 10- 109%& ()-!y)(10%& ()-

v10% & ()-v10% & ()-<% 10% & ()-/=AVX abc PB4 10 10 10!+, 10%&%March2004

109BVB& ()-' ! c( L0IMBVBE () - | 109 () - $1094& () - cquyaE: / 10t

10t 10% & ()-i*10% & ()-2Z! (109%& () -

10% & () -, 10% & ()-$10% & ()-rP./! CLO%& ()-!CL0% " & ()-!

CLO%& ()-!CLO%& ()-, 109%& ()-$10%& ()- 10t' 1>}[9./!C CLO%& ()-! CLO%& () -

CL0%&: () - CLOY%& ()- CLO%& ()-!HCLO%&' ()->LTZ\T~ nvk Al C! s$10%& ()- 10 10

10=109%&' ()- & s109%& ()-!1C) 10%t& ()-} 5/8

HCLO%&' () - mg} A2k Al € 6/ 109%& ()-!" F( CLOY%&' () - @10%& ()-=$ 109%& ()-!

010% ()- 10%& ()-dVH ! C 1011 1011 1011-S10%1& ()- !9s10% 1& ()-<

109%; () - <109%&' ()-=s$1109%& ()-}[>VH ' C 420

110941& ()-S! 10941& ()-S' 109%41& ()-S' ! 109%41& ()-110% & ()-

% 109 & ()-at R5: | 109%61& ()-S! 10041&' ();rg! 10%1&' () - S1096.1&'4 - SLO%L1& () - St

WP 1 110941& () - S! 10941& () - S109%1& () >ST09a1& () -G ~i L4: 1 109418 () - S! 10941

& ()-S1!' 10941& ()-S 10941& () - S10%A1& ﬁ) -S"_“aiL4:) 10%41& ()- Sl 10%1& ()-S1

1 10941& ()-S 109418 sipoare) - 80800418 ()- S
>

1094.18&' () - S109%41& SR % 0% & () -
012 @Jvu4! OH&' () -

110041 ' ()
E A ra- = n e aun uy

nf) - S10% "() - SRE
b Siovtag 0, St

0o

I 58 '(y- 10" 1g7 10" \

\ &@LO% & ()- #/.9

i1 1008 & () 1 % & ()-JoS; 4!
) - gdsnd109%& |() - asndl 0%&: () - gsfaee8e@] ()-g 1" 0S; 4!
-6 D) - gsodl 09&' () - gsHELO%& () - g" NOPQRSS| ; 4!
109 ()-gsmdy0%& () - gdsnmdP9%&' () - gsnd10%&' () - gosS; 4!
109%&. () - gd&srd10%& () - gsno 09&' () - gsfrd109&] () - g>? @CqP04! $

| PW10%ap! a&' () -
d- snd10%&' () - gsn
d-snd10%&' ()-gs
snmd10%&' () - gds
dsnmd10%& () - gs
, k109%! & () - 9
"10%7! & () - #snmd]0%&' () - gsnd1u&®’ () - gdsnd109& () - gsndflO%& ()-g6 7 8 9 : ;
s[;4!'$$ , k10%!}§ ()- k$ ,klgﬁ%ﬂ! & ()- 9% ,Kfow! & ()-|k$ , k109! & ()- $

, k10%7! & () -

123
w

=

Cao.

FIG. 3A

320

300

308

(4
\

.

=
oo4a 204b 304 310 08

FIG. 3B



S[; 4183 , k10991 & ()- k$ , k109! & ()- g% , k109! & ()- k$ , k109! & ()-
,ﬁgﬁgiggg: 3 klowﬁz{?; &kgloggog/i?l(é—(@)? &@OW!(Z&'()-\Eélé’r!ﬁd%h@gm
f‘J’%?W!&o()T# $ ' &109G1 & ()-, & 109! & ()- &$10W!!&'[(§fl# %fg%?og!(f‘-% &
Lvis! 109 & ()-u0 X<PWL0% & () -C $) wi0%! e& () - $$#10%! e& ()- 107! 107 107!
097! & ()- @VWKYZ[S[:5! 10%& ()-u0 10% & ()-u0& 10% & ()-u0

6/8

C START )
L 402

Provide a wafer having a deposited copper layer over oxide etched |
features.

A

: 404
Subject the wafer to a chemical mechanical polishing operationto |

remove and planarize a top layer of the deposited copper layer.

. 406
introduce the wafer into a cleaning system.

h

408
Apply an improved cleaning chemical (ICC) to the surfaces of the |~

wafer to transform a top layer of copper into a water soluble form.

410
Rinse the wafer to remove the water soluble copper from the wafer |~

and the cleaning system.

Y

412
Store cleaned wafer and repeat process for any additional wafers.

FIG. 4A ( DONE )
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()-u0
uo

502

Provide a wafer having a deposited copper layer over oxide etched
: features.

h 4

504

Subject the wafer to a chemical mechanical polishing operation to
remove and planarize a top layer of the deposited copper layer.

b, 4

5086

Introduce the wafer into a first brush box.

A 4

508

Apply an improved cleaning bhemical (ICC) to the wafer using
brushes of the first brush box to controllably transform copper materia
into a water soluble form.

h

510

Transition the wafer from the first brush box to a second brush box.

X

512

Apply a second ICC to the wafer using the brushes of the second
brush box to clean the brushes of copper.

X

514

Rinse the wafer with deionized (DI) water using brushes of the second
brush box to remove the second ICC from the wafer and the brushes.

h 4

516

Transition the wafer out of the second brush box to a spin, rinse, and
dry (SRD) station,

A

518

Store wafer in output station.

FIG. 4B DONE




-XX<B!  10% & ()-u0 10% & ()-u0 10% & ()-u0 10% & () -

109 & () - u0- ./ O1xxX<5! 109 & ()-u0 %ocy; Z&' ()-u0 %ocy; Z&' ‘(’? uo 2gMarch Y90
109 & () - u0x\ D6! 10% & ()-u0 10% & ()-u0 10% & ()-u0 10% & ()- uOcBDS!
&P\109% & ()- & Y109 & ()- & yI0W& ()-° &Y 10 & ()-# 10% & ()-u0

10% & ()-u0| [ D5l k& 7T#10%W & ()- & Kig2#10%B & ()- & S& @ON & ()- &

28) (@LO% & ()-& &B6#\ 10% & ()-' &Q 100%& ()-|[:D5! k& 7#10% & ()-&

K& 2#10%8 & ()-& S& @O0% & () - &f‘&‘)—W &6#\ 1098 & Y
n n H n n H - & - ’ 10(y&' )
N&;gg: g Egiadl ngHéBLp geadl ng 23]cC adi ng/33]c" " Heaéli) ng 43]c" 0
Cll n a I n 3 Cll n lﬁdl n . 73 n n H n n H n
"Default Paragraph l:nn'rg h’\]1 LD+ g" . %_g = GHeT?ﬁ:::gNS\?v] %omnHe;\??lirﬁgﬂﬁ?ﬂ grA

New'h Root Ent b ‘ R N AT

s Rited Chppef RY8B4PE7®Ade etched |
RS () e, 1] meﬁﬁ%m? ghi | kI mopar st uvwxyz{ [}~
ffgé%ﬁﬁfgmgy‘ku[ T a&cdef ghij KT mopqr st uvwxyz{|} ~
A : — — 604
el o KRR b dmicaf Rl RbAEal BbisRRRAbpérattoral )
<=>>@BCDEFGH J FEMRYPERS FIRRAGES[] JoP laypr gLl dengsited sopperlaxer (1l -

——

606

Introduce the wafer into a first brush box. 4
: 608

Apply an oxide etching chemical cleaner to the wafer. /
610

Apply deionized (Di) water to substantially remove the oxide etching /
chemical cleaner from the wafer.

612

e

Transition the wafer from the first brush box to a second brush box.

h
Apply an improved cleaning chemical (ICC) to the wafer using /614

brushes of the second brush box to controllably transform copper
material into a water soluble form.

¢ 616

Rinse the wafer with deionized (D1) water using brushes of the second Ve
brush box to remove the ICC from the wafer and the brushes.

. 618

Transition the wafer out of the second brush box to a spin, rinse, and e
dry (SRD) station.

620

_

Store wafer in output station.
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