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CHEMICAL-MECHANICAL POLISHING. 

PART II. MODEL OF LOCAL INTERACTIONS 

On the base of the analytical review of the current state of the theory and problems of Chemical – 

mechanical polishing (CMP) modeling some approaches were suggested to the problem accounting for 

the complex of the phenomena of different scales determining the polishing rate such as diffusion of 

slurry into the surface layer and restriction of time of chemical treatment of the surface by a rough pad 

being under the action of a mechanical load. A model of the CMP process was developed. Within the 

framework of this model a dependence of the polishing rate on the loading parameters was derived. The 

dependence generalizes the empirical Preston law. 

Keywords: chemical-mechanical polishing, abrasive, liquid, planarization, model. 
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#$%$&'-%()*+$,(-&'( .'/$0'1*+$( (#23) – 4$0'&' 0*-.0'-50*-

+(++*6 5()+'/'7$6 1 .0'$81'9-51( :/(%(+5'1 .0$;'0'1 $ <-50'=-51 %$&-

0'- $ +*+':/(&50'+$&$. > 0*;'5( +* '-+'1( ';8'0* -'10(%(++'7' -'-5'6-

+$6 .0';/(%? [1] .0(9-5*1/(+? +(&'5'0?( +'1?( .'9)'9? & .'-50'(-

+$@ %'9(/$ .0'A(--'1 .'/$0'1*+$6, ,*-5$,+' '50*B(++?( 1 [2]. 

> %'9(/$ <,5(+' 1/$6+$( &'%./(&-* 61/(+$= 0*8/$,+'7' %*-45*;*,  



 

 44

'.0(9(/6@C$) 1 -'1'&<.+'-5$ -&'0'-5D .0'A(--* .'/$0'1*+$6, 5*&$) 

&*& 9$EE<8$6 *&5$1+'= 0*;',(= B$9&'-5$ 1 .'1(0)+'-5+?= -/'=, '7-

0*+$,(+$( :&-.'8$A$$ )$%$,(-&'= ';0*;'5&$ 4(0')'1*5'-5D@ .'/$-

0'1*/D+$&*. F5' .0$1(/' & ';';C(+$@ 8*&'+* .'/$0'1*+$6 $ .'81'/$-

/' 1?61$5D '-+'1+?( .*0*%(50?, 1/$6@C$( +* (7' -&'0'-5D. 

1. &'#"(%)'!*$%" +)',"--* .%/%0'-/".*$%1"-0'2' +'(%)'!*$%3 

!/6 $+5(0.0(5*A$$ 0(8</D5*5'1 )$%$&'-%()*+$,(-&'7' .'/$0'-

1*+$6 (#23) -&'0'-5D <9*/(+$6 %*5(0$*/* d dh t  ';?,+' 'A(+$1*@5 

$8 <0*1+(+$6 (<0*1+(+$( 30(-5'+* [3]) 

 
d d

d d
 

h N s
K

t A t
 (1) 

79( h – 5'/C$+* ';0*;*5?1*(%'= ./*-5$+?, N – -$/* .0$B*5$6 .'/$-

0'1*/D+$&* & ';0*;*5?1*(%'= ./*-5$+(, A – ./'C*9D 0*;',(= .'1(0)-

+'-5$ .'/$0'1*/D+$&*, N/A = p – +'0%*/D+'( 9*1/(+$( +* ';0*;*5?-

1*(%<@ .'1(0)+'-5D, d ds t  – -&'0'-5D '5+'-$5(/D+'7' 91$B(+$6 $+-5-

0<%(+5* $ 9(5*/$, K – .'-5'6++*6 30(-5'+*. > -/<,*( <.0<7'7' &'+5*&5* 

%(B9< /'&*/D+?% $+9(+5'0'% (,*-5$A(= *;0*8$1*) $ ./'-&'= ';0*;*5?-

1*(%'= .'1(0)+'-5D@ (8*9*,* G(0A*) .'-5'6++*6 K = (2 )
–1

 [4]. 

2'9(/D 30(-5'+*, 1 -<C+'-5$, '5+'-$5-6 & *;0*8$1+'%< $8+'-< 

';0*;*5?1*(%'= .'1(0)+'-5$ $ +( <,$5?1*(5 1 61+'% 1$9( .0$-<5-5-

1$( B$9&'-5$ $ 90<7$( '-';(++'-5$ 5()+'/'7$$ #23. 

H(*/D+?( .0'A(--? .'/$0'1*+$6 - 1?-'&'= ,$-5'5'= .'1(0)+'-5$ 

9(%'+-50$0<@5 18*$%'-168D - 90<7$%$ )*0*&5(0$-5$&*%$ -$-5(%?, B(-5-

&'-5D@ .'/$0'1*/D+$&*, 0*8%(0'% ,*-5$A *;0*8$1* $ 90. F5$% 1'.0'-*% 

.'-16C(+? %+'7',$-/(++?( 0*;'5?, ';8'0 &'5'0?) %'B+' +*=5$ 1 [1, 4, 

5–7]. 3'&*B(% 1/$6+$( +* -&'0'-5D .'/$0'1*+$6 +(&'5'0'= -'1'&<.+'-5$ 

.*0*%(50'1 E$8$,(-&'= $ %()*+$,(-&'= .0$0'9?, ,5' .'81'/6(5 0*-4$-

0$5D 9$*.*8'+ %'9(/D+?) .0(9-5*1/(+$= 5()+'/'7$$ #23. 

2. &".*$%1"-0%" *-+"045 !6*%/'#"7-4!%3 

3'/$0'1*+$( 1 ';-5*+'1&( )$%$,(-&'7' 1'89(=-51$6 .0'$-)'9$5 

.<5(% <9*/(+$6 - .'1(0)+'-5$ 9(5*/$ 5'+&'7' -/'6 1(C(-51*, $%(@C(-

7' %(+D4<@ .0',+'-5D, ,(% +(.'10(B9(++?= -/'=. I*&$% 1(C(-51'% 

%'7<5 ;?5D .0'9<&5? 0(*&A$$ $/$ $-)'9+?= %*5(0$*/, $-.?5*14$= 

9$EE<8$'++'( 1'89(=-51$( &'%.'+(+5'1 0*;',(= B$9&'-5$. 30'A(-- 
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<9*/(+$6 -16B(% - /'&*/D+?% &'+5*&5'% *;0*8$1* $ ';0*;*5?1*(%'= 

.'1(0)+'-5$. J5+'-$5(/D+'( &'/$,(-51' *;0*8$1+?) ,*-5$A, +*)'96-

C$)-6 1 -$/'1'% &'+5*&5( - 9(5*/D@, 'A(+$1*(5-6 &*& 

 ! "2/3~ ,n b n#  (2) 

79( n – ./'5+'-5D *;0*8$1+?) ,*-5$A 1 0*;',(= B$9&'-5$, b<<1 – &'-

:EE$A$(+5. 

K-/$ 0*8%(0 $+9$1$9<*/D+'7' .65+* &'+5*&5* ,*-5$A? *;0*8$1* - 

.'1(0)+'-5D@ 9(5*/$ -''51(5-51<(5 %'9(/$ <.0<7'7' &'+5*&5* (%'9(/D 

G(0A* [8]) 

 

1/3
3

2 ,
4

ip r
a

E

#
#

$ % & '
( )

 (3) 

79( ip  – <-$/$(, .0$)'96C((-6 +* '9+< ,*-5$A<, r – 0*9$<- :EE(&5$1-

+'= -E(0$,(-&'= *;0*8$1+'= ,*-5$A?, E
*
 – :&1$1*/(+5+?= %'9</D <.-

0<7'-5$, '.0(9(/6(%?= -''5+'4(+$(% 

 
2 2
1 2

1 2

1 11
,

E EE#

* + *+
 ,  (4) 

79(, 1 -1'@ ',(0(9D, E1, +1 $ E2, +2 – %'9</$ <.0<7'-5$ $ &':EE$A$(+5? 

3<*--'+* 9(5*/$ $ *;0*8$1+'= ,*-5$A? -''51(5-51(++', 5' 1(/$,$+* 

'5+'-$5(/D+'= ./'C*9$ &'+5*&5*, .0$)'96C(=-6 +* '9+< *&5$1+<@ 

,*-5$A<, 

 

2

~ ,iS a
n

S r

#
# $ %$ %
& '& ' & '( ) ( )

 (5) 

79( S – ./'C*9D ';0*;*5?1*(%'= .'1(0)+'-5$, Si – -0(9+66 ./'C*9D 

(9$+$,+'7' &'+5*&5*. 

H*--5'6+$( 9' -/(9<@C(= ';/*-5$ /'&*/D+'7' &'+5*&5* $ $+5(0-

1*/ 10(%(+$ 9' &'+5*&5* +* 5'= B( ./'C*9&( 'A(+$1*@5-6 -''51(5-5-

1(++' -''5+'4(+$6%$ 

 ~ 2 ,
i

S
L a

S

#$ %
& '
( )

  ~ ,
L

v

#-  (6) 

79( v = ds/dt – -&'0'-5D '5+'-$5(/D+'7' 91$B(+$6 $+-50<%(+5* $ 9(5*/$. 
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H*8%(0 !* 8*1$-$5 '5 ./'5+'-5$ *;0*8$1+?) ,*-5$A ,(0(8 <9(/D-

+<@ +*70<8&< +* '9+< *&5$1+<@ ,*-5$A<. JA(+$% :5< +*70<8&<, $--

.'/D8<6 (3): 

 
2 2

2 2/3
~ ,i

Nr r
p

R n bn#

./
  

2
,/ 0

.

N

R
 (7) 

79( N – <-$/$( .0$B*5$6 .'/$0'1*/D+$&* $ 9(5*/$, / – -0(9+(( 9*1/(-

+$( +* .'/$0'1*/D+$&, R – 0*9$<- ';/*-5$ .0$B*5$6. 

J5-@9* - 5',+'-5D@ 9' .'-5'6++'= .'069&* (9$+$A? 

 

1/3 1/3

2/3

3
2 ~ ;

4

ip r
a mr

E E bn

#
# #

/$ % $ % & '& '
( )( )

 ~ 2,7.m  (8) 

L''51(5-51(++', 

 
1/3

4/9 1/3
~ ~ .

L rE

v n v

#
#-

/
 (9) 

M8 (9) -/(9<(5, 1 ,*-5+'-5$, )*0*&5(0 $8%(+(+$6 -&'0'-5$ .'/$-

0'1*+$6 .0$ 1*0$*A$$ &'+A(+50*A$$ ,*-5$A *;0*8$1*: .0$ (( 1'80*-5*-

+$$ <%(+D4*(5-6 $+5(01*/ 10(%(+$ 9' .'15'0+'7' 1'89(=-51$6 *;0*-

8$1* +* '9$+ $ 5'5 B( <,*-5'&. 

3. 899"04 .%/%1"-0'2' !'6#"7-4!%3 

JA(+$% 1 ';';C(++'% 1$9( :EE(&5 )$%$,(-&'7' 1'89(=-51$6. 

N<9(% -,$5*5D 1 *-$%.5'5$,(-&'% .0$;/$B(+$$, ,5' )*0*&5(0+?( 10(-

%(+* 0(*&A$=, .0$1'96C$) & +(';)'9$%'%< '-/*;/(+$@ .0',+'-5$ 

.'1(0)+'-5+?) -/'(1, %*/?, 5*& ,5' :EE(&5 -+$B(+$6 .0',+'-5$ A(-

/$&'% '.0(9(/6(5-6 .0'A(--'% 9$EE<8$$ *&5$1+'7' &'%.'+(+5* 0*;'-

,(= B$9&'-5$ 1 ';0*;*5?1*(%?= %*5(0$*/. 

N<9(% .0(9-5*1/65D 91$B(+$( :5'7' &'%.'+(+5* 0*;',(= B$9&'-

-5$ 1 ';0*;*5?1*(%?= %*5(0$*/ 1 E'0%( /$+(=+'= 9$EE<8$$ .0$ '5-

+'-$5(/D+' %*/'= &'+A(+50*A$$ 9$EE<+9$0<@C(7' 1(C(-51* 1 0*-51'0(. 

> :5'% -/<,*( %'B+' -,$5*5D, ,5' &':EE$A$(+5 9$EE<8$$ D +( 8*1$-$5 

'5 &'+A(+50*A$$ 1(C(-51* ". 30'A(-- .'9,$+6(5-6 8*&'+< O$&* 

 
2

2
.

c c
D

x

1 1
 

1- 1
 (10) 
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!$EE<8$6 .0'$-)'9$5 - .'1(0)+'-5$ (# = 0) 1 ';0*;*5?1*(%?= 

%*5(0$*/ (+*.0$%(0, 9/6 <,*-5$6 1 7(5(0'7(++'= )$%$,(-&'= 0(*&A$$). 

>+( .0$.'1(0)+'-5+'7' -/'6 -')0*+6(5-6 $-)'9+*6 &'+A(+50*A$6 "0. 

H(4(+$( <0*1+(+$6 (10) .0$ P > 0 $%((5 1$9 

 ! " ! "0, 2 .x c x D2 3/ -  -4 5  (11) 

G0*9$(+5 &'+A(+50*A$$ +* 0*--5'6+$$ # '5 70*+$A? 

 

2

4( , ) .

x

o D
cc

x e
x D

*
-1

-  
1 . -

 (12) 

Q* 70*+$A( ';0*;*5?1*(%'= .'1(0)+'-5$ 

 (0, ) .occ

x D

1
-  

1 . -
 (13) 

F5' -''5+'4(+$( %'B(5 ;?5D $-.'/D8'1*+', (-/$ 5'/C$+* 9$EE<-

8$'++'7' -/'6 6D, 79( 8*%(5+? 1*0$*A$$ &'+A(+50*A$$, -<C(-51(++' 

%(+D4( 5'/C$+? -/'6 *&5$1+'= B$9&'-5$. >(/$,$+* 6D 'A(+$1*(5-6 -/(-

9<@C$% ';0*8'%: 

 .D D6  . -  (14) 

30$%(% .0'-5'( 9'.<C(+$(, ,5' .'5'& *&5$1+'7' 1(C(-51* ,(0(8 

.'1(0)+'-5D 0*89(/* (';0*;*5?1*(%<@ .'1(0)+'-5D) .0'.'0A$'+*/(+ 

70*9$(+5< &'+A(+50*A$$ +* :5'= .'1(0)+'-5$. > -1'@ ',(0(9D, ;<9(% 

-,$5*5D, ,5' -&'0'-5D 0'-5* 5'/C$+? ';0*;'5*++'7' -/'6 ,h1 1 -  .' 

&0*=+(= %(0(, 9/6 5'/C$+, ;/$8&$) & %'+'%'/(&</60+?%, .0'.'0A$'-

+*/D+* 1(/$,$+( .'5'&* *&5$1+'7' 1(C(-51*. 3':5'%<, $-.'/D8<6 (13), 

%'B+' 8*.$-*5D: 

 ! " 0~ 0, .
ch c

x D

1 1
-  

1- 1 . -
 (15) 

2*&-$%*/D+' 1'8%'B+*6 -&'0'-5D .'/$0'1*+$6 1 .0'A(--( #23 

',(1$9+' .0$168*+* & -&'0'-5$ )$%$,(-&'= ';0*;'5&$ .'1(0)+'-5$. 

L,$5*6 .0'A(-- &1*8$-5*A$'+*0+?%, %*&-$%*/D+<@ -&'0'-5D .'/$0'-

1*+$6 .0$%(% ;/$8&'= & -&'0'-5$ +*0*-5*+$6 ';0*;'5*++'7' -/'6: 

 0~ .r

ch
V

D

1
0
1- . -

 (16) 
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R9(-D 1 &*,(-51( )*0*&5(0+'7' 10(%(+$ P = P* 1?-5<.*(5 -0(9+$= 

$+5(01*/ 10(%(+$ %(B9< 91<%6 :.$8'9*%$ &'+5*&5* ,*-5$A *;0*8$1* - 

';0*;*5?1*(%'= .'1(0)+'-5D@ +* '9+'= $ 5'= B( ./'C*9&(. 

J&'+,*5(/D+' $8 (9) $ (16) .'/<,$% - 5',+'-5D@ 9' .'-5'6++'= 

 
! "

1/62/9 1/2
0

1/2 *
~ .r

c n v
V

EDr

/$ %
& '
( )

 (17) 

3'/<,(++'( -''5+'4(+$( 8+*,$5(/D+' '5/$,*(5-6 '5 <0*1+(+$6 

30(-5'+* (1). J+' 9*(5 1'8%'B+'-5D $+*,( 'A(+$5D 1&/*9 &'+&0(5+?) 

%()*+$8%'1 18*$%'9(=-51$6 1 0*--%*50$1*(%'= -$-5(%(. 

4.  6*%/'-!36: -0')'-4% +'(%)'!*$%3 % #*!("$%3 

H*--%'50$% 1/$6+$( '9+'7' .*0*%(50* – 9*1/(+$6 -' -5'0'+? 

.'/$0'1*/D+$&* – +* -&'0'-5D .'/$0'1*+$6 1 0*%&*) '.$-*++'= -)(%*-

5$,(-&'= %'9(/$ .'/$0'1*+$6 1 91<) *-.(&5*) -168$ - /'&*/D+'= 7('-

%(50$(= 1 ';/*-5$ +(.'-0(9-51(++'7' &'+5*&5* %(B9< 9(=-51<@C$%$ 

';S(&5*%$. 

1. 30$ $-.'/D8'1*+$$ %67&'7' 4(0')'1*5'7' .'/$0'1*/D+$&* 

.0'A(--? *&5$1+'7' 18*$%'9(=-51$6 %(B9< *;0*8$1'% $ .'/$0<(%'= 

./*-5$+'= -'-0(9'5',(+? 1 '-+'1+'% +* 1?-5<.*) '59(/D+?) 4(0')'-

1*5'-5(= (0$-. 1). !'-5<. )$%$,(-&$) 0(*7(+5'1 & ';0*;*5?1*(%'= .'-

1(0)+'-5$ +( 8*50<9+(+. I*&*6 -$5<*A$6 '50*B(+*, +*.0$%(0, 1 [4, 9]. 

J+* +*.'%$+*(5 8*9*,$ 50(+$6 4(0')'1*5?) .'1(0)+'-5(= [10]. 

 

H$-. 1. L)(%* 18*$%'9(=-51$6 :/(%(+5'1 1 .0'A(--( #23 

2. 30$ 8+*,$5(/D+'% -9*1/$1*+$$ ,*-5$A *;0*8$1* %(B9< ';0*-

;*5?1*(%'= ./*-5$+'= $ '5+'-$5(/D+' %67&$% .'/$0'1*/D+$&'% 1 ';-

/*-5$ /'&*/D+'7' &'+5*&5* 8*50<9+6(5-6 91$B(+$( 0*;',(= B$9&'-5$ 1 
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';/*-5$ .'/$0'1*+$6, ,5' %'B(5 -+$8$5D $+5(+-$1+'-5D )$%$,(-&'7' 

1'89(=-51$6. 

30(9-5*1/6(5-6, ,5' .(01*6 -$5<*A$6 +*$;'/(( )*0*&5(0+* .0$ 

'5+'-$5(/D+' +$8&$) <-$/$6) .0$B*5$6 1 ';/*-5$ .'/$0'1*+$6, * 15'-

0*6 – .0$ 1?-'&$) <0'1+6) &'+5*&5+'7' 9*1/(+$6, &'79* .(0(&0?1*@5-

-6 &*+*/? .(0(5(&*+$6 0*;',(= B$9&'-5$. I*&$% ';0*8'%, 1 8*9*,( 

.0'$-)'9$5 0*89(/(+$( %*-45*;'1 18*$%'9(=-51$6. H*--%'50$% <.'-

%6+<5?( :EE(&5? .'',(0(9+'. 

30'-5(=4(( .0(9.'/'B(+$( ' .0'.'0A$'+*/D+'= 18*$%'-168$ 

-&'0'-5$ .'/$0'1*+$6 $ ./'C*9$ &'+5*&5* 1?-5<.* .'/$0'1*/D+$&* $ 

';0*;*5?1*(%'= ./*-5$+? 9*(5 E'0%< 8*.$-$ 8*&'+* $8+*4$1*+$6 .'-

1(0)+'-5$ 1 1$9( (*+*/'7$,+?( -''5+'4(+$6 9/6 $8+'-* 50<C$)-6 .'-

1(0)+'-5(= $81(-5+? $ 1 50$;'/'7$$ [10]) 

 
2/3
0 ,RV p  (18) 

79( rV =
dh

dt
 – -&'0'-5D <9*/(+$6 %*5(0$*/*, $0 – 9*1/(+$( -' -5'0'+? 

.'/$0'1*/D+$&*. 

R*%(5$%, ,5' ';0*;'5&* :&-.(0$%(+5*/D+?) 9*++?) .'/$0'1*+$6 

'&$-$ &0(%+$6 .' E'0%</( 5*&'7' 1$9* (+*.0$%(0, 1 [9]) 9*(5 8+*,$%'( 

'5&/'+(+$( 1 ';/*-5$ %*/?) 9*1/(+$= (9' ~30 &3*). L$5<*A$6 %(+6(5-

-6, (-/$ .0(9.'/'B$5D, ,5' 1 ';/*-56) /'&*/D+'7' &'+5*&5* +* 1?.<&-

/'-56) .'/$0'1*/D+$&* .0'A(-- *;0*8$1+'7' <+'-* %*--? .0'$-)'9$5, 

&*& 1 '.$-*++'= 1?4( %'9(/$ '9+'0'9+'7' &'+5*&5* 9(5*/$ $ .'/$0'-

1*/D+$&* (17). O*&5$,(-&$ .0$ :5'% .0$+$%*(5-6 .0(9.'/'B(+$(, ,5', 

.'-&'/D&< $+5(+-$1+'-5D )$%$,(-&'= ';0*;'5&$ .'1(0)+'-5$ 0(8&' 

.*9*(5 - 7/<;$+'=, $+5(+-$1+?= )$%$&'-%()*+$,(-&$= $8+'- ';0*;*-

5?1*(%'= .'1(0)+'-5$ .0'$-)'9$5 5'/D&' +* 1?-5<.*) .'/$0'1*/D+$-

&*. 30'%(B<5&$ %(B9< 1?-5<.*%$ -/<B*5 9/6 50*+-.'05$0'1&$ 0*;'-

,(= B$9&'-5$. 

O'0%</< (17) %'B+' .0(9-5*1$5D 1 1$9(  

 1/6 1/2

0

,r

S
V C v

S
/  (19) 

79( % – .'-5'6++*6, +( 8*1$-6C*6 '5 9*1/(+$6 $ -&'0'-5$ 91$B(+$6, 

T – -0(9+(( 9*1/(+$( +* ./'C*9&( &'+5*&5*, 0/S S  – '5+'4(+$( ./'-

C*9$ &'+5*&5* (9$+$,+'= 4(0')'1*5'-5$ .'/$0'1*/D+$&* & ./'C*9$, 
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8*+$%*(%'= 4(0')'1*5'-5D@ 1 A(/'%. J;0*;*5?1*(%<@ ./*-5$+< ;<-

9(% -,$5*5D B(-5&'=, * 4(0')'1*5'-5D '&0<7/'= - )*0*&5(0+?% 0*9$<-

-'% &0$1$8+? .0$ 1(04$+( R1 $ 0*9$<-'% .0'(&A$$ '-+'1*+$6 +* 

./'-&'-5D .'/$0'1*/D+$&* R0>R1. 

!/6 5*&'= -$-5(%? $8 <-/'1$= <.0<7'7' &'+5*&5* %'B+' 8*.$-*5D 

 

2/3

1 13
~ ;

4 ef

F R
S

E

$ %
.& '& '
( )

 
2

1 0 ;F R0 ./  
2

0 0 ;S R0 .  

2/3

1

0 0

3
~ ,

4 ef

RS

S E R

$ %./
& '& '
( )

 (20) 

79( S – ./'C*9D (9$+$,+'7' &'+5*&5*, S0 – ./'C*9D '-+'1*+$6 '&0<7-

/'= 4(0')'1*5'-5$, F1 – <-$/$( 19*1/$1*+$6, .0$)'96C((-6 +* '9+< 

4(0')'1*5'-5D. L''51(5-51(++', 

 

2/3

01/30

1

4
~ .

3

efE RS
p

S R

$ %$ %/ / & '& ' .( ) ( )
  (21) 

J5-@9* -/(9<(5 'A(+&* 1/$6+$6 -E(0$,(-&'= E'0%? (9$+$,+'= 

4(0')'1*5'-5$ +* -&'0'-5D .'/$0'1*+$6: 

 

5/9

13/18 1/2 1

0

3
.

4
R

ef

R
V C v

E R

$ %.
/ & '& '

( )
  (22) 

Q*$;'/D4*6 -&'0'-5D -''51(5-51<(5 %*&-$%*/D+'%< -;/$B(+$@ 

0*9$<-'1 R1 $ R0. 

L0*1+$1*6 .'&*8*5(/$ -5(.(+$ 9*1/(+$6 1 (22) $ (18), * 5*&B( - 

<.'%$+*(%'= 1 /$5(0*5<0(, +*.0$%(0 1 [4], 1(/$,$+'= 5/6, %'B+' 8*-

%(5$5D, ,5' .'/<,(++'( 8+*,(+$( – 13/18 – 8*+$%*(5 .0'%(B<5',+'( 

.'/'B(+$( %(B9< +$%$, .0$,(% 1-( 50$ .'&*8*5(/6 ;/$8&$. 

30$ 1?-'&$) 9*1/(+$6) .0'$-)'9$5 -%?&*+$( &'+5*&5* '5+'-$-

5(/D+' %67&'7' .'/$0'1*/D+$&* $ 9(5*/$ $ .(0(&0?5$( .'5'&'1 0*;'-

,(= B$9&'-5$ (0$-. 2) F5' %(4*(5 50*+-.'05$0'1&( )$%$,(-&$ *&5$1-

+?) &'%.'+(+5'1 1 ';/*-5D &'+5*&5*, ,5' -+$B*(5 -&'0'-5D 0(*&A$$ $ 

1 &'+(,+'% -,(5( <+'-* %*--?. > 5()+'/'7$$ #23 :&-.(0$%(+5*/D+?= 

E*&5 -+$B(+$6 -&'0'-5$ .'/$0'1*+$6 .0$ 1?-'&$) 8+*,(+$6) 9*1/(-

+$6 -' -5'0'+? .'/$0'1*/D+$&* $81(-5(+ (-%. +*.0$%(0, 9*++?( 1 

[11]). 30$%(% -/(9<@C<@ %()*+$,(-&<@ %'9(/D 61/(+$6. 

30'-1(5 %(B9< .'/$0'1*/D+$&'% $ 9(5*/D@ &'+50'/$0<(5-6 .0$-

/'B(++?% 1+(4+$% 9*1/(+$(% $ 0*-.'0'% -' -5'0'+? *;0*8$1+?) 

,*-5$A. 3' %(0( <1(/$,(+$6 9*1/(+$6 $8-8* .0'7$;*+$6 .'1(0)+'-5$ 
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.'/$0'1*/D+$&* <%(+D4*(5-6 1(/$,$+* 8*8'0*, 8*.'/+(++'7' 0*;',(= 

B$9&'-5D@. Q*&'+(A, .0$ +(&'5'0'% <0'1+( 9*1/(+$6 .0'$-)'9$5 

-%?&*+$( .'1(0)+'-5(= .'/$0'1*/D+$&* $ 9(5*/$, ,5' .0*&5$,(-&$ 

.0(&0*C*(5 .(0(5(&*+$( 0*;',(= B$9&'-5$ $ '-/*;/6(5 5(% -*%?% (( 

)$%$,(-&<@ *&5$1+'-5D (-%. 0$-. 2). 30'1(9(% -0*1+$5(/D+?( 'A(+&$ 

1?9(/(++?) 1*0$*+5'1. 

> .(01'% -/<,*( (-%. 0$-. 2, !) ;<9(% -,$5*5D, ,5' 9*1/(+$( +(-

9'-5*5',+' 9/6 -%?&*+$6 .'1(0)+'-5(=, +' .' %(0( 0'-5* 9*1/(+$6 

<1(/$,$1*(5-6 ./'C*9D &'+5*&5* *;0*8$1+'= ,*-5$A? - ';0*;*5?1*(-

%'= .'1(0)+'-5D@. > -''51(5-51$$ - %'9(/D@ <.0<7'7' &'+5*&5* [8] 

'5+'4(+$( ./'C*9$ ';/*-5$ &'+5*&5* & ./'C*9$, .0$)'96C(=-6 +* 

'9$+ &'+5*&5, *+*/'7$,+' (20), $%((5 1$9 

 

2/3

0

3
~ ,

4

r

r ef

S r

S E L

$ %./
& '& '
( )

 (23) 

79( r – 0*9$<- *;0*8$1+'= ,*-5$A?, L – -0(9+(( .'/<0*--5'6+$( %(B9< 

-'-(9+$%$ ,*-5$A*%$ +* &'+5*&5(, efE  – %'9</D <.0<7'-5$ .'1(0)+'-

-5$ .'/$0'1*/D+$&*. 

J;/*-5$, 9'-5<.+?( 9/6 )$%$,(-&'= ';0*;'5&$, -'-5*1/6@5 9'/@ 

.'069&* ! "01 r rS S*  '5 ';0*;*5?1*(%'= ./'C*9$. I'79*, (-/$ )$%$,(-

-&*6 ';0*;'5&* 61/6(5-6 +(';)'9$%'= .0(*%;</'= *;0*8$1+'7' <+'-* 

%*--?, -&'0'-5D .'/$0'1*+$6 (3) 9'/B+* ;?5D .0'.'0A$'+*/D+* ./'-

C*9$, 9'-5<.+'= 9/6 )$%$,(-&'7' 1'89(=-51$6.  ,$5?1*6 -168D %(B9< 

0*-.0(9(/(+$(% ,*-5$A 1 0*;',(% 8*8'0( $ $) &'+A(+50*A$(= n 1 1$9( 

*1/3/ ~ ,r L n  

.'/<,$% 

 

2/3
1/3

1/6 1/2 3 *
1 .

4
R

ef

n
V C v

E

$ %./
/ *& '& '

( )
  (24) 

L''5+'4(+$( (24) 9*(5 +(%'+'5'++<@ 18*$%'-168D %(B9< -&'0'-

-5D@ .'/$0'1*+$6 $ 9*1/(+$(% -' -5'0'+? .'/$0'1*/D+$&*. 2*&-$%<% 

-&'0'-5$ .'/$0'1*+$6 'B$9*(5-6 1 ';/*-5$ 9*1/(+$= 

 1 *1/3
~ ;

efE
m

n

#/  1 4 /15 .m  .  (25) 
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> ;'/D4$+-51( 1*0$*+5'1 5()+'/'7$$ '5+'4(+$( *1/3 / 1efn E m/ 77  

(-%., +*.0$%(0, [4]), .':5'%< .0*&5$,(-&$ +*;/@9*(5-6 5'/D&' 1'-)'-

96C*6 1(51D (24). 

JA(+$% *-$%.5'5$&< .0'A(--* 1' 15'0'% 1*0$*+5( 8*9*,$. 30(9-

-5*1$%, &*& $ 1?4(, 1 %'9(/D+'% .0$;/$B(+$$ ';/*-5D &'+5*&5* 1 1$-

9( ';/*-5$ '9+'0'9+'7' 9*1/(+$6 +* 70*+$A( &'+5*&5$0<@C$) .'/<-

./'-&'-5(=, 0*-&/$+$1*(%?) *;0*8$1+?%$ ,*-5$A*%$ (-%. 0$-. 2). 

 

!     & 

H$-. 2. L$5<*A$6 1 ';/*-5$ 1(04$+? '9$+',+'= 4(0')'1*5'-5$: ! – %*/'( <-$/$( 

.0$B*5$6, & – /'&*/D+'( -%?&*+$( .'1(0)+'-5$ .'/$0'1*/D+$&* $ 9(5*/$ 

> 8*1$-$%'-5$ '5 1(/$,$+? 9*1/(+$6 0*8%(0 /'&*/D+'7' +*0<4(-

+$6 &'+5*&5*, 1?81*++'7' .0$-<5-51$(% ,*-5$A *;0*8$1*, %(+6(5-6. 

N<9(% -,$5*5D, ,5' ,*-5$A? 0*-.'/'B(+? 9'-5*5',+' 0(9&', 5*& ,5' 

18*$%'9(=-51$6 %(B9< +$%$ +(5. J;/*-5D +*0<4(+$6 &'+5*&5* %'B+' 

<.'9';$5D :EE(&5$1+'= 50(C$+( +'0%*/D+'7' 0*80?1*, 1 &'+A(1?) 

,*-56) &'5'0'= .0$ -%?&*+$$ &'+5*&5$0<@C$) .'/<./'-&'-5(= 1?-

.'/+6(5-6 <-/'1$( ./*1+'7' -%?&*+$6. 30$-<5-51$( &*-*5(/D+?) -$/, 

1?81*++'( 0*8+$A(= 9(E'0%*A$'++?) )*0*&5(0$-5$& &'+5*&5$0<@C$) 

%*5(0$*/'1, 1 9*++'% -/<,*( 9/6 'A(+&$ +'0%*/D+?) -%(C(+$= +(-<-

C(-51(++'. H*8%(0 '5-/'(+$6 2   !  "##$%&$"$%'()*+ ,-&.&/01#2' 

-!%1#%&"*( $-&)*13 1#-2!/01#4# -!5-3%! ,-* #6#51!7&11#2 '"/#%** 

1!+.&2, '7*$3%!8, 7$# 9::& $*%1!8 $-&)*1! 1!;#.*$"8 ,#. .&+"$%*&2 

#.1#-#.1#4# "<!$*8 .!%/&1*&2 = * -!" /*1*%!()*; "*/ "# "$#-#13 

<&"$ #+ !6-!5*%1#+ 7!"$*>3 " ;!-! $&-132 -!.*'"#2 R (-*". 3). 

 

?*". 3. @;&2! 2#.&/01#+ 5!.!7* # "23 !1**  #1$! $!  

2&<.' ,#/*-#%!/01* #2 * .&$!/0( 

2r 

2r

= 
= 

= 
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A/8 $! #+ -!"7&$1#+ ";&23 % ,/#" #+ 5!.!7& '"/#%*& ,/!%1#4# 

"23 !1*8 %  #1>&%3; #6/!"$8; 9::& $*%1#+ $-&)*13 5!,*B&2 % %*.& 

  !  !1 1 0,K K r" # $  (26) 

4.&  !1K " % " &  –  #9::*>*&1$ *1$&1"*%1#"$* 1!,-8<&1*+ #$ .&+-

"$%*8 #.1#-#.1#4# "<!$*8 "# "$#-#13 ,#/*-#%!/01* !, 

 !1

2 efE r
K R %

&  
 –  #9::*>*&1$ *1$&1"*%1#"$* 1!,-8<&1*+ #$ .&+"$-

%*8 <&"$ #4#  /*1! $#/)*1#+ 2R (,/#" #& 1!,-8<&11#& "#"$#81*&) [11]. 

C5 (26) ,#/'7*2 *" #23+ -!52&-: 

 
2

;
efE r

%
& "

  .L'  (27) 

?!52&- #6/!"$* 1!-'B&1*8  #1$! $!, $.&. % .!11#+ 2#.&/* #6/!"-

$*, .#"$',1#+ ./8 ;*2*7&" #+ #6-!6#$ * ,#%&-;1#"$*, '2&10B!&$"8 

,# 2&-& %#5-!"$!1*8 1!,-8<&1*+ %1&B1&4# "<!$*8. 

D!2&$*2, 7$# %&/*7*1! "  "%85!1! " .!%/&1*&2 "# "$#-#13 ,#/*-#-

%!/01* ! #,#"-&.#%!11# *5-5! ,-*"'$"$%*8 % -!6#7&2 ,-#"$-!1"$%& <*.-

 #"$*. E#<1# %3.&/*$0 $-* ;!-! $&-13; !"*2,$#$*7&" *; "*$'!>**. 

F"/* %3$& !1*& -!6#7&+ <*. #"$* 5!$-'.1&1#,  #1$! $ 2&<.' 

$%&-.32* $&/!2* ,#/*-#%!/01* ! * ,#/*-'&2#+ ,/!"$*13 1!;#.*$"8 

,#. .!%/&1*&2, ,-&."$!%/8()*2 -!51*>' 2&<.' .!%/&1*&2 ,-*<!$*8 

,#/*-#%!/01* ! !0 * .!%/&1*&2 -!6#7&+ <*. #"$* % -!6#7&2 ,-#-

"$-!1"$%& !g: 

 0 .gp p" % (  (28) 

F"/* ,#/*-#%!/01*  ,/#$1#  #1$! $*-'&$ " ,/!"$*1#+ ,-* "%#-

6#.1#2 .%*<&1** <*. #"$*, $# 0~ .p"  

F"/* <*. #"$0 "%#6#.1# %3$& !&$, ! '"*/*& ,-*<!$*8 ,&-&.!&$"8 

7&-&5 ',-'4*+ [12]  #1$! $ #$.&/013; 7!"$*> * ,#/*-#%!/01* !, "*-

$'!>*8 6/*5 !   (17). G%&/*7&1*& .!%/&1*8 %353%!&$ -#"$ " #-#"$* 

,#/*-#%!1*8. 

?!""2#$-*2 %!-*!1$ ,#/*-#%!1*8 % '"/#%*8; ,&-& -3$*8 5!5#-!. 

A/8 9$#4# .*!,!5#1! .!%/&1*+ #>&1 ! %5!*2#"%85* " #-#"$* ,#/*-#%!1*8 

* %1&B1&4# .!%/&1*8 2#<&$ 63$0 ".&/!1! % -!2 !; ,-&.,#/#<&1*8 

# ,-#,#->*#1!/01#"$* " #-#"$* ,#/*-#%!1*8 * #$1#B&1*8 -!52&-! /#-

 !/013; #6/!"$&+ 1!-'B&1*8  #1$! $!  # %"&+ ,/#)!.*  #1$! $!, $.&. 
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 ~ .rV
L

 
 (29) 

@%8<&2,  !  * -!1&&, -!""$#81*& 2&<.' 7!"$*>!2* !6-!5*%! L * 

 #1>&1$-!>*( 7!"$*> % ,/#" #2 "/#& n*: 

 1/3~ * .L r n (  (30) 

H#4.! ./8 %!-*!1$! ,/#$1#4#  #1$! $! ,#/*-#%!/01* ! " ,/!"$*-

1#+ ,-* "%#6#.1#2 .%*<&1** <*. #"$* ( 0~ p" ) *2&&2 " '7&$#2 (17), 

(27), (29), (30) 

 
 !

5/65/9 1/2

1/2
~ .

ef
r

En v
V C

Dr

) *
+ ,

"- .
 (31) 

@ #-#"$0 ,#/*-#%!1*8 "1*<!&$"8 " -#"$#2 .!%/&1*8. 

I,*"!113& %!-*!1$3 %5!*2#.&+"$%*8 %#",-#*5%#.8$ '"/#%*8 ./8 

-!5/*713; 2&;!1*52#% %5!*2#"%85* " #-#"$* ,#/*-#%!1*8 * .!%/&1*8 

"# "$#-#13 ,#/*-#%!/01* !. J#9$#2' 2#<1# 4#%#-*$0 # .*!4-!22& '"-

/#%*+ -&!/*5!>** 9$*; 2&;!1*52#%. K-!1*>!2* "')&"$%#%!1*8 9$*; 

2&;!1*52#% 1! .*!4-!22& 6'.'$ '"/#%*8 *52&1&1*8 ">&1!-*8 -!6#7&4# 

,-#>&""!. H! , 2&;!1*52 ,&-& -3$*8 5!5#-! 2&<.' 7!"$*>!2* -&!/*5'-

&$"8 $#/0 # ,-* .!%/&1*8;, ,-&%3B!()*; 1&#6;#.*2#& ./8 "#,-* #"-

1#%&1*8 ,#%&-;1#"$* ,#/*-#%!/01* ! * ,/!"$*13. A!%/&1*&, "##$%&$-

"$%'()&& 4-!1*>& ,&-&;#.! 2&<.' #,*"!1132* 2&;!1*52!2* ,#/*-#-

%!1*8, 2#<&$ 63$0 1!+.&1# *5 '"/#%*8 "23 !1*8 ,#%&-;1#"$* 

,#/*-#%!/01* ! * #6-!6!$3%!&2#+ (<&"$ #+) ,/!"$*13, ,#/!4!8 ./8 

9$#4# 1.
L

/
 

 C5 (27), (28) * (30) 1!;#.*2 

 2/32
~ * .efp E n0

&
 (32) 

H! *2 #6-!5#2, ./8 -!5/*713; ">&1!-*&% "*/#%#4# %5!*2#.&+"$-

%*8 % "*"$&2& ,#/*-#%!/01* –!6-!5*%–.&$!/0 ;!-! $&-13 -!5/*713& 

%*.3 %5!*2#"%85* 2&<.' " #-#"$0( ,#/*-#%!1*8 * .!%/&1*&2, "#5.!-

%!&232 ,-*<!$*&2 ,#/*-#%!/01* !   #6-!6!$3%!&2#+ .&$!/*. 

 

?!6#$! %3,#/1&1! ,-* ,#..&-< & J-#4-!223 :'1.!2&1$!/013; 

*""/&.#%!1*+ J-&5*.*'2! ?LM N 13. 



 

 55

 !"#!$%&'(!)*+,!- +.!+$, 

1. O*2* #-2&;!1*7&" #& ,#/*-#%!1*&. P. 1. I"1#%13& 5! #1#-

2&-1#"$*: #65#-. ("2. "$!$0( % 1!"$#8)&2 *5.!1**). 

2. K#/0.B$&+1 ?.Q., I"*,&1 # M.E. O*2* #-2&;!1*7&" #& ,#/*-

-#%!1*&. E#.&/* ,-#>&""!. – E.: CJE&; ?LM. – J-&,-*1$ N 918. – 

2009. – 40 ". 

3. Chemical-mechanical polishing: Process manufacturability / R. Jairath 

[et al.] // Solid State Technology. – 1994. – No. 7. – ?. 71–75. 

4. Luo J., Dornfeld D.A. Material removal mechanism in chemical 

mechanical polishing: theory and modelling // IEEE transactions on semi-

conductor manufacturing. – 2001. – Vol. 14, No. 2. – P. 112–133. 

5. Nanz G., Camilletti L.E. Modeling of chemical-mechanical polish-

ing: a review // IEEE transactions on semiconductor manufacturing. – 1995. – 
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