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1.1  

 
IT  (Information Technology) 

2003 9

7.7 [1] 2011

21

9.6 [2]

78% 94%[3]  

IT LSI (Large Scale Integrated 

circuits) LSI

LSI

LSI

 (LSI ) 

LSI

LSI
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1.2  

 
LSI IC 60

1990 Al 4

Cu 8 10 1-1

LSI 1-1

LSI SEMATECH

[4]

1971 1kbit DRAM 

(Dynamic Random Access Memory) 4bit (

LSI) LSI

1-1 LSI

DRAM  

LSI

LSI

1990 CMP 

(Chemical Mechanical Polishing) 

CMP

 

LSI

70%

1-1

0.35 m 0.25

m LSI Al 0.25
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m

0.18 m Cu

0.13 m

low-k

Cu CMP

200mm 300mm

 

 

 
1-1  LSI  

 

1-2 Al 1-2

Al RIE (Reactive Ion 

Etching) PVD (Plasma Vapor 

Deposition) Al

Al RIE

Al CVD 

(Chemical Vapor Deposition) 

CMP Al

Al SiO2 TEOS 



5 
 

(Tetra-Ethoxysilane) 4.0

 

Al 0.25 m LSI 1997

LSI

CMP

 

1-3 Cu

 (Damascene) 

Cu

Cu (low-k )

Cu

PVD

Cu

Cu Cu CMP

Cu Cu

 

0.13 m LSI SiOF 90nm

SiOC 65nm

low-k

CMP

( ) [5]  
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1-2  Al  

 

 

1-3  Cu  

 

LSI

LSI

LSI 3

TSV (Through Silicon Via) 

3 [6] 3

2 3

Cu TSV

LSI TSV
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[7] Cu TSV

TSV 10 20 m

Cu 10 m

Cu TSV

 

3 LSI 3

3

CMP
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1.3  

 
CMP

LSI

CMP

low-k

3  

(1)  

 

(2) Al  

 

 

(3) Cu LSI  

LSI 3 Cu  

TSV low-k  

 

 

LSI

 

1-4 6

 

1

 

2
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 (

) 

 

3 2

 

4 Al  

( ) 

CMP

 

5 Cu Cu  

 

(e-CMP) e-CMP

e-CMP

BTA 1.8 LSI

Cu
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e-CMP Cu-CMP

Hybrid CMP/e-CMP 3

Cu TSV

 ( 3.5μm/min) TSV
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2.1  

 

[1]  

LSI

CMP (Chemical Mechanical Polishing) 

CMP

CMP

[2]

 

1

[3]

Preston

[4]



15 
 

 

1

Preston

 

2.2

 

2.3 Down face

[5] [6] [7]

[8] Up face

[9]

[10]

(

)
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2.2  

 

 

 

2.2.1  

 

(1) Down face  

2-1 2-1

Down face 2-2 t

Ow

(X,Y) X=h(t) Y=g(t) 
 

(r, 0)

(X,Y )  

 
X(t) = r cos( w t + 0) + h(t) (2.1) 

    Y(t) = r sin( w t + 0) + g(t) (2.2) 

 

w h(t) g(t) 
X Y Op

R(t) Op

X (t) R(t) (t) 
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R(t) = (X(t)2+Y(t)2)1/2  (2.3) 

    (t) = cos-1[X(t)/R(t)] (2.4) 

 

(x,y)  

 

x(t) = R(t) cos[ (t) p t ] (2.5) 

    y(t) = R(t) sin[ (t) p t ] (2.6) 

 

p  

(2.4) (t) Y(t) (t) 
(t) p  t

(2.5) (2.6)  

[ (t) p t] Y(t) (t) p  t
 

2-3 2-4 (2.4) (t) 1

sin cos Y(t) 
(t) 2-3

2-4 (t) 1  

 

X(t) = cos(2 n1 t )  (2.7) 

    Y(t) = sin(2 n1 t )  (2.8) 

R(t) = (X(t)2+Y(t)2)1/2  (2.5) 

    (t) = cos-1[X(t)/R(t) ] (2.6) 

     t = 2 n2 t           (2.9)  

Y(t) 0 1= (t) Y(t)<0 1= (t)
n1 n2

2-3 2-4  n1=5rpm n2=3rpm sin
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cos  

        
2-1  Down face  

 
 2-2  Down face  

 

 
2-3 (t) 1 sin  
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2-4 (t) 1 cos  

 

(2) Up face  

2-5 Up face

Down face

Up face

 

2-6 t
Op

Ow (X’,Y’ ) X’=h(t) Y’=g(t) 
Ow

(X,Y) X= X’= h(t)
Y= Y’= g(t) (r, 0) Op

(x,y) (2.5) (2.6)  

Down face Up face
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2-5  Up face  

 

 
2-6  Up face  
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2.2.2  

 
Ĥ Preston

[11]   

 

Ĥ = P V T (2.10) 

 
P V T

(2.10)  ( )

 

r t
R H(r) 

Ĥ  

 

 Ĥ = (1/R)  H(r) dr (2.11) 

 

r t
p(r,t) v(r,t) 

T H(r)  

 

H(r) =  p(r,t) v(r,t) dt (2.12) 

 

2 [12]

Ĥ
 

T 

0 

0 

R  
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p(r,t) 

v(r,t) 
(2.11)

p(r,t) v(r,t) 

[13]

 

p(r,t)
T

(2.12) r p(r) H(r) 
 

 

    H(r) = p(r)  v(r,t) dt = p(r) L(r) (2.13) 

 

L(r) r ( )  

L(r)  ( r )

2-7

2-7 Op

(x,y) tk

(x(tk),y(tk) )
T L(r)  

 

L(r) =  v(r,t) dt  

 = Lk =  [ ( xk)2 +( yk)2 )]1/2 (2.14) 

 

0 
T 

k=0 

n 

0 
T  
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t t0=0 tk= tk-1 + t xk = x(tk 

+ t) – x(tk) yk = y(tk + t) – y(tk) n= T / t 2-8

R(tk) tk Op

Rp R(tk) > Rp

Lk=0

 

 

 

2-7  

 

T 
 

r H(r) 
L(r) 

P0 T
H(r)  
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H(r) = p(r) L(r) = P0 L(r)  (2.15) 

 
r L(r) 

( )

(2.15)

 

h(r) hav h
2-8

P0 E h (
E ) r

H(r)  

 

H(r) = p(r) L(r) = P0 (1+E h/P0) L(r)  (2.16) 

 

(2.16) h
 

 

 
2-8  

 
(2.15)

t
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(2.16) t 2

t
n

n  

 

Hn(r) = Hn-1(r) + P0 (1+E hn-1/P0) L(r) (2.17) 

 
Hn-1(r) n 1 hn-1 n 1

2.1

 

 

2.1  

     

t0=0 0 0 P0 0 

t1= t0+ t 0 Δh1=0 P1=P0 H1=αP1L(r) 

t2= t1+ t Ĥ1=αP1Ł  Δh2=Ĥ1 H1 P2=P0+EΔh1 H2=H1+αP2L(r) 

t3= t2+ t Ĥ2 Δh3= Ĥ2 H2 P3=P0+EΔh2 H3= H2+αP3L(r) 

tn= tn-1+ t Ĥn-1  Δhn= Ĥn- 1 Hn -1  Pn=P0+EΔhn- 1 Hn= 

Hn-1+αPnL(r) 

Ł  

 

1

6

t
t

t  
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2-9 2-9(a)

( )

 

 

 

 

(a)      (b) [12] 

2-9  
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2.3  

 
CMP

 

(2.5) (2.6) t

(Excel )

(x,y)

Excel

1

1
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2.3.1  

 
LSI CMP

CMP

CMP 2.5 3

( )

 

2-10

Down face Ow

(X,Y ) X

2.5 3 2-11

2-11 Ow

Op (X,Y ) (Lx,Ly)

X a
 

2-11 (r, 0)

(x,y)  

(X,Y )
 

 

X(t) = r cos( w t + 0) + h(t)      (2.1) 

    Y(t) = r sin( w t + 0) + g(t)      (2.2) 
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Op R(t)
Op X (t) R(t) (t) 

 

 

R(t) = (X(t)2+Y(t)2)1/2 (2.3) 

    (t) = cos-1[X(t)/R(t) ]  (2.4) 

 

p (r, 0)

(x,y ) R(t) (t)  

 
x(t) = R(t) cos[ (t) p t ] (2.5) 

  y(t) = R(t) sin[ (t) p t ] (2.6) 

 

(r, 0) 0

0=0  

( ) (h(t) g(t) ) 

 

 
h(t) = Lx a sin(2 m t ) (2.18) 

g(t) = Ly (2.19) 

 

p w

np(rpm) nw(rpm) p=2 np/60 w=2 nw/60

(LX,LY) a m
(LX,0) X

(1) (0,LY) X

(2)  
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2-10  

 

2-11  

 
2-2 (1) LX=15 

cm LY=0 (2) LX=0 LY= 15 cm

(1)

X (LX,0)

(2) (0,LY) X

 

2-12 2-13 a =2 cm m =5 /min

np=40 rpm / nw/np=0/95

T =1 min (1) (2)
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r =0 r =9 cm

2-12(a) (1) r=0

13 cm 17 cm 4 cm

LX=15 cm 2 cm

2-13(a) (2) r =0

15 cm

r=9 cm (1) 2-12(b)

LX=15 cm 22 cm

(2) 2-13(b) 

18 cm (1) (a=0)

(2)

 

 

2-2  

 (1) (2) 

a (cm) 2 2 

m (1/min) 5 5 

np(rpm) 40 40 

X LX(cm) 15 0 

Y LY(cm) 0 15 

nw(rpm) parameter parameter 

Rp(cm) 30 30 

Rw(cm) 10 10 

T (min) 1 1 
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(a) r=0                    (b) r=9cm   

2-12 (1)  

 

 
(a) r=0                     (b) r=9 cm 

2-13 (2)  

 

2-14 2-15 a =2 cm m =5 /min

np=40 rpm T =1 min

(1) (2)

nw/np

cm 2-14 2-15 (1)

(2) nw/np=1

nw/np=1
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2-16 2-15 nw/np

(% )

2-16 nw/np=1 % =0

nw/np=1

nw/np (% ) (1)

(2)  

 

 

2-14 (1)  

 

2-15 (2)  
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2-16  

 

  



35 
 

2.3.2  

 

CMP

 

2-17 [5]

Down face 2-18

a1

m a2

c

(X,Y )
X (h(t) g(t) )  

 

 

h(t) = a1 cos( m t ) +a2 cos( c t )  (2.20) 

g(t) = a1 sin( m t ) +a2 sin( c  t )  (2.21) 

 

a1 m

( nm rpm) a2 c

( nc rpm) a(

na rpm) Ra
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b( nb rpm) Rb

Rc  

 

m = ( b Rb+ a Ra)/( Ra+Rb) (2.22) 

c  = (Ra+Rc) ( b Rb a Ra)/( Ra+Rb) Rc (2.23) 

a1 = Ra+Rc (2.24) 

a2 = Rc/2 = (Rb Ra)/2 (2.25) 

 

 

2-17  

 
2-18  
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2-3

( ) nw=0  

2-19 nb=30 rpm T =1 min

na=30 rpm 50 rpm

(2.20)

(2.21) 2-19(a)

nb na

31.2 cm

nb na 2-19(b)

31.2 17.5 cm  

2-20 nb=30 rpm np=50 

rpm T =1min na=30 rpm 50 rpm

r =4 cm

2-20(a) na=30 rpm

2-20(b)

na=50rpm  

2-21 na=31 rpm 32 rpm

r =4 cm 2-21

nb na

2-21(a)

na=31 rpm

2-21(b) na=32 rpm
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2-3  

Ra(cm) 5 

na(rpm) parameter 

Rb(cm) 40 

nb(rpm) 30 

Rw(cm) 5 

Rc(cm) 17.5 

Rp(cm) 40 

np(rpm) parameter 

nw(rpm) 0 

T (min) 1 

 

    

(a) na=30 rpm                   (b) na=50 rpm 
2-19  
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(a) na=30 rpm                  (b) na=50 rpm 

2-20 r =4 cm  

 

  

a) na=31 rpm                  (b) na=32 rpm 

2-21 r =4 cm  

 

2-22 2-23 nb=30 rpm

np=50 rpm

2-22

na
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na=30 rpm 2-23

(% )

nb=30 rpm  

2-24 2-25 nb=30 rpm

na=60 rpm

np 2-24

np

2-25

np=40 rpm 12% np=60 rpm

2%

np=100 rpm 1%  

 

 
2-22  
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2-23  

 

   
2-24  

 

 
2-25  
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2.3.3  

 

 

2-26

( )

Down face  

2-27

2-27 2-26

(X’,Y’ ) ( ) a
m  (LX,LY)

(X,Y)

( )

(X,Y) (LX,LY) ( )

(h(t) g(t) )  

 

h(t) = a cos( m t ) + LX   (2.26) 

g(t) = a sin( m t ) + LY   (2.27) 

 
2-26  
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2-27  

 

2-4

 

2-28 2-29 a =1.3 cm

nm=250 rpm LX=2.5 cm

LY=0 nw/nm=0.05

2-28 np=0 r =5 

cm r =15 cm (3.8,0)

2-29 np=3 

rpm r =5 cm r =15 cm

2-27
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2-4  

a (cm) 1.3 

m (rpm) 250 

X LX(cm) 2.5 

Y LY(cm) 0 

Rw(cm) 15 

nw(rpm) parameter 

Rw(cm) 22.5 

np(rpm) parameter 

T(min) 1 

 

   

(a) r=5 cm                     (b) r =15 cm  

2-28 (nm=250 rpm nw/nm=0.05 np=0) 
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(a) r=5cm                    (b) r=15cm  

2-29 (nm=250 rpm nw/nm=0.05 np=3 rpm) 

 

2-30 2-31 a =1.3 cm

nm=250 rpm LX=2.5 cm

LY=0 np=3 rpm

nw/nm

2-30 nw/nm 0.1

nw/nm 0.1

2-31

nw

2-31 nw

nm 10%  
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2-30  

( nm=250 rpm np=3 rpm) 

 

 

2-31  
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2.3.4  

 

 

2-32 2-32

Down face  

2-33

( ) LX L

 

( ) (X,Y ) X

m(t) m ( m )
(h(t) g(t) )

 

 

h(t) = L cos m(t)  LX (2.28) 

g(t) = L sin m(t) (2.29) 

m(t) = ( /2) sin( m t ) (2.30) 
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2-32  

 

 

2-33  

 

2-5

 

2-34 2-35 LX=35 cm

L =45 cm =45 np=40 rpm
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nw=40 rpm r =0 r= 9 cm

2-34 m =10 /min

2-35 m =6 /min

2.34

2.3.1

 ( 2-14) 

 

 

2-5  

LX (cm) 35 

L(cm) 45 

(deg.) 45 

m(1/min) parameter 

np(rpm) 40 

nw(rpm) parameter  

Rp(cm) 30 

Rw(cm) 10 

T(min) 1 
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(a) r=0                      (b) r=9 cm 

2-34 m =10 /min  

 

 
(a)  r=0                       (b) r=9 cm 

          2-35 m =6 /min  

 

2-36 2-37 LX=35cm

L =45 cm =45 m =5 /min np= 

40 rpm nw

np

2-36 np

np nw
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nw np

2-37

np

nw=40 rpm

nw=40 rpm (nw/np=1)

 

 

  

2-36  

 

   
2-37  
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2.3.5  

 

3

( )

(h(t) g(t) )  

 
2.3.5.1  

 

2-38

Up face  

2-39

2-39 2-38

(LX ,0) X’ a
 (LX,0)

a
X’ = h(t) Y’ = g(t)

(X,Y) X = X’ =
h(t) Y = Y ’= g(t) 

(X,Y) (h(t) g(t) )
 

 
h(t)= (a cos(2 m t )+LX) (2.31) 

g(t)= 0 (2.32) 
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2.38  

 

 
2.39  

 

2-6

 

2-40 LX=0 a =12.5 cm m 
=4 /min np=41 rpm r =10 cm

2-40(a) / nw/np= 1
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2-40(b) / nw/np=1

2-40 15 cm

15 cm

2-40

 

 
2-6  

a(cm) parameter  

m(1/min) parameter  

LX(cm) 0 

Rw(cm) 0 

nw(rpm) parameter 

Rb(cm) 15 

Ra(cm) 0 

np(rpm) 41 

T(min) 1 

 

 
(a) nw/np= 1              (b) nw/np=1 

2-40 r =10 cm  
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2-41 LX=0 a =12.5 cm m 
=11 /min np=41 rpm

/ nw/np

nw/np= 1

(nw/np= 1)  

2-42 2-43 LX=0 a=12.5 

cm np=41 rpm / nw/np = 1

/

2-43 a =12.5 

cm  

  
2-41 /  

  
2-42  
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2-43  
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2.3.5.2  

 
2-44

2.3.4.1

Rb=5 cm Ra=1 cm

 

2-45

(Lx,0)

X’ a  

( ) LX a

m (X,Y )
(h(t) g(t) ) 2.3.4.1  

 
h(t)= (a cos(2 m t)+ LX) (2.33) 

g(t)= 0 (2.34) 

 

 
2.44  
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2.45  

 

2-7

 

2-46 LX=10 cm a =6 cm m 
=15 /min nw=39 rpm np=41 rpm

(r =0 r =7.5 cm r =14 cm)

2-46 5 cm 1 cm 2

10cm 2 cm
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2-7  

 

a(cm) 6  

m(1/min) 15 

LX(cm) parameter  

Rw(cm) 15 

nw(rpm) 39 

Rb(cm) 5 

Ra(cm) 1 

np(rpm) 41 

T(min) 1 

 

 
(a) r =0             (b) r =7.5cm         (c) r =14cm 

2-46 (a =6cm LX=10cm nw=39rpm) 

 

2-47 2-48 a =6 cm m =15 

/min nw=39 rpm np=41 rpm

2-47 LX=8.5 cm 9 cm

9.5 cm 10 cm

2-48

LX=9.5 cm

5%
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2-47  

 

 

2-48  
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2.3.5.3  

 

 

2-49

(

)

 

2-50

( )

(X’,Y’) LX X’ V(t)
 

( ) X’ = V(t) t + LX’  Y’’ =0

(X,Y ) X = X’’= h(t) Y = Y’’= g(t)  
(h(t) g(t) )  

 
h(t)= ( V(t) t +LX ) (2.35) 

g(t)= 0 (2.36)  

 
2-49  
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2-50  

 

2-8

15 cm 12 cm

0.5 cm

14.5 cm

 

 

2-8  

 

V(cm/sec) parameter  

X LX(cm) 30 

np(rpm) 200 

nw(rpm) parameter  

Rb(cm) 15 

Ra(cm) 14.5 

Rw(cm) 15 

T(min) 1 
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2-51 V =0.49 cm/sec X LX=30 cm

np=100 rpm nw=115 rpm

T=6 sec 12 sec 24 sec 36 sec r =10 cm

2-51(a) T =6 

sec 2.9 cm

2-51(b) T =12 sec

5.9 cm 2-51(c) T =24 sec 11.8 cm

2-51(d) T =36 sec 17.68 cm

2-47 r =10 cm

 

2-52 V =0.43 cm/sec X LX=30 cm

np=200 rpm T =1 min

nw 300 mm

T =1 min

25.8 cm 300 mm

2-52

nw=214 rpm 216 rpm 218 rpm

% nw=216 rpm

nw=216 

rpm 1.46%  

2-53 X LX=30 cm np=200 rpm

nw=216 rpm T =1 min

2-53 V =0.41 

cm/sec 0.43 cm/sec 0.46 cm/sec 0.49 cm/sec

%

24.6 cm 25.8 cm

27.6 cm 29.4 cm V =0.49 cm/sec 300 mm

2-53

V=0.43 cm/sec 0.46 cm/sec 0.49 cm/sec
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1.5%

 

np nw V

 

 

 
         (a) T =6 sec (b) T =12 sec 

    
(c) T =24 sec                 (d) T =36 sec 

2-51 r =10 cm  

 



65 
 

 

2-52  

 

2-53  
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2.4  

 
1

 

2.2

t
t

t

 

2.3 Down face Up face

(

)  

 

2-54
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1 (2011) p.161 

[2] “ CMP ” (2001) 

pp.39-60 
[3] “ ”  

1 (1998) pp.158-159 

[4] “ ”

1 (2010) pp.44-78 

[5] “ CMP ” (2001) p.52 

[6] “ ”

1 (2010) p.63 

[7] 

 C-529 (1991) 

[8] “ ”

1 (2010) pp.44-51 

[9] 4858798 “

” ( )  

[10] 1999 p.245 (1999) 

[11] “ ” (2006)  p.220 

[12] “ ”  

1 (2011) pp.185-186 

[13] “ ”

1 (2010) pp.84-85 
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3.1  

 
CMP (Chemical Mechanical Polishing) 

CMP

( )

 

300 mm

[1]

100 mm

(sweep)
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3.2 2

 

3.3
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3.2  

 

 

CMP

m

mm

 

r
Hn(r) t
n t  

 
Hn(r) = Hn-1(r) +  P0 (1+E hn 1/P0) L(r) (2.17) 

 

E P0

Hn-1(r) (n-1) t hn 1

L(r) r (

)  

3-1 [2]
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(a)                  (b)  

3-1  

 

(2.17)

 

 

3.2.1  

 
(1)  

r
r 3-2

3-2

d 3-2 Ow Op

Ow
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p Ow Lx Op

p

h(t)=Lx

g(t)=0  

Op

(x,y) 2.2.2  

 
x(t) = R(t) cos[ (t) p t ] (2.5) 

y(t) = R(t) sin[ (t) p t ] (2.6) 

 
R(t) (t)  

 

R(t) = (X(t)2+Y(t)2)1/2  (2.3) 

    (t) = cos-1[X(t)/R(t) ] (2.4) 

 

X(t) Y(t)  

 
X(t) = r cos( w t )  Lx (3.1) 

    Y(t) = r sin( w t ) (3.2) 

 

(2.5) (2.6) T
(2.14)  

 

L(r) =  v(r,t) dt  

 = Lk =  [ ( xk)2 +( yk)2 )]1/2 (2.14) 

 

Op

R(t) R(t) > D
L=0 R(t) > D R(t) <d

Lk=0

0 
T 

k=0 

n 
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3.2  

 

3-1

 

3-3 1

(r =8 cm)

 

 

3-1  

   

nw (rpm) 60 60 

np (rpm) 59 59 

Lx (cm) 80 80 

D (cm) 10 10 

d (cm) 0 6 

T(min) 1 1 
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3-3 1  

 

(2)  

r
(2.17)

t
 

 

Hn(r) = Hn-1(r) +  P0 (1+E hn/P0) L(r)    (2.17) 

 

Preston P0

Hn-1(r) n 1 hn n 1

 

hn

n  

 

n = (ř r) tan n (3.3) 

 
tan n n 1 ř

1/2 (2.17)
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Hn(r) = Hn-1(r) +  P0 (1+E ( n+ hn)/P0) L(r) (3.4) 

 

3-4 z

3-4(a)

3-4(b)

3-4(b) r
 

 
3-4 z  

 

3-5 (3.4) 1

3-2 3-2

E

2.45(kPa/ m)

0.25

P0  

3-5 t 6 (3.4) 10

Hn n

t 3-5

3-5(a)

3-5(b)

3-5 H1
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(H1 6 P0 )

2

6

3-3 1

2 3-5

3-6

 

 

3-2  

   

T(sec) 6 6 

P0 (kPa) 2.15 2.78 

( m/min) 3.45 3.34 

P0( m/cm) 0.0061 0.0096 

E(kPa/ m) 9.8 

 

 
(a) (b)  

3-5  
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(a) (b)  

3-6  

( ) 

 

3.2.2  

 

( NF300 )

300 mm

 

3-7

80 mm

10 m /min

250 mm

70 mm

100 mm 100 mm 60 mm

180
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60

3-3 3-3

4  

 

3-3  

  

 250mm 70mm  

 100mm  

100 60mm  

 2.15kPa 

2.78kPa 

 60rpm 

 59rpm 

 60min 120min 180mim 

( )  

 10m /min 

 
3-7  
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3-8 3-9

3-8 3-9

( )

 

3-10 3-11

3-10

3-11

 

 

 
3-8  
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3-9  

 
3-10  

 

 
3-11  
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3.2.3  

 
3-12

( )

60 120 180

1 H10 (

) 3-12

2

2

3-3 1

(r =12.5 cm)

(r =3.5 cm) (r =12.5 

cm) (r =8 cm) 2
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3-12  
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3.3  

 
LSI

[3]  

 

3.3.1  

 

LSI

CMP

200 mm

500 600 mm 300 mm 750

800 mm 100 mm

 

3-13

( )

( )

3-13

(in-situ

)  

10
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( )

( )

 

3-4

 

 

 

3-4  

No. 1 2 3 4 5 6 7 8 9 10 

t 20.5% 9.0% 7.4% 6.7% 6.4% 6.4% 6.7% 7.4% 9.0% 20.5% 

 

3-13  
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3.3.2  

 
CMP

10 ( )

( )

 

2

2.3.4

2.3.4.2

 

 

3-14
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3-14  

 

(1)  

3-15

(LX,0) a
3-15 z0 z10 0

10

z0 3.8 cm 200 mm

z10 21.6 cm 300 mm z10 34.5 

cm 3-5  
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3-5  

 200mm (cm) 300mm (cm) 
     

0 3.8  3.8  

1 5.6 4.7 6.9 5.3 

2 7.4 6.5 9.9 8.4 

3 9.1 8.3 13.0 11.4 

4 10.9 10.0 16.0 14.5 

5 12.7 11.8 19.1 17.5 

6 14.5 13.6 22.1 20.6 

7 16.3 15.4 25.1 23.6 

8 18.0 17.1 28.2 26.7 

9 19.8 18.9 31.2 29.7 

10 21.6 20.7 34.5 32.8 

 

 
3.15  

 
(2)  

(3.4) (3.5)

(Lx,0) a m (2.5)

(2.6)
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(2.14)

 

 

h(t)=Lx a sin(2 m t ) (3.4) 

g(t)=0 (3.5) 

 
200 mm 300 mm

100 80 mm 100 60 mm

100 mm

3

 

3-6 3-6

3-16 3-17 3-16 3-17

( 3-16 12.7 cm 3-17

19.1 cm ) 3

4 3-16 3-17

3-17
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3-6  

 200mm  300mm  

(cm) 52 75 

D d (cm) 10 8 

10 6 

10 0 

10 8 

10 6 

10 0 

nw (rpm) 97 97 

np (rpm) 83 83 

a (cm) 8.9 15.2 

L x(cm) 12.7 19.1 

m (1/min) 3 3 

T(min) 1 1 

 

 

3-16  200 mm  
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3-17  300 mm  

 

 

(3)  

3-7

3-7 200 mm 100 80 mm

100%

3-7
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3-7  

 

 

(cm)  

 

 

 

 

1 4.7 1.03 20.5% 19.4% 

2 6.5 0.92 9.0% 7.7% 

3 8.3 0.62 7.4% 4.2% 

4 10.0 1.02 6.7% 6.3% 

5 11.8 1.18 6.4% 7.0% 

6 13.6 1.22 6.4% 7.2% 

7 15.4 1.11 6.7% 6.8% 

8 17.1 0.85 7.4% 5.8% 

9 18.9 1.15 9.0% 9.6% 

10 20.7 1.37 20.5% 25.9% 
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3.3.3  

 

 

 

(1)  

200 mm (Applied materials

3400 ) 

3.13

3.15

520 mm

100 80 mm

3-8 3-8

3-6

3-9
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3-8  

  

 520mm  

 100 80mm  

 97rpm 

 83rpm 

 127mm 

 89mm 

 3/min 

 30min 90min 150mim 

45min 75min 135min 

  

 125m /min 

 

3-9  

 

 

(cm) 

 

 

 

 

1 4.7 20.5% 19.4% 

2 6.5 9.0% 7.7% 

3 8.3 7.4% 4.2% 

4 10.0 6.7% 6.3% 

5 11.8 6.4% 7.0% 

6 13.6 6.4% 7.2% 

7 15.4 6.7% 6.8% 

8 17.1 7.4% 5.8% 

9 18.9 9.0% 9.6% 

10 20.7 20.5% 25.9% 
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(2)  

3-18 3-19 3-9

3-18

3-19

 

( )

 

 



97 
 

 

3-18  

        ( ) 

 

3-19  

( ) 
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3.4  

 

2

 

3.2

 

3.3
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3  

 

[1] S.Lee, S.Jeong, H.Lee, J.Park, M.Kionshita, and H.Jeong, Proc. 

International Conference on Planarization/CMP Technology, 

pp.333-338 (2009)  
[2] “ CMP ” p.211 

(2008)  
[3] “ CMP ” pp.56-65 

(2008)  
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4  
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4.1  

 
LSI Al

Al

CMP (Chemical Mechanical Polishing) 

CMP

 

CMP

[1]  

10 wt% (

)

(SiO2) (CeO2)

(ZeO2) (Al2O3) 1 m

LSI

CMP

2

[2]  

[3]
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LSI Al

CMP

 

4.2

4.3

200 mm PTEOS

4.4

PTEOS  

4.5

LSI

Al
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4.2  

 

CMP

CMP CMP

70%

CMP

60% [4]

CMP

( )

[5]

[6]

1
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4.2.1 

4-1 [7]

4-1

3

 

4-2

4-2 2 PET (Polyethylene Terephthalate) 

( )

(

) 

 

4-3
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4-1 
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4-2 

4-3  

[8] 0.8 m 40 wt%

95 wt% 5 wt%

0.3 mm 3

1 mm

300 mm

A B

C  

A 70

m 4-3 300 mm 3 mm

AA AB

AC  
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4.1

PET

4-2

AB

4-4 29.4 kPa

T1 137.2 kPa

T2 29.4 kPa 

T2 T

(T2 / T1) ( T/ T2) AB 0.1 %

100 %

1/4.5  

4-1  

 

  

  

A 95wt%   

B 95wt%   

C 95wt%   

AA 90wt%   

AB 90wt%   

AC 90wt%   

 

4-2 

AB

(g/cm3) 2.4 

 T1 (mm) 3.27 1.51

T2 ( m) 2 22

T ( m) 2 9

T2 / T1 (%) 0.1 1.5
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T/ T2(%) 100 41

4-4 

4.2.2

4-5 (

NF300 ) 300 mm

( ) 100 mm 3

1 m PTEOS (Plasma Tetra-  

Ethoxysilane) 200mm 18x18 mm

(SENNTECH  FTP500)

0.8 m

40 wt% 0.5 wt%

1 wt% 2 wt%

4-3
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4-5 

4-3  

 1 m PTEOS (18x18mm ) 

 39.2kPa 

 40rpm 

 36rpm 

  

 10mL/min 

 1min 

 

4-6 4.9 kPa

A B C 4.9 kPa

3 1

A 90 nm/min B C

4-7

SEM  4-7 (a)

4-7 (b)

4-7 (c)
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PTEOS

 

4-8 0.5 wt% 39.2 

kPa AA AB AC

AB

4-8

4-6 A B C
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(a) (b)

(c)  

4-7 SEM

4-8 
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4-9 AB

0.5 wt% 1 wt% 2 wt%

AB

2

AB

0.5 wt% 1 wt% 2 wt%

AB

4-10 AB

4-10

2 wt% 3

PTEOS  

4-11

 

4-4

4-4

0.26 wt%

3 4
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4-9 

4-10 AB

4-11 
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4-4 

0 0.5wt% 1wt% 2wt%

0.26wt% 1.45wt% 1.9wt% 2.75wt%

0.26wt% 0.96wt% 0.90wt% 0.75wt%

AB 50 nm/min

4-12

4-10 4-11

4-9 4-12

4-12

AB

AB
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4-12 

 (PV 20 nm) 

[9]

(3 25 kPa)

[10],[11]

[12]  



117 
 

4.3  

 

 

2.3.4.3

2.3.4.3

( )

 

[13], [14]  

4-13

200 mm

 

200 mm 160 mm

20 mm 90 wt% 0.8

m ( ) 4-14

4-14
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4-13  

4-14  

4-15 3 PTEOS (Plasma 

Tetra- Ethoxysilane) PTEOS (

) 4-15 1 m PTEOS

200 mm 1 PTEOS

4-15

4-15 PTEOS

500 nm/min

 

4-16 2.3.4.3

200 mm

200 mm 189 mm

(np) 250 rpm (nw)
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263 rpm (V ) 0.3 cm/sec

4-15

 

4-15 4-16

0.3 cm/sec 1 18 cm

1

8 cm 2.3.4.3

 

4-17 4-17

20 mm

3 mm PTEOS

4-17 3.4 cm/min

20 cm 4-17

8 mm

11 mm
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4-15  

4-16 

4-17 
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4.4 

( )  

200 mm PTEOS 

(Plasma Tetra- Ethoxysilane) 

[15]

 

4.4.1  

4-5 (

NF300 ) 300 mm 3 mm

PTEOS 200 mm 18 mm x 18 

mm 100 mm

3 PTEOS

0.2 m
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74 wt%

(

IM-3SCV)

100 mm x 100 mm

4-18

2630

6.5 wt% 5

 

300 mm 3 mm

100 

rpm

 

4-19 4-19

4.7 PTEOS

( ) 7030

22 nm/min

2500 133 nm/min  

4-18 4-19

PTEOS SiO2
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4-7  

 1 m PTEOS (18x18mm ) 

 39.2kPa 

 40rpm 

 36rpm 

  

 1min 

4-18 

4-19  
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4.4.2 

 ( MAT AT-ARW-681MS) 200 mm

PTEOS ( Plasma Tetra-Ethoxysilane) 

600 mm

3 mm 0.2 m

74 wt% 2.4 g/cm3

1 wt%

4-8 

0.2 m

PTEOS (

7200 ) 21

SPI

( KAL-Tencor )  

 

4-8  

 1 m PTEOS ( 200mm ) 

 39.2kPa 

 40rpm 

 36rpm 

 1min 

4-20 1 wt%

4-20
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15

100 rpm 4

5

3000

 

4-20 57 nm/min

1 

wt% 301 nm/min

35%

400 nm/min

4. 9%

 

4-9 4-9

1/2

[16]

4-9
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4-20  

 
4-9  

27 407nm

22 402nm

50 301nm

23 57nm
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4.5   

 

LSI Al

Al

LSI Al Al RIE 

(Reactive Ion Etching) 

CMP

 

4-21 Al [17]

4-21 Al

 

Al 2 mm 50 m

L&S (Line and Space) 

Al Al

Al

CMP
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4-22

in-situ

 

 

4-21 Al  
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4-22  

 

4.5.1

 ( Applied materials

MIRRA-3400) 200 mm Al

[18] Al

TEG (Test Element Group) Al

L&S ( Line and Space) 

PTEOS  

540 mm 0.2 m

74 wt%

2 mm

4-23

100 mm

3.3

(

) (

)  

2.4 g/cm3 74 wt%
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540 mm 1 m/min

0.4 g/min 50 mL/min

0.8 wt%

4-24 PTEOS

4-24 93 rpm 90 rpm 5 psi 

(34.5kPa) 1 50 mL/min

4-24

300 nm/min

2 m/min

2.5 mm 1250  

 

 
4-23 

 

 
4-24  
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4-25 93 rpm 90 rpm

5 psi (34.5kPa) 1 50 mL/min

2 m/min TEG

TEG

2000 m 50 m L&S (Line and Space) 

TEG

4-25 PTEOS

300 nm/min TEG 40

80 120 2000 mL&S 50 mL&S

PTEOS 200 

nm 400 nm 600 nm 4-25

600 nm L&S

 

4-26 4-26 4-25

L&S L&S

L&S

4-26

200 nm

400 nm

0.12 m 600 nm

0.2 m L&S

 

CMP

L&S

L&S

0.2 m
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4.25  

 

4.26  

 

4.5.2  

 

Al

TEG 0.8 m 0.2

m
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4-27 2 m/min

SEM PET

4-27

 

4-28 3 ( SE3500K) 

3 2 m/min

6 m/min

2 m/min P-V (Peak to Valley) 

41 m 6 m/min P-V 77

m  

 

 
(a) SEM (b) SEM  

4-27 SEM  

 

 
(a) 2 m/min (b) 6 m/min 

4-28 3  
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4-29 2 4-29

4-28 3 2

Peak

4-29

50% Z=0

Valley 100%  

4.30 3 Z

2 m/min 6 m/min

4.30

 

4-31 4-31 Peak

Peak

4-31 5%

2 m/min 9.7 m

6 m/min

20 m 2.5%

6.8 m 14.4 m

 

4-32 2 m/min 6 m/min

TEG

L&S 6 m/min

500 m L&S

500 m L&S

 

CMP

[19],[20]
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4-29 2  

 

 

4-30  
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4-31  

 

  
(a) 2 m/min (b) 6 m/min 

4-32  
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4.6  

 
LSI Al

Al

 

4.2

 

4.3

 

4.4

4.5

Al 2000m 50 m L&S

0.2 m Al
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[1] “ ”
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5  

 

Cu  
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5.1  

 
CMP (Chemical Mechanical Polishing) LSI

LSI

Cu  (low-k )

[1] low-k

Cu-CMP Cu

Cu

 (e-CMP : electro-Chemical Mechanical 

Polishing) [2] [7]  

Cu e-CMP

5.2

 (ECP : 

Electro-Chemical Polishing) Cu

e-CMP ECP

e-CMP 5.3

5.4 LSI Cu

e-CMP

5.5 LSI 3

Hybrid CMP/e-CMP  
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5.2  

 

 (ECP) LSI Cu

ECP Cu

 (e-CMP) ECP

e-CMP

 

 
5.2.1  

 

ECP

ECP Cu

 

Cu  ( ) 

 ( ) Cu

Cu Cu

 ( ) Cu Cu

 ( ) 

Cu

Cu Cu

5-1 Cu 5-1  

Cu

Cu Cu  
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5-1  Cu  

 
Cu (5.1) 2

F (96485 A sec) 2F 1 mol Cu

Cu  

 

Cu  Cu2+ + 2e-   (5.1) 

 

Cu R ( m/min) Cu M (63.5g)

Cu (8.9g/cm3) i (A/cm2) (5.2)

 

 

R = (M /2F ) i = 22.02 i (5.2) 

 
Cu2+ J (mol/cm2/sec) 

Cu2+

Cu2+ Cx (mol/cm3) Cu2+ D (1/cm2 1/sec)

(cm) (5.3)

[8]  

 
J = D (dCx /dx)x=0 = D C / (5.3) 

 
x (cm) Cu C Cu
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Cu2+ 1 mol Cu2+

2F i (5.4)  

 

i = 2F J = 2F D C /     (5.4) 

 
(5.2) (5.4) Cu R ( m/min) (5.5)

C
K (=D M C / )  

 

R = (D M C / ) (1/ ) = K/ (5.5) 

 

5-2 Cu

H Cu Cu H
Cu Cu2+ C

(5.5) Cu RT Cu

RF H
t H(t)

dH(t)/dt Cu RT  Cu

RF (5.6)  

 

dH(t)/dt = RT RF  K (1/( +H(t) 1/ ) (5.6) 

 

(5.6) Ht=0=H0 ( ) (5.7)  

 

/H0 = (1 h) Ln(h)   (5.7) 

 
Cu Cu =K t / h

h =H /H0 = /H0  

(5.7) 5-3 5.3

2 ( =2)
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10 2

 ( =0.25) 

(5.4)

i Cu2+ Cu

Cu2+ C

i Cu Cu2+

C

 

LSI Cu Cu

Cu

ECP Cu

Cu Cu

[9]

 

 

 

5-2  Cu  
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5-3   
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5.2.2  

 
 (ECP) Cu Cu2+

 (e-CMP) 

Cu Cu  ( ) 

Cu Cu Cu

e-CMP ECD Cu

 

Cu

Cu Cu (5.8)

(5.9) Cu Cu

Cu n 1

2  

 

Cu  Cun+ + ne- (5.8) 

Cun+ + A  CuA    (5.9) 

 

A CuA Cu  

5-4 e-CMP

5-4 Cu

5-4(a) Cu

5-4(b) Cu Cu

Cu 5-4(c) Cu Cu

Cu

5-4(a) (c) Cu Cu

Cu

5-4(d)  
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5-4 e-CMP  

 

Cu

Cu

pH

[10]  

Cu-CMP BTA (Benzotriazole:C6H4N3H) 

(H2NH2COOH) CuO Cu

BTA Cu2O Cu BTA

Cu Cu-BTA

[11]  

BTA

e-CMP

[12] BTA

BTA

Cu  ( ) e-CMP

Cu 5-5

5-5 Cu

18.46  

Cu 2 Cu

 ( m/min) (5.2) (5.2) 22.02

Cu 2

 

Cu-BAT 1 BTA
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Cu

2 Cu Cu

e-CMP 5-6

5-6(a) Cu Cu-BAT

5-6(b) Cu Cu

Cu Cu

Cu Cu

5-6(c) Cu Cu

5-6(d)  

Cu Cu-BAT Cu2+

Cu Cu-BAT

Cu Cu

Cu Cu Cu2+

Cu-BAT Cu

Cu BTA

 

Cu-BAT e-CMP Cu

Cu 5-5

Cu 3.5 m/min

BTA

Cu
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5-5 Cu  

 

 

5-6  Cu-BTA e-CMP  
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5.3  

 
 (e-CMP) Cu

Cu Cu  (Cu

) e-CMP

Cu 300 mm

e-CMP

e-CMP Cu

 

 

CMP

Cu

 ( ) Cu

Cu

Cu

Cu

 

Cu

 

5-7 e-CMP

Cu

Cu
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Cu Cu

 

5-7(a) [13]

e-CMP

Cu

Cu

Cu

Cu

Cu  

5-4(b) 5-7(a)

[14]

CMP

Cu

Cu  

5-7(c) 5-4(b)

Cu [15]

Cu Cu

Cu Cu

Cu

 

5-7(d) [16]

Cu

 ( ) Cu
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Cu

 ( ) 2

Cu (5.8) (5.11)

 

 
2H2O  4H+ + O2 + 4e- ( )  (5.8) 

4H+ + 4e-  2H2  ( Cu ) (5.9) 

2Cu  2Cu2+ + 4e- ( Cu ) (5.10) 

4H+ + 4e-  2H2 ( )  (5.11) 

 

5-7(a) (c) Cu

5-7(d)

Cu

Cu

 

5-7(c) 5-7(d)

Cu

Cu Cu

Cu Cu

Cu  

5-7(d) 5-7(b)

5-7(c)
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(a)        (b)  

 

 

 (c) (d)  

 

5-7 e-CMP  
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5.4  

 
LSI

LSI Cu low-k

 

Cu

Cu

Cu

Cu

low-k

CMP

 (e-CMP) 

 

LSI Cu

e-CMP

 

 
5.4.1 LSI Cu  

 

LSI Cu

 

(Thinning)  (Dishing)  (Erosion) 

5-8 [17]
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L&S (Line and Space) Cu

Cu

Cu

L&S

 

Cu

Cu Cu

Cu

Cu

 

 

 
5-8  
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5.4.2 Cu  

 
Cu  (e-CMP) 

Cu Cu

Cu Cu

5.2 BTA Cu Cu

( ) 

 

45 nm LSI

1.8 Cu/low-k 300 

mm TEG e-CMP [18]  

 

(1)   

5-14

CMP

 

5-15

Cu

Cu Cu



159 
 

Cu

(5.8) (5.11)

5-15

Cu

( )

 

BTA 

(Benzotriazole:C6H4N3H) Cu

Cu

Cu

Cu Cu e-CMP

 

r

[19]  

 

w2 = K/( 2 r) (5.12) 

 
w r K
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(5.12)

100 rpm 100 rpm

e-CMP 100 rpm

100 rpm

 

5-16 300 mm

5-16

 

(5.8) (5.11)

 

 

 

5-14  
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5-15  

 

 

 

 

 

 

 

 

   

5-16  

 

(2)   

 (e-CMP) Cu Cu

Cu Cu

BTA

BTA

Cu



162 
 

 

5-17 300 mm Cu  (e-CMP) 

Cu

5-17

89% 50 A 1.4 m/min

5%  

5-18 20 A Cu 200

600 nm/min

 (WTWNU: wafer to wafer non-uniformity) 1.2%

 

5-19 5-19(a) 300 mm

10 A 10 90

100 mL&S 10 mL&S

5-19(a) 300 mm Cu

330 nm/min Cu

Cu 330 nm (60 ) 100 m L&S

10 m L&S 270 nm Cu

385 nm 100 m L&S 440 nm

10 m L&S

Cu

5-19(b) Cu

Cu

Cu Cu

5-19(a)

100 m 

L&S 270 nm Cu 300 nm

385 nm
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85 nm

[6]  

 

 

 

 

 

 

 

 

5-17  

 
5-18  

 
(a)    (b) Cu  

5-19   
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5.5  

 
 (e-CMP) 

Cu

Cu

Cu

e-CMP

 

LSI 3

TSV (Through Silicon Via) e-CMP

 

LSI 1000

LSI  ( 10 ) 

LSI 22 nm

LSI

LSI

3

3 LSI

TSV 3

[20] [24]

LSI LSI

 

3 LSI  (

) LSI  (

) [25],[26]

WoW (Wafer on Wafer) 

TSV  (RDL : Redistribution Layer) 
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LSI

 

WoW Cu TSV

e-CMP

[27],[28]  

 
5.5.1  WoW  

 

5-20 WoW WoW

 (Thinning) 

TSV 5-20(a) (Bonding)

LSI

10 20 m

5-20(b)

BCB (Benzocycrobutene) 5-20(c)

TSV 5-20(d,e)

TSV

RDL (TSV etching) 5-20(f) Cu

(Metal filling) 5-20(g) Cu

(Planarization)

TSV 3

LSI  

5-21 WoW 2

5-21(a)

20 m  (Si#2)  (Si#1) 

TSV Si#2 Metal pad Si#1 Metal pad

TSV Si#2 20 m Cu

8 15 m 5-21(b)

Cu TiN (Titanium Nitride) 

Metal pad Cu Si#2  (ILD)
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5.20  WoW  

 

 
(a) (b)  

5.21  
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5.5.2 Hybrid CMP/e-CMP  

 
WoW TSV

Cu Cu

Cu

 

e-CMP  

2 e-CMP

e-CMP

Cu Cu

Cu-CMP

CMP e-CMP Hybrid CMP/e-CMP

 

5-22 Hybrid CMP/e-CMP

5-22 e-CMP Cu

 (EPD : Endpoint Detection) OFF

e-CMP Cu-CMP

Cu TiN

e-CMP

 ( 60A 3.5

m/min)  ( 8A 0.5 m/min) 2

e-CMP

Cu-CMP

BTA

Cu TiN OFF

 

e-CMP Cu Cu
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5-23 2

e-CMP 5-23

60 A 8 A

18 V 5.5 V Cu

13 V

Cu CMP

 

 

 
5-22 Hybrid CMP/e-CMP  
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5-23 e-CMP  

 

5.5.3 Hybrid CMP/e-CMP  

 

5-24 200 mm 3 Cu

e-CMP Cu

5-24 Cu 0.5 psi 

(3.45kPa) 60 A 8 A 2 e-CMP

6 V Cu

Cu 8 m

0.6 m e-CMP Cu 0.9

m Cu  

5-25 e-CMP

5-25 Cu

Metal pad

Cu 0.9 m CMP

 

5-26 5.7 V Hybrid 

CMP/e-CMP 200 x 200 m

Metal pad

Cu-CMP
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5-26 Cu 12 m

1.5 m 2 Hybrid 

CMP/e-CMP Cu-CPM

Hybrid CMP/e-CMP

0.5 psi (3.45kPa) 

60 A 8 A 2 e-CMP Cu-CMP

Cu Cu-CMP

3 psi (20.7kPa) Cu 0.7 m/min

24  

Cu-CPM 400

800 nm

200 nm Hybrid CMP/e-CMP

Hybrid CMP/e-CMP

OFF Cu TiN

6 Cu-CPM

24  

 

 
5-24 e-CMP Cu  
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5-25 e-CMP  

 

 
5-26  200 x 200 m Metal pad  

 

5.5.4 Cu TSV  

 
WoW 20 m  (Si#2) 

 (Si#1) Si#2 BCB

TSV Metal pad

BCB

TSV

 ( ) 

Si#1 Metal pad Cu  (Residual 
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Cu) Si#2 Cu

 

5-27 BCB Cu

5-27(a) 2 Si#2

Si#1 Metal pad Si#2 Cu Si#1 Metal 

pad

5-27(b) Cu

Si#2 Cu

Cu Cu

Si#1 Metal pad BCB

Si#2

Cu Cu

 

 

 

 

 

 

 

 

 

 

 
5-27  BCB Cu  

 

WoW Metal pad

5-28 200 x 200 

m Metal pad

5-28 BCB 2 m

200 x 200 m Metal pad



173 
 

2 m BCB

Metal pad Metal 

pad 5-28

5-28

200 nm

 

5-29 Metal pad

5-29 2

Metal pad

2

200 x 200 m Metal pad BCB

SEM SEM 200 nm

BCB

Metal pad BCB

 

BCB

BCB 2 m

TSV BCB

2 m  BCB

Metal pad 200 nm

200 x 200 m2 Metal pad

 

3 m/min Cu-CMP TSV

[29] [31]

200 x 200 m2 Metal 

pad 200 nm

WoW Cu

TSV 3.5 m/min Hybrid 

CMP/e-CMP

200 nm
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BCB TSV

 

 

 
5-28  

 

 

 

 

 

 

 

 

 

 

 

5-29  Metal pad  
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5.6  

 
Cu Cu

 (e-CMP) 

e-CMP Cu

Cu Cu

Cu

e-CMP

e-CMP e-CMP

Cu-CMP Hybrid CMP/e-CMP

e-CMP  

5.2

Cu-BTA

Cu  

5.3 CMP

Cu

2

Cu

Cu Cu

 

5.4 LSI

Cu

BTA

200

1.2%
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1.8

100 m L&S

270 nm Cu 300 nm

 

5.5 LSI

3

Hybrid CMP/e-CMP

Hybrid CMP/e-CMP

Cu e-CMP

Cu Cu-CMP

Hybrid CMP/e-CMP Cu

3 LSI

3 LSI Cu

TSV Hybrid CMP/e-CMP

 ( 3.5μm/min) 

TSV  
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