3

1056003



11

12

13
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2.2

2.3

24

2.5

2.6

31

3.2

3.3

34

35

pH



4.1

4.2

4.3

4.4

4.5

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6.1

6.2



1.1

IBM Kaufman

1991
CMOS
CMP
RIE
PSG
SOG
um
3)
LSl
CMP

CMP

(CMP)

1

BPSG

CMP

LS

2)

CMP

LS

LS

um



RIE

(@
ECR
b) CVD RF CVD
SOG(Spin on Glass) (FB
©) )
CVD
(d)
2 k1:0.5
NA 0.55 0.60 065
248nm 0.23 0.21 019
193nm 0.18 0.16 015




1.2

CMP

NA

NA

CMP

4

A

ki A /NA ko A INA2

2 k]_: 0.5

CMP

CMP 1

CMP



1 CMP

2 CMP



1.3

CMP

6)

5)

M=k p v t

CMP

1)

CMP

pH






1.4

CMP

(STI)

7)

CMP

CMP

KOH

1960

CeO;

8)

Kaler

CeO;

CMP

(ILD)

10



(mm®/5,000rev)

0.5

0.4

0.3

0.2

0.1

Fe,0,

> Ceo2

Cr,0,4
TiO,
Zro,

SNn0O,(1000 )
Al,0,(1000
[

® AlLO,

B,C

[ee]
©

10

11



CMP

CMP

CMP

10nm 20nm

9)

12

CMP

CMP

CMP



ML Eptlr "‘-‘-m Oel WD |__.| :_
150 kv 3.0 18000 GSE 108 B

15.0kV X300,000 10nm WD 3.Tmm
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Defects (counts/wafer)

300

250 -

200 -

150 -

100

50 r

-2 — Sy
/¥ Ir A B

FUF—4 -
" SE
/T ﬁﬂ?j'{ J ;jh:[} UT
S0k >
S uirob BbEEE

A
)
A
° @ Defects (counts/wafer)
A Rms (nm)
Colloidal Silica Fumed Silica
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0.4

4 03

4 02

4 01

Rms (nm)



pH 10 11

CMP

10)

CMP

15

CMP



Nodular

TMOS

(W) CMP

11)

TEOS

16

CMP

11

CMP

2001

TMOS

CMP

W CMP

CMP

10



10

lon exchange

Spherical
Colloidal

Organic silicate Tetra-chloro-silane
OR Cl
| |
RO™ | ol |
OR Cl
R=CH;or C,Hg
|
Sol-gel
Nodul
Nodular H,, O,purge

Fumed

it

11

17




Cu CMP

(Low-K)

Cu
Cu

2ps

18

Cu

Cu CMP

12)
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CMP

CMP

CMP

13)

10,000G
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2.2

12 SEM
FE-SEM
ESEM
14)
ppm
lum 1,000,000 /0.5cc
15)
0.5um 1.0um 1.0pm 2.0pum
3
29% pH 100 105 10.7
10% 1.25mPa
S 155nm 13
0.18m
0.1m
0.1m HOLIBA
LA910 PSS Accusizer 780A

20



A Ed:.][ """F" Dol WD l—l 2_.
150 kv 8,0° 16000 GSE 108 545 Mg

SEI 150kV X300,000 10nm WD 3.1mm

FE-SEM E-SEM
12
3
pH Silica solid concentration (%) Viscosity (mPa s) Median particle size (nm)
10.0 10.01 1.25 155
10.5 10.04 1.25 156
10.7 10.04 1.24 155

21



Measurement of large particle
count and silica solid concentration

v

Sampling tube Slurry samples

CMP test

—— —— Polypropylene bottle

A 4

M easurement of removal rate

l? surface roughness, total defect count

0Imi | | b CMP durry for polishing

-¥. --1__¥__// . .
‘ N Sedimentation layer

13

22



185

2.3

2-(1) 2-(2) 16)

U= 187

o _ 2R
< adn > ~3d, N7

dy(Po—pn)g

U iREEERE.  dp i fTE po: RTT—DIE, pp: YIHOELRE

n: AT —ORE, <Ay>: IEEGEE. R AEER

N: 7 F o

23
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102

103

104

105

106

107

Particle displacement (m/s)

108

109

10 -10

™

Critical particle size

102

103 F

Sedimentation time (days)

100 |

101

15

102 i

10t

101 100
Particle size (um)

pH 10.7

101

Slurry depth of the

/ experimental condition

10-2

101 100
Slurry depth (m)

24

101

10-2

103

104

105

106

107

108

10-°

10 -10

Sedimentation velocity (m/s)



15

Iym

13

0%

7

14 pH 10.7
Ium
lum
Ium
17
0.5um 1.0pm

40%

1.1um

14

11um 1.1um

11um

25

Ium

2-(1)

Iym
13

2.3

16  0.5um 1.0pm

1.0pm 2.0pum

0.5um 1.0um
1.0pm 2.0pm

95% 7 99%



2x107
-&-pH10.0
—e—pH10.5
g_ -e-pH10.7
S
i
2 P
3
S © 1x107 [
£ §
c
3 8
8 ~
2
L
0
0 1 2 3 4 5 6 7
Settlement time (days)
16 0.5um 1.0pum
2x1068
-&-pH10.0
g ——pH10.5
o
o -e-pH10.7
8
S
T
e £
— ’\'C)
53
= v 1x106 [
g2
g5
o8
2
[«5)
(=]
®
-
0 —
0 1 2 3 4 5 6 7

Settlement time (days)

17 1.0pum 2.0um
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1.1um

pH10.0 105 10.7

pH
pH
24
18 19
7
10%
ppm lum
20
lum
1um 1,000,000 /0.5cc 4
7 7 1pm 99%
2000 / 0.5cc
Ium 7
99%
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11.00

28

-= pH10.0
——pH10.5
— B —o-pH10.7
S 10.50 P
c
=)
&
g 10.00 .:.:.E.E.; L= = |
38
=
8
8
@ 950 |
9.00
0 1 2 3 4 5 6 7 8
Settlement time (days)
18
50
—o— Unsettled (Oday)
—& Settlement (4days)
40 1 —e— Settlement (7days)
L3t
o)
o
5
I 20t
10 |
0
0.0 01 1.0
Particle size (um)
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Large particle count over 1.0um

( counts/5x10"'m*)

10000
. - - - Unsettled (Oday)
‘.I Settlement (4days)
8000 I —— Settlement (7days)
6000 |
4000 |+
2000 |
0 el R g
10 2.0 3.0
Particle size (um)
20 1um
190
<
(S
|5
c
Q
B
© 150 |
3
I
140
- pH10.0
130 —-pH10.5
-e-pH10.7
120 ‘
0 1 2 3 4 5 6 7 8
Settlement time (days)
21

29



2.5

CMP
800nm  p-TEOS
|C1400-kgroove
8inch 6DS-SP CMP
CMP Ontrak
AFT5100
AFM
Rms
KLA —Tencor AIT-1
0.2um
pH10.0 105 10.7
7
CMP pH 10.7
7 01 4 7
21
pH
17)
pH 10.7 173nm/min
7 171nm/min

lum

22

30



Rms (nm)

22

Rms (nm)

0.45

0.40

0.35

0.30

0.25

0.20

0.40

0.38

0.36

0.34

0.32

0.30

0.28

0.26

0.24

0.22

0.20

108

23

Rms

lum

31

—&— Surface roughness (Rms)
| --®-- L arge particle count over 1.0um | | 107
_ 10 6
_ 10 5
B 10 4
103
0 3 4 5 6 7 8
Settlement time (days)
Iym
103 104 105 106
Large particle count over 1.0um
(counts/5x10'm°)

Large particle count over 1.0um

(counts/5x10 'm’)



Ium

520,000 /0.5cc Rms 0.37nm 7

3500 / 0.5cc

Rms 0.22nm

Rms 0.2nm 18)
0.2nm Rms
23 Rms lum Rms
Ium
Rms
7 CMP
AFM AFM
7
25
Ium
lum 520,000 / 0.5cc
1036 / wafer 7
lum 3500 /0.5cc 67 [wafer
26

32

lum

Ium

24

Iym



24

Total defect count (counts/wafer)

AFM

1200

8 &8 8 B

g

25

20.0

20.0 0

(nm)

—a— Total defect count

--®-- Large particle count over 1.0um

3 4 5 6 7
Settlement time (days)

Iym

33

108

107

106

10°

104

103

CMP

Large particle count over 1.0um
(counts/5x10'm?°)

20.0

20.0

(nm)



Total defect count (counts/wafer)

1200

1000

800

600

200

103 104 105
Large particle count over 1.0um
(counts/5x107'm®)
26 Ium

34

106



2.6

Ium Ium
CMP
ppm
2
1 11y m
2.
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31

27 TEM SEM

Wrschka 28

(20)

(21)

S (OCH3)4 + 2H,0 - SO, + 4CH3;0OH

37

(19



9::«

$ o9

200 nanometers II

T
%’Q “e ¢
B0 o
) A

® 0

70nm (TEM ) 200nm (SEM )

27

Nucleation Coalescence Growth

28
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3.2

CMP
(22)
4 pH

2 pH 11

DT-1200 pH 0.IN

0.1IN
70nm 2.0
70nm 1.0 CMP
15wt%
29
2.0 2
1.0 30
pH 2 pH 11

pH 8.8 -71.8mV

39



Slurries Specific surface Calculated primary Measured secoundary ~ Associative ratio

area (m2 /9) particle size (nm) particle size (nm) of particle
Nodular colloida silica 76 36 72 20
Spherical colloidal silica 38 72 72 1.0
Fumed silica 93 29 212 7.2

Nodular Spherical

29
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Zetapotential (mV)

10.0

0.0

-10.0

N
o
o

-30.0

-40.0

-50.0

-60.0

-70.0

-80.0

—o— Nodular colloidal silica

—— Spherical colloidal silica

—&- Fumed silica

30
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pH 4

3.9ml

pH 9

P s-oH:

S SO,

1%

(23)

BET

31

+ + 2% 0.1N
S _aN
S-OH ~—  _ _~
s

( /nm? a NaOH (g
c:SIO; (9)

(nm?)

(29) 32
13.2ml

6.2ml 0.1IN NaOH

42

1nm



/ (0.1N NaOH)

1% S0,
—  (pH4)

— 2%

31

43



14

—o—Nodular colloidal silica
12
—— Spherical colloidal silica
10 —&- Fumed silica
E
T 8
?
pd
= 6
—
o
4
2
0
4 5 6 7 8 9 10
pH
32
5
Silica particles The amount of 0.1N NaOH The number of silanol bonds
(ml) (counts/nm?)
Nodular colloidal silica 13.2 53
Spherical colloidal silica 3.9 3.1
Fumed silica 6.2 2.0
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53 /nm
20 /nm?
33 pH
pH
pH
33 0.IN pH 2
29% pH10.5
FE-SEM FE-SEM
5 (25)
SiO, + 2NH,OH - (NH4)28|03( ) + H,O

45

3.1 /nm

JSM-6700F



pH 2 (HCl) pH 10.5 ( NH3aq)

33 FE-SEM

46



pH

pH

23

2.2

21

20

1.9

1.8

17

16

11.0

105

10.0

35

»
[ 3

—e— Nodular colloidal silica

-4 Spherica silica

—— Fumed silica
0 1 2 3 4
Settlement time (days)
34 pH

[ 2 + o o o
y . . .

—e— Nodular colloidal silica

—4— Spherical silica

—— Fumed silica
0 1 2 3 4

Settlement time (days)
pH
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pH
pH 0.1IN pH 2

pH 29% pH 10.5

34 35
pH

pH pH

pH 107 4 pH 10.45

pH
BECKMAN CORTER
N4 plus 25 pH

0.IN 29% 36 37 38

pH
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Intensity

Intensity

1.0

0.8

0.6

04

0.2

0.0

10

0.8

0.6

04

0.2

0.0

-e-pH 2.0
-&-pH 3.0
—A-pH 4.0
—>-pH 7.0
——pH 10.5

36

10

100

Particle size (nm)

pH

1000

-o-pH2.0
-&-pH3.0
—— pH4.0
—>pH7.0
——pH10.5

37

10

Particle size (nm)
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pH

100

1000



Intensity

10

0.8

0.6

0.4

0.2

0.0

-e-pH 2.0
- pH 3.0
—A—pH 4.0
—>-pH 7.0
——pH 10.5

10

38

100

Particle size (nm)

50

pH

10000



34

CMP
CMP
pH10 pH10.5
CMP G
pH
p-TEOS
0.1IN 29% pH2 3 4 8 105
12.0%
ECOMET 3
IC1000/SUBA400 K-groove 6

5psi 120 120rpm 11ml/min

51



180

160

140

120

100

80

Removal rate (hm/min)

60

40

20

Down Force 5psi
Polishing Time 120s
Platen Speed 120rpm
Slurry Flow Rate 11ml/min

—o— Nodular colloidal silica

—&— Spherical colloidal silica

—& Fumed silica

39 pH

52

12



p-TEOS

V4

127nm/min

39
pH10.5
154nm/min
40nm/min
pH 2
55nm/min
94nm/min
40
@7
CMP

53

pH



41

Removal rate of p-TEOS (nm/min’)

40

180

CMP

160

140 A\

-@- Acidic (pH2)

—A— Alkaline (pH10.5)

e

120

100

. <
60 /

40

20

1 2 3 4

Number of silanol bonds (counts/nm®)
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Removal rate (nm/min)

140

120

100

00
o

D
o

N
o

N
o

CMP

—o— Nodular colloidal silica
—— Spherical colloidal silica

—& Fumed silica

43

4 6 8 10

Abrasive concentration of slurry (wt %)

55

12
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42

43

(28)

Si-O-Si

pH 2.0

56

pH

41

pH



3.5

SEM

pH

57

pH

SEM

CMP

pH



CMP
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4.1
(W)
W Chemical Vapor Deposition (CVD)
CvD w
@ cmp W W
W CMP
44 w
OH wW
(30)
45 W SEM
Wi (3D
46
w
W CMP wW

W CMP W

(32

59



60

W CMP



46

SEI

SEI

15.0kV  X80.,000

SEM

7.0kV  X45,000

61

100nm

100nm

CMP

WD 8.0mm

CMP

WD 7.8mm




4.2

(KI03) () ) N[e®
1.34 v @
KIO3 KIOs
oH4 Stein K103
w @9 KIO;
Lactic acid (Malonic acid) (Citric acid)
(Phtalic acid) (KHP) 0.024mol/l
W
HSV-100
47 W
lcm? 800nm W
AgCl 7
3% KIO3
0.024mol/I 8
-0.5v 0.5V 20mV/min
48
?

(36)

62



(AgCl)

47

63



Potential (V)

Ecorr

v

Icorr (

Current density (1 A/lcm?)

48

64



Run# Oxidaizer Ox conc. Acid Acid conc. pH

1 KlO; 3% None 0.024mal/l 6.0

2 KIO; 3% KHP 0.024moal/l 4.2

3 KIO; 3% Citric Acid 0.024mol/l 2.2

4 K10, 3% Lactic Acid 0.024mal/l 2.1

5 K10, 3% Malonic Acid 0.024mol/l 2.3
8 W

-0.5V

0.5V

20mV/min

Ag/AgCl (0.197V)

65



Potential (mV/ )

0.5

X K103 3% - Lactic Acid
K103 3%
X K103 3% - KHP
X K103 3% - Citric Acid
04 - K103 3% - Malonic Acid
) X
K
03 |
X X
02 |
01 |
0 [ | Lol |
1.E-05 1.E-04 1.E-03 1.E-02 1E-01
Current Density ( uA/cmz)
49 KIO3 + 2%

66




0.03

0.02

Icorr(nA/cm?)

0.01

0.5

0.4

0.3

Ecorr(V)

0.2

0.1

KIO3 3% K103 3%- K103 3%- K103 3%- K103 3%-
Lactic Acid KHP Malonic Acid Citric Acid

50 KiIO3 + 2%

K103 3% K103 3%- K103 3%- K103 3%- K103 3%-
Lactic Acid KHP Malonic Acid  Citric Acid

51 KIOs 2%
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(37) 49 W

K103

50
3% KIO; 2%

0.025 pA/cm?

pH 42 KHP 0.01 pA/cm?
KHP
04V
K103 pH
W
W
K103
K103 9 KIO3 3%
KIOs 2%
4% 0.005% 0.01%
52 53 54
K103

68



Run# Okxidaizer1 Ox1conc. Oxidaizer2 Ox 2 conc. Acid Acid conc. pH
1 K10, 3% - - Lactic Acid 2% 21
2 H,0, 4% Fe(NO3); 0.005% Malonic Acid 0.01% 2.1

0.5
4% H202 + Fe(NO3)3 + Malonic
3% K103 + 2% Lactic
>
T 04
g
c
03 Lol Lol Lol [N EE S, [
1.E-05 1E-04 1.E-03 1.E-02 1E-01 1.E+00
Current Density ( pA/cm?)
52 KIO3

69



0.035

0.025

Icorr(nA/cm’)

0.015

K103 3%-Lactic Acid H202 4%-Fe(NO3)3-Madonic Acid

53 KIO3

0.5

0.4

Ecorr(V)

0.3

K103 3%-Lactic Acid H202 4%-Fe(NO3)3-Malonic Acid

54 KIOs
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CMP
KIOs KIOs
pH 2 Kneer
pH 2 W W WO, WOs
(38) KIO;
pH 2
KIO3
w Stein 39
HIO;
HIO
HIO3
(40) W pH
4.3
CMP
W CMP pH 2
WO, /WO; W

KlOs

71



10

11 W
pH 4.2 KIO3 Rodel MSW2000B
CMP 70nm
70nm
Ecomet 3 |C1400-k-groove
800nm w
PROMETRIX OMNIMAP RS35C
55
3%
115nm/min
52nm/min 5% 10%
W CMP
70nm 120nm
200nm 56
w 70nm
120nm 200nm
Bielmann W CMP

(41)

70nm 120nm 200nm w
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10 W

Run# Oxidaizer Acid Abrasive pH
1 MSW2000B (K105) Organic Acid Nodular (70nm) 4.2
2 MSW2000B (KIO3) Organic Acid Sperical (70nm) 4.2
1 W
Down Force 5psi
Polishing Time 60s
Platen Speed 100rpm
Slurry Flow Rate 11ml/min

73



Removal rate (nm/min)

Removal rate (nm/min)

160

80 r .//
40 -
—o— Nodular colloidal silica
—&- Spherical colloidal silica
0
0 2 4 6 8 10
Abrasive concentration of slurry (wt %)
55 W
120

—— Nodular 70nm
—— Nodular 120nm
—A— Nodular 200nm

i

N
o
I

0 1 2 3 4 5
Abrasive concentration of surry (%)

56 wW



70nm

W CMP 70nm
KIO3
W CMP
4.4
W CMP KIO3
8
W
W
57 W
100pm/100um  50%
KLA-Tencor P-12
FE-SEM SEM IPEC
472 | C1400-kgroove IPEC
472 12 13
KIO3

K103

1.5% 3.0% 6.0%

2% 4% 58

Non-Uniformity KIOs
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57 W

12 W

Down Force

5psi

Platen Speed

93rpm

Carrier Speed

87rpm

Slurry Flow Rate

150ml/min
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13 W

Run# Oxidaizer 1 conc. Oxidaizer 2 conc. Acid conc. Abrasive conc. pH
1 K104 3% - - Lactic 20% Nodular 15% 21
2 K104 3% - - Lactic 20% Nodular 3.0% 21
3 K104 3% - - Lactic 20% Nodular 6.0% 21
4 H,O, 4%  Fe(NO3); 0.005% Madonic 0.01%  Fumed 30% 20
5 H,O, 2% Fe(NOs); 0.005% Malonic 0.01%  Fumed 30% 20
350 14.0
* o
300 o 12.0
([ J
250 L 100
< i ° =
E g
E 200 8.0 ?
g © ° 5
B 150 60 S
o o) @) 5
; ~ f
100 4.0
® W RR
50 OW NU 20
0 0.0
K103 Lactic Nodular K103 Lactic Nodular KIO3 Lactic Nodular  H202 Fe(NO3)3 H202 Fe(NO3)3
Abr:1.5% Abr:3.0% Abr:6.0% Fumed Fumed
H202:2.0% H202:4.0%
58 W

77



1.5% 3.0%
241nm/min  238nm/min 7.3% 7.4%
6%

321nm/min

2% 4% 308nm/min
5.4%

59 KlO3 1.5% 6.0%

4% 150%
KlOs 1.5%
4%
150%
W Ti TiN
KlOs 6.0%
Ti TiN
TEOS
\W 59
60 61 TiN Ti
TiN

K103
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4.0% H,0, + F&(NO3) 3 + 0.01% Malonic Acid + 3.0% Fumed ( 150% over polish)

59

79



Ti TiN KlOs

KIO3
62 w
TEOS KIO3
TEOS W CMP
KIO3 59
TEOS W TEOS
63
TEOS 100%
30% 50%

K103 100nm

300nm 350nm KIO3

64 65 KIO;
SEM
W CMP
W TEOS
TEOS
W TEOS
1
KIO; pH
W 1
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Removal rate (nm/min)

Removal rate (nm/min)

200
[ J
180
O
160 L4
140 o -
120 O
100
80 ® o
'\
60 °
40 @ TiINRR
OTiNNU
20
0
K103 Lactic Nodular K103 Lactic Nodular H202 Fe(NO3)3 Fumed ~ H202 Fe(NO3)3 Fumed
Abr:1.5% Abr:6.0% H202:2.0% H202:4.0%
60 TiN
60
O
50 ®
40
-— ° 0
30 °
[ ]
20
O
O —~—
10 ®Ti RR
OTiNU
0
K103 Lactic Nodular K103 Lactic Nodular H202 Fe(NO3)3 Fumed ~ H202 Fe(NO3)3 Fumed
Abr:1.5% Abr:6.0% H202:2.0% H202:4.0%
61 Ti

81

14.0

12.0

10.0

8.0

6.0

4.0

20

0.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

20

0.0

Non uniformity (%)

Non uniformity (%)



Selectivity from removal rate

Dishing height (nm)

12

10

400

350

300

250

200

150

100

50

63

X+

O WITIN
+ WI/Ti
X W/TEOS

K103 Lactic Nodular

KIO3 Lactic Nodular ~ H202 Fe(MO3)3 Fumed ~ H202 Fe(MO3)3 Fumed

Abr:1.5% Abr:6.0% H202:2.0% H202:4.0%
62 W
[ ]
O
{
O
{ .
O 30% over polish
O

@ 50% over polish

K103 Lactic Nodular
Abr:1.5%

K103 Lactic Nodular H202 Fe(NO3)3 Fumed  H202 Fe(NO3)3 Fumed
Abr:6.0% H202:2.0% H202:4.0%

L/S=100um/100pm
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NONE

SEl 70 XAS000  100nm WD 7.6mm 5E 700 K4S000  100nm WD 7.6mm

64 3.0%KIO;+ 2.0% Lactic Acid + 1.5% Nodular colloidal silica

( 1.5um)

. = _— —_—

PRGN ¥ T 5 STERRR PP

SEl TORY  X100.000  100nm WD 7.Bme SEl TOY  XI00000 100nm WD 7.Bme

65 4.0% H,0, + Fe(NO3) 3 + Malonic Acid + 3.0% Fumed Silica

( 1.5um)
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5.1

0.18um
“2 66
(43) 14 (44)
Al W Cu Cu
p=17uQ cm
Cu
Low-K Cu Low-K
66 100nm
Cu 2.0
Al & SO, U4 13 ) cu
CuCMP
@ cu w Al
CMP
40 CMP CMP
Cu
67 Cu “8)
Cu \W
Cu Al W

86



(ps)

35

30

25

20

15

10

—A— Gate Delay
—@— Sum of Delays Al & SiO2
—i- Sum of Delays Cu & low-k

650 500 350 250 180 130 100
(nm)
66
14

Al 3.0uQ cm
Cu 1.7pQ cm

SO, k=4.0

low-k k=20
Al & Cu 0.8 p thick
Al & CulLine 43 u Long
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67 Cu/Low-K

68 Cu
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Cu

68 Cu
8 10
5.2
Cu CMP
CuCMP Cu
1000nm Cu
2
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CMP Cu
CMP
CuCMP
1 2

TaN Ta
Low-K Cap
Cu
CMP
(49)
CMP
(50)
69 70 71
1 Cu
1 500nm  1000nm
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3
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CuCMP CMP
3
Cu
Cu
3

89



1EXF& B O Cu-CMP
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Low-k

CuCMP

1
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Cu

2E%PE B O Cu-CMP
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“
i
.
5
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CuCMP

2
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3PS H O Cu-CMP

CAPE

71 3 CuCMP
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5.3

W  CMP

Cu CMP

Cu

CuCMP
Cu
pH
Cu
Cu pH
CuCMP
pH
Cu
(BTA)

Cu CMP BTA
[Cu(BTA)*

Cu
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Cu
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Cu
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BTA

Cu
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Eh
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04 |
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72 Cu-HO
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73 BTA Cu CMP
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74 Wegb
Cu
BTA Cu
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BTA

0.01M BTA 10

54
Cu CMP
TEOS
1 CuCMP
Cu
Cu CMP

500nm

Cu

BTA

Cu
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0.01M
10 1
3.0%
15 BTA
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1 (55)
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250

-@-3vol.20 HNO3

200 T

(mm/min)

150

100

50

0
0 0.01 0.02 0.03 0.04
BTA (M)
74 BTA Cu
15 BTA Cu
NH,OH (%) 03 15 3 3 3 3
BTA (M) 0 0 0 0.001 0.005 0.01
(nm/min) 212 207 214 229 210 200
(nm/min) 12 30 29 8 3 3
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BTA

Cu
5.5
16
CMP
(Malic acid)
HSV-100
EG&G
03V 05V
76
17
0.004 pA/cm?

Cu

2psi

75

Cu

Cu

(67)

BTA

Cu

1cm

Model 616

20mV/min

047V
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Cu
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16 Cu

Run# Oxidaizer conc. Inhibitor conc. Acid conc. Additive conc. Abrasve conc. pH
1 H,O, 9.0% BTA 0.3% Madic 0.2% - - Spherica  1.0% 3.1
2 H,O, 9.0% BTA 0.3% Maic 0.2% Phosphate 1.0% Sphericd 1.0% 3.1
3 H,O, 9.0% BTA delivatives 0.3% Madic 0.2% Phosphate 1.0% Spherica 1.0% 3.1
| ]

i i o

i =

| Cu~

| = y

: E """"""""" .

Ag/AgCl | |} Pt

75

Cu
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LE+01 ¢

@ BTA-Malic (Run 1)

98

1.E+00 3 ® BTA-Malic-Phosphate (Run 2)
n : ® BTA delivatives-Malic-Phosphate (Run 3)
5 1rm
<
3
2 1E02 -
ol F
o
E 1.E-03
= F
3 £
1.E-04 :
g [ ]
1.E-05
0.3 0.35 0.4 0.45 0.5
Potential (V)
76 Cu
17 Cu
Run # Slurry Ecorr (V) Icorr (UA/cm?)
1 BTA - Mdlic 0.47 0.004
2 BTA - Mdlic - Phosphate 0.40 0.006
3 BTA delivatives - Mdlic - Phosphate 0.43 0.01



0.40V
0.006 pA/cm? Cu
BTA
BTA
0.43V 0.010 pA/cm?
Cu BTA
5.6
Cu
18 4cm X 4cm
2.2ps 4.4psi Cu
77
BTA
BTA —
BTA
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BTA

BTA

78 BTA
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Removal Rate (nm/min)

1600

1400

1200

1000

800

600

400

200

18

Down Force 22ps  4.4ps

Platen Speed 100 rpm

Carrier Speed 60 rpm
Slurry Flow Rate 30ml/min

%

e

s

7

—©—BTA-Malic

/ —@— BTA-Malic-Phosphate
Il

—X— BTA ddlivertives-Malic-Phosphate | |

1.0

15 20 25 3.0 35 4.0 45 5.0
DF (psi)

77
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\

Cu-complex layer (organic acid)
Cu-BTA layer
Cu,O layer

Cu

BTA - Cu

™~

Cu-complex layer
(phosphate and organic acid)

Cu-BTA or Cu- BTA derivatives layer

Cu,0 layer

Cu

BTA BTA - Cu

78 Cu
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BTA Cu Cu

BTA
Cu,O Cu
Cu-BTA Cu-
(58)
BTA —
BTA Cu
Cu
57
BTA — BTA
79 Cu
Cu
P1 P2 P1L>P2
2 8 Cu
19
2psi

100pm/100pum  Cu 50% 300nm 700nm
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19

Down Force 2 psi
Platen Speed 80 rpm
Carrier Speed 60 rpm
Slurry Flow Rate 150 ml/min
WFeE )
@ P, >P,
Pl

79 Cu
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Dishing height (nm)

700

600

500

400

300

200

100

—@- BTA derivatives-Malic-Phosphate

—©- BTA-Malic-Phosphate

)
0 100 200 300 400 500 600 700
Cu Removal Amount nm
80 BTA BTA Cu
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80
BTA
620nm
Cu
BTA

700nm

BTA

5.8

Cu CMP

4cm X 4cm

7ps

1psi

KLA-Tencor

100pm/100um  Cu

83nm

BTA

238nm 81

CMP

BTA

20

Cu

CuCMP
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P-12

700nm

81

CMP

Cu

21
1ps
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BTA Malic Phosphate

Dishing

BTA derivatives Malic Phosphate

81 700nm Cu
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20 Cu

Run # Liquid Abrasive (silica)  conc. pH
1 BTA - Malic acid - Phosphate Nodular 1% 3.1
2 BTA - Malic acid - Phosphate Spherical 1% 3.1

21 Cu
Down Force lps 7ps
Platen Speed 100 rpm
Carrier Speed 60 rpm
Slurry Flow Rate 30 ml/min
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Removal Rate (nm/min)

1200

800

400

—@— Nodular colloida silica

—O— Sherical colloidal silica

82

4
Pressure (psi)
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SEM
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6.1
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