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Necessary information for plating

Necessary information for CMP

Wide pattern
100 x100 um
Pad

Dense
0.2 x 0.2 um 
50 % dense L&S
500 um sq.

Sparse
0.2 um

Dense
30 x 30 um 
80 % dense
500 um sq.

MoundingDishing in plating

Over plating

Initial pattern profile and density are important.
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80 % dense
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ToolDevice
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Robot
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To overcome 
several problems

Completion of Robots

Corrosion Scratches

Cu voids
Low-k voids 

Gas intrusion

Low-k damage 
Distortion

Very effective for bell boy.

I did not know 
how difficult it 

is to build 
interconnects.
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The relationship 
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Shinkansen Process ’10,000 rpm CMP’

Frequent Up and Down.
This is Bull-Whip Market!

Similarity between Interconnect and Skyscraper

Even Dr.Preston
would be surprised. 
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①Just after dipping:
S○ is rapidly absorbed in Cu surface.
A□ is easily absorbed as S is low 
concentrated at bottom.

②During bottoms up:
S○ is consumed and A□ is remained at surface. 
Therefore, A□ is more concentrated
and Cu at concave portion is bottoms up plated.

③After bottoms up:
△ is reacted with concentrated
A□ and Cu plating is suppressed.
Therefore, bottoms up becomes 
weak.

④During plating after:
Planarized by repeating ①②③
at Cu surface.

Roll of chemical agents for H2SO4 plating

Try three 
magic 

chemicals
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Cleaning modules

Cleaning modules
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Wire and via dimensions for 45 nm device in 2010 

Cu seed

Barrier

Wire

Via

Dummy plating tool image

Anode

Wafer

Device image

Electric circuit

Gap fill in 
narrow holes

Pinch off?

Dummy material
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Dummy plating  head 

１ｍｍ以下

(e) anode (g) Inlet （ｈ）Upper chamber （ｉ）Lower chamber

(b)Edge seal

（ｃ）Electrode

(f) Porous ceramic(a) Wafer(d) Chemical

Function of each module

【Deposition】 【Load/unload】【Cleaning/dry】

【 Deposition 】【 Cleaning/dry 】 【Load/unload】

Function of each module

【Deposition】 【Load/unload】【Cleaning/dry】

【 Deposition 】【 Cleaning/dry 】 【Load/unload】

Anode head

Stages

Upper
Intermediate
Lower

Dummy plating tool description 

Only 60 cc 
bath?
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Difference between conventional and Dummy plating tools

DC/PR

Anode
Wafer

Chemical flowCover plate

Electric
field

DC/PR

Anode
Wafer

Chemical flowCover plate

Electric
field

Wafer

Anode
Dummy 

ChemicalWafer

Anode
Dummy 

Chemical

Conventional Tool
Circulation bath 

Dummy Tool
Narrow space and no-flow 

Electric field simulation by FEM

66 % cover

90. 95. 100. 105.

1.7
1.54
1.38
1.22
1.06
0.9
0.74
0.58
0.42
0.26
0.1

anode
holder

wafer seal

porous ceramic

Anode
Holder

Dummy

Wafer seal

Cover ratio 100 %

Cover ratio 66 %

Cover

Density is clarified by color

Dummy
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400

500

600

700

800

-100 -50 0 50 100
Wafer position (mm)

C
u 

th
ic

kn
es

s  
（
nm

)

Thick seed
Thin seed

Conventional plating

With terminal effect

400

500

600

700

800

-100 -50 0 50 100
Wafer position (mm)

Cu
 th

ic
kn

es
s  

（
nm

) 

□ Thick seed
◇ Thin seed
□ Thick seed
◇ Thin seed

Dummy plating

Without terminal effect

Thickness control at wafer edge 

0
200

400
600
800

1000

1200
1400

0 5 10 15 20
Position from wafer edge (mm)

Cu
 th

ic
kn

es
s  

（
nm

) 33%   (Experimental)
66%   (Experimental)
100% (Experimental)
33%   (FEM)
66%   (FEM
100% (FEM)

33%

66%

100%

Seed thickness distribution

Seed resistance distribution

Dummy resistance distribution

Total resistance distribution

＋

Seed thickness distribution

Seed resistance distribution

Dummy resistance distribution

Total resistance distribution

＋

This is dummy 
resistance effect!
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Planarized not depending
On pattern density and 
Thin on field.

Residue

Plating process 

Process ②Process ②

Process ③Process ③

Process ④Process ④

Process①Process①

Pad
Seed
Dielectric

R

Etching process 

Process ⑦

R R

Process ⑦

R RR R

Process ⑤

R

R

Process ⑤

R

R

Process ⑥

Conformal
etching

Pad image

Strait hole

Smooth surface

Looks like 
porcupine?
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0

Dielectric

DＣL 
(Dielectric Ｃａｐ Layer)
Such as Ｓｉ－Ｎ

Ｖｉａ

配線

Ｖｉａ

配線

Ｖｉａ

配線

Ｖｉａ

配線

MBL
(Metal Barrier Layer)
Such as Ｃｏなど

Note) Barrier is needed here.

Dielectric

DＣL 
(Dielectric Ｃａｐ Layer)
Such as Ｓｉ－Ｎ

Ｖｉａ

配線

Ｖｉａ

配線

Ｖｉａ

配線

Ｖｉａ

配線

MBL
(Metal Barrier Layer)
Such as Ｃｏなど

Note) Barrier is needed here.

ＳＥＭ

Thickness control

めっき時間

Th
ic

kn
es

s 
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Bump image

Resist
Substrate

Bump plating

Resist removal

Re-flow

Process flow

RR

Bump plating tool

After re-flow

Bump plating 
tools 
are prevailed.

Wafer transfer Multi-chambers
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Look at 
this picture

Apa Kabar
Kashi
Tau?

？
Ｎｏ

Indonesian engineer Manabu in young age Manabu now!

OK!
Let’s start 
use cartoon 
in R&D

Pictures in this 
book are drawn 
by Power Point.

My famous sister’s cartoon

©2025Manabu Tsujimura.  All rights reserved. 

Chapter III 
 
Wet Removal Technology: CMP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tiger
Roll
Of

CMP

Tiger
Roll
Of

CMP

Tiger
Roll
Of

CMP
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The oldest technology to 
Semi-conductor process! 

MotorMotor

Polished 
stoneware 

Polish = CMPIron to iron  Diamond to diamond? 

Talking stone 

Dirty, Hard and Experimental : Three demerits 

Much dust!
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Conformal deposition Planar deposition

Dielectric 

W Etch back

Other planarization technologies

Dry-in and Dry-out technology 

Dry-in Dry-out tool 

Stand alone tool 

Al
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300 mm
Wafer

400 chips

250 nm
Al device
CMP used

180 nm
Al device
CMP used

200 mm
Wafer

130 nm
Cu
CMP used

350 nm
CMP
Not uses

200 chips

Scaling

Scaling and Bigger wafer trends and CMP application

Gate

Wire

ILD

SIT

Si substrate

W plug

CMP used
CMP not used

Gate

Wire

ILD

SIT

Si substrate

W plug

CMP used
CMP not used

Planarization image by CMP

CMP seems like 
drag? Once you 
used, you would 
be hooked on.

If so, am I a 
seller of drag?

W
af

er
 si

ze
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CMP Principle 

③

ω : Speed of table and carrier
Ｖ１＝Ｒ０＊ ω
Ｖ２＝（Ｒ０－Ｒｗ）ｘω＋Ｒｗｘω＝Ｒ０＊ ω
Ｖ３＝（Ｒ０＋Ｒｗ）ｘ ωーＲｗ＊ω＝Ｒ０＊ ω

Ｖ１＝Ｖ２＝Ｖ３

R0

Rw

①
②

Ro-Rw Ro+Rw

Table

Wafer

R0

Rw

①
②

Ro-Rw Ro+Rw

Table

Wafer
Dr. Preston
(1896 – 1989)

Let’s start with 
Preston law.

Dresser Slurry

Wafer

Pad

Wafer carrier

Table

Backing material

Planarization of device surface
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First dia. 20 nm

Second dia.200 nm

Ｐａｄ

Particle
Chemical
ILD Pattern

Ｐａｄ

Particle
Chemical(Including agents)
W Pattern

ＰａｄＰａｄ
Particle
Chemical(Including agents)
Cu Pattern

B
I
B
L
E

B
I
B
L
E

Bible should be easily 
understand.
Easily, easily.
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0

500

1000

1500

10 20 30 40 50
Pressure (kPa)

Ra
te

  (
nm

/m
in

)

Preston region Non Preston region

ＰＲ＝ｋ・Ｐ・Ｖ

ＰＲ＝ｋ・Ｐ・Ｖ・Ｔα

V

P
Vibration

Defect

ILD

W

Cu

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

3 5 0

4 0 0

- 1 5 0 - 1 2 5 - 1 0 0 - 7 5 - 5 0 - 2 5 0 2 5 5 0 7 5 1 0 0 1 2 5 1 5 0

M e a s u r e m e n t  P o s i t i o n  ( m m )

R
em

ov
al

 R
at

e(
nm

/m
in

)

Wafer non-uniformity example 

Terribly sorry. 
Dr. Preston.

PV range of several processes
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ILD blanket

ILD pattern

Cu, W,Poly-Si,BPSG etc.

【Several materials】 【Several slurries】 【Several pads】

Th
ic

kn
es

s

-150 +1500
Wafer position

【CMP Profile control】

Pressure control

Monitor

Tiger
Roll
Of

CMP

You should 
learn CMP 
peculiarity

ILD blanket

ILD pattern

Cu, W,Poly-Si,BPSG etc.

【Several materials】 【Several slurries】 【Several pads】

Th
ic

kn
es

s

-150 +1500
Wafer position

Th
ic

kn
es

s

-150 +1500
Wafer position

Th
ic

kn
es

s

-150 +1500
Wafer position

【CMP Profile control】

Pressure control

Monitor

Tiger
Roll
Of

CMP

Tiger
Roll
Of

CMP

Tiger
Roll
Of

CMP

You should 
learn CMP 
peculiarity
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Planarization performances of plating and CMP

100(120) um

Wide pattern
(Pad)

CDx9 : CD

90 % dense pattern
(CD is design rule)

CD L&S
Dense

CD isolated
Sparse

D
ep

os
iti

on
 a

m
ou

ntDishing of plating Mounding

100(120) um CDx9 : CD

Dishing of CMP Oxide erosion Recess

Substrate

Plating

CMP

FM CorrosionScratches

Defect classification 

Blanket

Wide pattern
(Pad)

90 % dense pattern
(CD is design rule)

CD L&S
Dense

CD isolated
Sparse

Wide pattern
(Pad)

90 % dense pattern
(CD is design rule)

CD L&S
Dense

CD isolated
Sparse
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ILD
STI MetalCMP-1

CMP-2
CMP-3
CMP-4

ILD
STI MetalCMP-1

CMP-2
CMP-3
CMP-4

CMP application

Several CMP processes

20
μ

ｍ
20

μ
ｍ

Difference between bare-Si polish and device polish

Device

Oxide Erosion Dishing

Dishing

SiO2

Stopper

Barrier

STI

W plug

ILD

Wire

Step height reduction

Bl
in

d 
C

M
P

Re
ce

ss
 C

M
P

Surface wave Device

<Bare-Si polish>
Thickness control
Only Si polish

<Device polish>
Planarization
Several materials
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ＥＰＤ

Ｐ

Slurry supply Polish Cleaning Waste treatment

Slurry Pad

ＥＰＤ

ＰＰ

Slurry supply Polish Cleaning Waste treatment

Slurry Pad

CMP system

Next
CMP

Rotary

Fixed abrasive

Grinding

Small table

Small headLinear

Multi table

Multi headPolisher

Cleaning Badge RCA

Built-in

Next
Cleaning

ＣＪＣＪ

Single wafer

Functioned water

One bathOne bath
VerticalVertical

Ozone water
Ionized water
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Device

Time

Cu
rre

nt

Ｃｕ Ｔａ

time

MotorMotorMotor振
動

値

Vibration

Eddy current

Optical

Ｃｕ Ｔａ

MotorMotorMotorMotor振
動

値
V

ib
ra

tio
n

Cu
rr

en
t

Motor current

Next
monitor

M

M

Vibration

Acoustic

Optical

magnetic

Chemical

Film thickness

Detect monitor

Current monitor

Monitor

Comparisons

Device
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R
aw

 P
ro

ce
ss

 T
im

e(
分

)

Dryin
dryout
+ monitor

0
20
40
60
80

100
120
140

30% 44%
93%

A B C
注） Ａ：スタンドアロン

Ｂ：ドライイン・ドライアウト
Ｃ：オールインワン

Ｅ
Ｐ
Ｄ

Ｅ
Ｐ
Ｄ

Ｅ
Ｐ
Ｄ

A

B

C

R
aw

 P
ro

ce
ss

 T
im

e(
分

)

Dryin
dryout
+ monitor

0
20
40
60
80

100
120
140

30% 44%
93%

A B C
注） Ａ：スタンドアロン

Ｂ：ドライイン・ドライアウト
Ｃ：オールインワン

Ｅ
Ｐ
Ｄ

Ｅ
Ｐ
Ｄ

Ｅ
Ｐ
Ｄ

A

B

C

ポリッシュ部 洗浄部スラリ供給部 廃液処理部搬送部
ﾓｼﾞｭｰﾙ

目的
ﾌﾟﾛｾｽの安定
機械の安定
寿命判断
故障診断
自動化
サービス

・定盤
・クロス
・BF
・
・
・

・粒度
・PH
・
・
・

・ﾊﾟｰﾃｨｸﾙ
・
・
・

・振動
・
・
・

・ ＰＨ
・ メタル
・ Ｆ
・ ＢＯＤ
・ ＣＯＤ
・ ＳＳ
・ 総Ｎ

Ｐ
工場廃液処理

プロセス
モニタ部

ユーザ内上位制御部

ポリッシュ部 洗浄部スラリ供給部 廃液処理部搬送部
ﾓｼﾞｭｰﾙ

目的
ﾌﾟﾛｾｽの安定
機械の安定
寿命判断
故障診断
自動化
サービス

・定盤
・クロス
・BF
・
・
・

・粒度
・PH
・
・
・

・ﾊﾟｰﾃｨｸﾙ
・
・
・

・振動
・
・
・

・ ＰＨ
・ メタル
・ Ｆ
・ ＢＯＤ
・ ＣＯＤ
・ ＳＳ
・ 総Ｎ

ポリッシュ部 洗浄部スラリ供給部 廃液処理部搬送部
ﾓｼﾞｭｰﾙ

目的
ﾌﾟﾛｾｽの安定
機械の安定
寿命判断
故障診断
自動化
サービス

・定盤
・クロス
・BF
・
・
・

・粒度
・PH
・
・
・

・ﾊﾟｰﾃｨｸﾙ
・
・
・

・振動
・
・
・

・ ＰＨ
・ メタル
・ Ｆ
・ ＢＯＤ
・ ＣＯＤ
・ ＳＳ
・ 総Ｎ

Ｐ
工場廃液処理

プロセス
モニタ部

ユーザ内上位制御部

Raw Process Time improvement

Communication to host

A : Stand alone
B : Dry-in dry-out
C : All in one

User’s host
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Wet systems

ＣＭＰ

Ｐ

Ｐ

P

Plating Waste treatment
Ｆ

Ｆ

Wet systems

ＣＭＰ

Ｐ

Ｐ

PP

Plating Waste treatment
Ｆ

Ｆ

Chemical supply systems for plating and CMP

Slurry supple

Ｐ

Waste treatment

ＣＭＰ

Filter

Slurry  re-use

Slurry re-cycle

Slurry supple

Ｐ

Waste treatment

ＣＭＰ

FilterFilterFilter

Slurry  re-use

Slurry re-cycle

Slurry re-use / re-cycle system
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Blind CMP
Initial step height

Device

ILD

Al Wire

Step Height

Polish amount

45 degree

Initial

Final

Planarization performance

１００％
planarization

０％ planarization

9d / d : d=Node Global step height in a chip

100 μm L&S Local step height in 100 μm L&S

The more scaling, the longer planarization length

The basic CMP 
is thermal oxide.

Blind CMP
Initial step height

Device

ILD

Al Wire

Step Height

Polish amount

45 degree

Initial

Final

Planarization performance

１００％
planarization

０％ planarization

9d / d : d=Node Global step height in a chip

100 μm L&S Local step height in 100 μm L&S

The more scaling, the longer planarization length

The basic CMP 
is thermal oxide.
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Center profile

Back side pressureRR pressure

Pressure

Edge profile

Speed

Dressing

Slurry supply

Fineness

Temp.

Control of wafer non-uniformity

OSi

O

OSi

O

OSi

O

Si

O

OSi
O

OSi
O

OSi
O

Si
O

O O O O

H H H H

KOH 

O
Si
O-

O
Si

O
Si
O-

Si

OSi

O

OSi

O

OSi

O

Si

O

O O O O

O- O-

K+ K+ K+ K+

SiO2

SiO2

Gel surface 

Principle of oxide CMP

Several 
ways

Center profile

Back side pressureRR pressure

Pressure

Edge profile

Speed

Dressing

Slurry supply

Fineness

Temp.

Center profileCenter profile

Back side pressureRR pressureRR pressure

Pressure

Edge profileEdge profile

Speed

Dressing

Slurry supply

Fineness

Temp.

Control of wafer non-uniformity

OSi

O

OSi

O

OSi

O

Si

O

OSi
O

OSi
O

OSi
O

Si
O

O O O O

H H H H

KOH 

O
Si
O-

O
Si

O
Si
O-

Si

OSi

O

OSi

O

OSi

O

Si

O

O O O O

O- O-

K+ K+ K+ K+

SiO2

SiO2

Gel surface 

OSi

O

OSi

O

OSi

O

Si

O

OSi
O

OSi
O

OSi
O

Si
O

O O O O

H H H H

KOH 

O
Si
O-

O
Si

O
Si
O-

Si

OSi

O

OSi

O

OSi

O

Si

O

O O O O

O- O-

K+ K+ K+ K+

SiO2

SiO2

Gel surface 

Principle of oxide CMP

Several 
ways
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Back side
pressure

Carrier pressure

Profile control by back side pressure 

-100 -75 -50 -25 0 25 50 75 100
Wafer position (mm)

Po
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h 
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te

1.2
1.1
1.0
0.9
0.8
0.7

Experimental

BSP=Big
BSP=intermediate
BSP=0

Retainer ring
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0.6
0.7
0.8
0.9

1
1.1
1.2
1.3
1.4
1.5

90 91 92 93 94 95 96 97 98 99 100
Wafer position (mm)
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ra
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Experimental

Small pressure

Big pressure

Profile control by retainer ring pressure

注） ＮＴ：Table rotation Ｎｗ：Wafer rotation

Nt>Nw Nt=Nw Nt<Nw

Profile control by rotation

From back side

From edge

Back side
pressure

Carrier pressure

Profile control by back side pressure 
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Small pressure

Big pressure

Profile control by retainer ring pressure

注） ＮＴ：Table rotation Ｎｗ：Wafer rotation

Nt>Nw Nt=Nw Nt<Nw

注） ＮＴ：Table rotation Ｎｗ：Wafer rotation

Nt>Nw Nt=Nw Nt<Nw

Profile control by rotation

From back side

From edge
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STI

Polish residue
Rounding
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STI on nanotopography FEM input
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 Chapter IV 
 
Wet Surface Treatment: Cleaning and Drying 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hey! Your foot are 
very dirty.

Hey! Your foot are 
very dirty.
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Do you know the basic rule of cleaning?
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The history of cleaning depending
upon scaling requirements.

Badge cleaning (RCA)
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＋－

Ionized water

Single wafer cleaning (Brush, jet)
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Functioned water

One bath 
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Brush   Pen     Jet
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Waoh! So many materials are 
existing in the same surface. 

How can I clean!

On top of that, there are so 
many peoples to dirty.
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Facility treatment 

① Clean process ② Clean tool 

③ Clean in the clean room 

④ Clean environment 

Several clean technologies 

Slurry supply

Ｐ

Waste treatment 
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Wafer

Low pressure
water

High pressure water

What is cavitation? 

Cavitation should be avoided in fluid dynamics.

Blade

Break 
everything

Mechanism of cavitation jet

We can use even 
cavitation like this.

-Vortex after blade
-Vacuum 

-Cavity in eddy
-Cavity collapse in high pressure

-This pressure erodes blades.

Vortex occurs in the boundary layer
because there are velocity difference.
Center portion becomes vacuum which
is called cavity.

This cavity collapsed in the high
pressure region.
This high pressure also generates
jet flow.

This high pressure and jet flow
may remove foreign materials.
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Chapter V 
 
Wet Process Application: Interconnects 
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Integration of CN45 nm device

SkyscraperInterconnect

Upper layer Cu

Via

Low-k (1)

Low-k (2)

Lower layer Cu

Scratches!

Corrosion!

Voids!

Interconnect process is similar with building
skyscraper. However, there are many void in 
reinforcement and wall defects.
Block seems like cheese.
Can we live with safe?

<Problems of RIE>
(1) Resist poisoning
(2) Side wall damage
(3) Bottom damage
(4) Gas intrusion to Low-k film

Problems of UV/EB cure
(1) Shrink
(2) Damage
(3) K value increase

<Problems of plating>
(1) Cu chemical intrusion
(2) Macro and micro voids
<Problems of anneal>
(1) Grain growth
(2) Pull out

<Problems of deposition>
Barriers 
(1) ALD gas intrusion to

Low-k film
(2) Low-k roughness and

barrier defects
Seeds
(1) Voids 
(2) Deposition on barrier defects

<Problems of CMP>
(1) Galvanic corrosion
(2) General corrosion
(3) Cu residue
(4) Delamination
(5) Scratches
(6) Distortion

<Problems of surface treatment>
(1) Removal of Cu,CuOx,Cu(complex)
(2) No damage on Low-k film
(3) Adhesion to Low-k film

<Problems of reliability>
(1) Adhesion to DBL
(2) Control of Cu surface
(3) Surface leak
(4) Bulk leak
(5) Open by void
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There are many problems;
(1) Low- k deposition and cure
(2) Etching and ashing
(3) Barrier and seed deposition
(4) Cu plating
(5) CMP
(6) Cleaning 
(7) Cap deposition
(8) Surface treatment
(9) Packaging

Low-k film seems like cheese.
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DCL (Dielectric Cap Layer)

Barrier
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Damascene structure

It becomes small.
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Purpose is to increase strength.
Problems are;
(1) Shrink
(2) Damage
(3) K value increase
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（１）Resist Poisoning

(3) Side wall damage

(2) Fence

(5) Via bottom Damage

(4) Gas intrusion

(3)  Low-k damage

(1) Cu sputter on side wall

(2) Via bottom Damage

(2) Non-conformal deposition

(1) ALD gas intrusion to Low-k 
Oxidization damage of Barrier
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(2)  Gas intrusion through barrier hole
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Barrier with 
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generates dusts!
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(3)  Pull out

(1)  Grain growth

(1)  Galvanic corrosion
(2)  Corrosion
(3) Cu residue
(4)  Delamination
(5)  Scratches
(6)  Distortion

(3)  Cu chemical intrusion

(1) Macro void
(2) Micro void

Do you know 
that plating 

technology has 
still so many 

problems.

You have  many 
things to do also 

in CMP.
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CMP
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NH3/H2/He Plasma treatment

(1) Adhesion 

（(2)  Voids by EM, SM

(3)  Surface leak

(4)  Bulk leak (5)  Open circuit 

Interconnect problems

Surface  treatment

Reliability test

Although surface is 
covered in several 
ways, the most 
important thing is 
reliability.

However, do not 
worry so much. 
Engineers have 
always done their 
best to overcome 
those problems.
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Therefore, many planarization technologies 
have been developed.
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In case of bigger scaling,
① No pinch off even if PVD seed is thick.
② No terminal effect in plating.

In case of smaller scaling such as beyond 45 nm,
① Pinch off if PVD seed is thick.
② Worse filling (voids)
Therefore, thin and conformal deposition
technologies for barrier and sees are required.

Filling performance will be more severe in accordance with scaling.
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Damascene stress analysis by FEM
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Paradigm shift -1 45 nm

Paradigm shifts 45
You should care about the number ’45’

Paradigm shift -1 45 um

Paradigm shift -1 45 cm

No more scaling?
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Thinner wafer for 3D package 
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Big investment

Many chips
P-45 discussion started from questions from investor

Engineers and scientists would reply to your questions.
(This is called ‘No More Story’)
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