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Now I am wide-awake.

Oh! You are
Babu

Do you understand?

Paradigm is shifted.

P- 45 nm No More Moore!

It cannot be measured by light wave lengt|
Resistivity of Cu may be bigger than AI?

P-45 ¢ m No More Thinner

Difficult to make thinner that 45 um.

z T
=k _.

P-45 cm No More Lafe 3 )
Who shares the R&D cost?
Non-uniformity may be bigger.

Investor Engineer Scientist
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Bell project AlZt
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How to make Atom.
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—Scene 1: L= Astro Boy 7t =11 4012 . Smart and beautiful
—Scene 2: HO|ALE (Food chain)
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~Scene 3: Bell Best Project TBS Corp.
—Scene 4: A A Concept Device company
-Scene 5: Roadmap Ms. Kumiko

—Scene 6: Bell device & (=22}t oFF)

—Scene 7: Order

—Scene 8: Bell boy
Sunny Corp. BER Corp.
A O XIFHE XIREL0l B2 0[0k7|E @lo{2I|E sYsict. Robot company Tool company
Dr. Manabu Mr. Babu
Stubborn CEO

Smart engineer
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X| 2 Astro Boy 7} =7| 98 Azt

Scene 1: L= Astro Boy 7F 511 401
Sunny 2[Ate] CEO ARFAOIA o] FAte] DEAZ CEO ¢ Manabu EBhAt=
stal ofelof ChstM Mzistch 25 O “Astro 2" 8 9110
Manabu gfAL: “7|=Mel HHEE2 XS ASXtoM, OF EEMZ J=2l10 sle
Mogdgstoz dimn ot chg
Gigantor 2 Zo| Z|AXMel 2R
2ERE g st grEX o
Q= Molch Zof, U= LIS S531E oleie 2Re fis dMzZ=NEES
=+ gpop”
E7h of7|M dEEAof olF<e| olefe Y|&ol et EEAMH0
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ERI|eR9 82 ¢xAel ojE e 2 AHolch gExo JYst2H
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History of super technologies

Bio

: Not like ASIMO
More explanation

Now is the time for Atom!

Car electronics and robots have been
highlighted recently.

Device ratio in car cost will be more than 30%.
Next are robots full of devices.

Image Recognition Technology is developed in
games and actuator is in car electronics.

Then Al for robot comes next.

Someone in media asked to a device engineer,

> Are you happy to make games for children?’
The engineer replied,” Games are only first step.
IC would help human being some day.’

©2025Manabu Tsujimura. All rights reserved.
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Scene 2 : HO|ALE (Food Chain)
1 21} o]0 X[ O[0F7|, Manabu & 12| H|AMOA X3S Zch,

Food Chain

Manabu HfA} : “TBS &= ClHIO| AN O ZHE M et ot Kumiko Aol Al &2 © st Set Device Tool
StMR. J{= System on Chip (SoC)e| gtHs wXg 2tMsta Eu ot J2ln

BER S Z&&|7Heto| ojS = 8t5tLict Babu Mol Al Matsidle. L= a7t <2 Sunny Corp. TBS Corp. BER Corp.
5o TR HES U+ YES B & YCHEUS YolR” HME %% Robot company E> Device company EC Tool company
Mot=al o dimch H2o| mal BFEA AFol QUOIA HOIAIE S AR EHE Dr. Manabu Ms. Kumiko Mr. Babu
SRR ol o SRebH et

Note) Sunny, TBS, BERO| &lHM 2| 3|Al7} o2tz HE P56 FAM2

T
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FeA MHolM HolALE (B3 AtE) 2 MZIXIl tHAlE Eetstot

E —> CjHiolA- > Hx|et M=,

L= XM& ITPC (International Trade Partners Conference) OlA  0|2{&t

OlAt&0|2t= Tl & ALSRYCE TPC = HIZH A9 H=8 EHsH| 1—| FHEEA
EIH} [A Mol vips &2 olgolch O7|M L= HolAt&o|2l= AE0{SE
ALESIR T 0| Thoj= o 2oke| AtollAM el™etolx|n Act,

Market Image: Upstream is influential with downstream
U= H Al olo] %]

Clujolassol AR HRRS H OEARe o sowolch (ol wEx Market

ClHiol A= Eof FMHeLo <& 20%E AHX|sctl Hot: FYstch) g

wAlREl WEEE @4 Clolola NI %S WS (ol )12%
Clufol A2 A el Extoo] 10% FEolch) olof uhEw  chip AIES] p%el Hshs .

Cltol A TOIAE 20%0] HEE JPHem BAAPOLE 100%sl HEE 100%

Jtd &S elo|stct. o|2st s4aks “Bull whip effect”2t st Uct,

SIFE UEXME o citstn SEE HFEe ol
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Z2ME HEX} (The project proceeds)

Scene 3: Bell Best Z2HME
Manabu gfAte| X[Alof ma} 2& Z2ME HHEES 325 ¢l =Xt
Manabu HfAL @ Z2HEo|&= Oo|F0| FLEHcCt <=M b
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Babu : 1% .. Bell Best = o{u{2?
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XS Zol Mol o3 =0 OFAO{XZ
ghlct,

Bell Best Z2MEE 22 g 23 & ¢u chAl2 M= = At

Scene 4: AHM Concept
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ZIAXMl ARl 2 S22 Ltetof Sk,
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So many discussions in vain?

Concept First ! This is my job!

MPU Device
- TBS Corp.

Very similar

Hand and foot
- XX Corp.

Body
-2 YY Co.

Software
- 77 Co.
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Scene5: ZEHY

2oWe AB ct=ch 98 He TZeMEY 2Me2 9d Aoz
Agt oz JlUEs JMlele] maME HulSolA HMe EF maue

AEfE "ot st Zolch

Sunny (& M=AHDZEE SHSO{E EEYR JHE S 2SICH Sunny = AIEZEALE
a5t 2010 A Fz|A0lA MFZ2 Bell boy & EAI5H|2 2A™JCt o] SEE
MAAF|Z7] #/5l Bell ClHto| A= 2009 A ”EWFII Jhek=lofotgt siot O AHERS
TBS(ClHlo|A M Z=ANIE 2E SIQICH Manabu HfAlE Al ZI2= 35lo| (2=
z2HE 3l9))& 2007 A 1 ol M52 &2 %EP (37t ot} SxEITH)
ClHO| AN =& 2st ZEY

gEE AAHBZ w2l TBS &= ClHiola JHeE flst FHEel AHES
A=t clxtelnt 3, J2ln M=ol 7[7+E 13stod, TBS & M= A|AHO
st ojziels 2008 A 2= ™Ich CldiolA M=ot OE9 7HY 7|zt st
AlAElE A5 26l o AHEE BEREXIM=ANO|A wEict opzds
UFEE WS =S| Qs TBS = Zb =7 JHdol| cist Jzbe okzh X
AMlgict

Data A & 7He5t7| €8t Lithography & %]

Data B € 7H&st7| €&k CVD(chemical vapor deposition) & X%|

Data C & 7H&st7| 28k RIE (reac’uve ion etching) & X%|

Data D & 7H&st7| 2[8 CMP ZEX|

Data E & 7H&str| ¢/st _'.:_E.‘ ’é‘il

Data F & 7H&st7| 28h MA Zx%|

Data G & 7HLst7| 98k 7|2 &X|
HxHEE st 2EY

Ofx|ate2 BER 2 ARlel AHES MAstD TBS 2FH FasteE ojzds
SEET| Rl FHMo| g ok dHE ZEE AAEHES TS| #eXzix
Helgle ExAAH JHL2 ol ofEch JHWE AJAHEE2 EX|[HZEAL LS
MHEo2 E=E0 (¢uy|) O =2 oldlola MZAIAM ASHIEZ]) O =
Z| BT |(Z0OL7])7E EAIEICE
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ZMetdE0l  vtEd M=ol Ee=2E =7 o2
H

Hl Et7|B{F 0]

Roadmap will be made in cooperation each other.

2007 2008 2009

2010

Kick off meeting

A

Completion of 1
Bell device

2010!
In any case.

TBS Corp.

) g —

*Process  m—

»Tool w

Production WeEmEREEE =N S———
BER Corp.

*Pump EE—
*Gas trap ————
‘CMP
*Plating ———»
*Cleaning —— %

*Others ———»
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&

Sales start
Bell boy

How busy
we are!




Scene 6 : Bell ClH}o|A 7Hgt ( =F 3} oio} )

CMP QIX|L{of A M2t Babu 4| Atololl CHELOIA]..
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Le QARIAI2RE X HE =32 ¢e TEG I UF STsictn d2se.
olgiel WEH clAtelo] SEHEIIR?

B: Ul? gilo] Hets =F0 e TEG7I FRES 2lo|stE?

L miEol ficte &= =

Babu : (B 9

ol %‘E EMI %74 2¢3) .
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Babu @ 2= glole.. <2l TEG of s+ Eaxel wss H3sHoret

st e

Tx| MZALS 29 Bl 5B AR OIFAE 2

[ ]

B Clatol At HHE 7|sS0l et XA 2

TEG ClH}O| A

Test Element Group (TEG) : == HESIE I8t TEG 4= ClHIO|A 2{of
Haest Pdodgs LiEpdcE olHde2 EZn HERste| HEMAES S AltES
ZHot=d &4 HMolct.

ChE2 8ol LiEtLHE MMM JH AM8| 22X
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Necessary information for plating

Initial pattern profile and density are important.

Dishing in plating

Mounding

Wide pattern Dense Dense Sparse
100 x100 um 30 x 30 um 02 x02um 0.2 um
Pad 80 % dense 50 % dense L&S

500 um sq. 500 um sq.

Necessary information for CMP

Initial pattern profile and density are important.

ensmmnsnave,
" e ',

3
essnssmnmnnnry, R 0,
el e, o
" oy, o
ennnmns’

TLTTTTIE g mmmam

Oxide Recess
Oxide Erosion

v CMP®Dishing l i
Wide pattern Dense Dense Sparse
100 x100 um 30 x 30 um 0.2 x0.2um 02 um
Pad 80 % dense 50 % dense L&S
500 um sq. 500 um sq.
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ClHlo| Ao CHsll ZHas| =XH (Let's study device)

Cldjo|AF™

CldtolA= =2 M 22| cjdfo|Ae} Logic ClHlo|AZ FE2ECH
(MAMst E/= cl2 MEMEE &x)

H=2| cldlo|AQt logic ClHFO|ATZ 2tM3s| MZ Cl2Chs Hez & +
Qict M Z2| cjdiolA= HE2e| YHoz M| A AL HHH ogic
ClHlo| A= ARSXAtol|l ofslf MXtRHES| of2{7tXx| Mg JIX|1 Uct =F 3t
ooz cikst 2abs JHX= folmel 2t SolM 3= o] Zch,

Floor plan
ClHIOlA M Z& Floor plan 0|2t E2l= ClAtel 7Het BHH A|ZFEICEH
- THHel A=Es me A (ol 250| ofn2 JHEX])
- 25 AEs Me A (o FHE LisX)
o

- dl
=

>

rlo

TEG o #H4Y

TEG & SH35IAL TEG = ch29l 47X AHE Zt=ch.

1 ©HAl @ BEOL 7H28 Metal Open, Short Via chain 2 7|54, o[2d=
EF3t CMP 22 2|8t Option TEG 0| Uct.

2 THAl : FEOL/BEOL Logic 2 H&&

3CtA : FEOL/BEOL TEG &9 ¢olH F2lof Bxeol ¥yo=z pHso{Zict

4 (TEG & M =T d0HE 9ol

S5 CMP & 2T el S8 i3S 2o SHt Opt|on TEG o EXet 435,
Cletol 2, ALSAlol et F&F Zolet CiAtelol cfekel Zots Zdg & = U
ae2ln &5 =g fldl clAtelaEl TEG d=2 EHIOIHETH 2S0{&l YolHE
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You should recognize difference of faces of logic and memory.

Face of logic

Face of memory

Top metal

7 Module
o -

Global

15 mm

Semi- global —=111
I T
£ | B0k
— |
50 um/’
Intermediate g H
s by Cell
o s
©n -
Local g /2 um
. 3 Lowest layer
Device N

©2025Manabu Tsujimura. All rights reserved.



2tME Bell Boy ! (Bell Boy completed!)

Scene 7 : Order (ZHx|23)
opElLl, ZHx[ofl cfst F20| BER OfAl ZHAAMcCE BER 2 Llithography, lon

implantation, Deposition, Etching, CMP, T3, Hi7|2t A|AH $Eof ZH2 w2
38 AlAEE Jiesty| fsf DFEF Folch aut FAte oEAE nrdds
SrEACH

X, Z2HE= Moz M5 7t?
3], SoC = ZME dF1 AUck XMl LM M uItiIayer interconnect 2|2t
R E chEo| Chapter 9| ztst Mg HXL %2 2XIt QUck

Scene 8 : Bell Boy!

Ct=S2&kel Q2 E2 Multilayer interconnect 2HME LER D QU
H S XtMst &2 chkz &AM 7|&=ZX| 2t Dielectric
I TF2| Interconnect = AFB|X| et FAoz JISARIE L
ol Zz} cjdlolAe| AlZIMo| 2M2Z =Xl o] EME H&E3| Ll

AlZtEICE Cisto|ul &3] & =HAIS| Follow—up 5H0f XPAICH ClHfo] A 7| ghof 2t
7|slfotat st CE.

ofn i
i=
el
o
|
Ao lo
E
S fu
NN
= 2
S

=
o

Manabu BfAL2REH BHSOIX|7| Azt Z2HEE opEL kol =2 QUi
B2 =ds ISt WEE 22, Bell Boy 0l& S0{EX UESX? X5 7S
of2f oM dstn A=

Ol &4 Z2 olo|& 07|17t Eolct. 2Lt of7|o] of2A7IX] S2F
=8g zZgstn ok L o220l olMg of2iH gjojEd FHSch o
Olop7|& thstwollA S8t ZofolM Roll-play & ¢/t Aol el8=2 A1 T
gE2 e so/xolct

O[01X| & ctEH oM 7I&xel olfroll thal =2l 2 A}~1
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Interconnect problems
o Distortion

Scratches Low-k damage
Corrosion

I did not know
how difficult it
1s to build
interconnects.

Cu voids Gas intrusion
o : .
Low-k voids

LB

Completion of Robots
Sunny Corp. TBS Corp. BER Corp.
Robot company Device company Tool company
Dr. Manabu Ms. Kumiko Mr. Babu

To overcome
several problems

Device Tool
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& A phEE 2o h t II
2003 A H| 8 3| CAMP =z[elo|lM MS2=2 phEF Zo1g J|&lstict. CAMP o= p
100 Ho| AdiX|uoiet O 7550 MEX|Ho EAsict 22l 159 F2HOo|ut
i X0l 7l 2ol MYEg stHAM O50| ol dg st=X Lels 20|
E7|=5 st JES0A £2 7|82t M3 Babu we= Lol Al A SRR
ot

SlEs;
Olof7| & ZolHetn RSt

=

A Aol Z

Wet Deposition Process: Plating

Lis 22 FHoll thsl olok?[E ek @ BH=A 4HH-2 Chipset, ClHtO[A, ZH|
PN

=
HOlAFS 2 2T Kumiko (Lol oftf)el A2 Brzx|atd el ZA|

A 2 o|Fo{zl 2

Mo 7|50 MetHME 4ol F=zoft: HA 222 w2zt stck= of Y,
CtE9| Interconnection 2 1&° YIS 22l WME OfELD dots =HsS
7|€0jot stch= ®. th= ESE SHHxel (oA MY HyUnr) CMP 9
ZA7|s0 M 2HEE ok MER ™Al CMP = 0 psi 20llAM HAotE
S5t 10,000 He| 2Mez  oAotE sfof st=Ol Ol CMP = Preston 2HALE 37
=2t & dolgls A 8 ZHskch.

Te selHA et Zodg obx|1 J2|0 ZoATofAM WeRts o, 104 HER
Hol= 2 o} oXtof 7t Lol Al A “HFHOR” 2h= At g e FAUCt
Lhe zlash Lo AoE olsiFictes Aol oisl] ot=E =Zich ohEE 22
XZE ofds| dech JhE = 2ol LREE A2 2007 A 12 3 MEX|HoIAM
dUCH HES U U= Ao2= ofMs]| ot 2o dMXtel A Zct

Frequent Up and Down. Similarity between Interconnect and Skyscraper
This is Bull-Whip Market!

The relationship
between Kumiko’s
mind and IT market.

The faster,
the better
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You should
start using
buckets.

\fH/
E FIvY E A
[> T
Plating in buckets. Chemical is circulating in
This is the basic technology. a big bath in actual plating
tool.

From pencil to
— dummy plating

— Do you know
Brush plating?

Dummy materials
like a sponge.

[> [> =

I want to do a stamp plating! Completion of
Small chemicals Dummy plating
No seal

Plating only where you want.
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Ao 3K ol A2 3K

AXE Bump T20| #Zof
M 2 bumping & &x|e| EXol| Cfsto] 7|&si=ct gt ClHlolAg 2
Bump gHole ZFEZ 7|£0l olE2=0 KXot ZFs™E o AMzs

2

2FIM™olztr oAHXMY| 2ol JSFUol Mx

clean rooms) o E€35| Mx|=[0f fct. FEFT Y2 vHEA FHoM LMS=
XS0l B {oly AAMerel 2ot zt EX(LEZ7HXe 2¥ol EHMEZ
=ofgck. & Bump &2 foly M=ESFHAM= =E CHAOAM  &stolX|7]
2ol flolH Ao 2¥e Mzt EM=ZEs =X goul ff=zo 22
S5t =lof otFef gt ClHlolA M3He FEBo+= Mx|=l= O
off Rt OXX|BH HEEH ClHbo|AS| EHY|E THEAIF|T|RISHA = Off-line oM
Zigst=d 2t In-line(ZEEW)IM Zrhst= Zol e=Me=z welstch 0

2o 80 Wi Futol Z7|&E2| 3K (Kitanai; L&, Kitsui; O{E 1, Keken—teki;

|
—
|
frnl

r

dgelzdel) =F7|s0M M2 3K (kirei; 725k, kantan; £ 11, kagaku—teki;
opstMol) V|2 kst WEE o/Ro{Mch ole{st ddf=E  HEEX CldiolA
HMz=g Zgzt|Eel 7Heo| A== At

OYAl e Eest Sxe J2IFsol Mx[Jtsst JRMAIL q4E Ex|9
JHetnt xpMicHoll == Bump EIXFRI Pitch o o|A|slol iS7tsst E25% 9
nMs3 Aot

g2 YA CHto| AM ZE2l Main S&O0|ct 1997 & IBM O] Logic

C stelck. CMP 2ol olof FHmjel HA4x¢l IBM

43d LEOIUCE. UIE HES CMP £ Al Smots]i= Mol ALSA gt
= |

A
Hz=7|sol Aadretn

c
j=ny
5
1o
2
o
nx
kI

21
HM&st folHE Bump =&

©2025Manabu Tsujimura. All rights reserved.

Year

2000

1990

1980

©2025Manabu Tsujimura. All rights reserved.

1]
A

Dry-in
Dry-out

AT

Clean room

Introduction of CMP

Plating

Introduction of Dry-in
Dry-out Wire Plating

; ﬂgm

5 =

Introduction of Plating

=an

7

CMP room

Clean room

Clean room



Ciet =5 AlAE 2l Aol thal Lol2Ab & Zeo| D82 =a&xo Wi
HatE 2o{F 2 ot

Cup up stream 24
o w2 ¢olHE ofehwters &stA Mx|stn

o)
golch. of w2 =g %ol FFE xEHol ZX| 7
7.

lo

a}

g0l =of tz|7| m=zo F3FolAM Chip & Zet

He R x| EHEol ofx A=A g ok
o

E e
HHo =2 2B MAHXZD A =H =50 o= Agh

FO M Kool
o e e
2

L

FZE Deposition =He ZWg =42 £ Uct 2Lt olghy

g moll Au 7t
ol

Dip g#olzta

S
lH Aol & E1 =7 bath o
= = 0

o 2ol ol
=]

2 #olH

o 7=t

olo| ©iEel dotoz A2 Dip wol Y=ot a2 YolE Seint
plplg S48 xO2 Y J|Ee AE dip WHE AAEE NF S

M2 cup up stream g
7|Z=2l Cup upstream gHolMe| ofZRE Z2HZFel 7|
=Mooz QolHE IMAIFHAIIHEAM =FE St

= =8 sk
SO 2N BAUSFOl J|®It Yoy ‘Mo FEStE

=
=
A
-
A
= m

A
3

Ol X, MdolM 7t 2eel 7|&&2l sttt =8 7|s0l 2FE
X

H Jl22M HE =ojHct

©2025Manabu Tsujimura. All rights reserved.

MAsE HE
et oz
2Ack.

e ®M=EE

1

Anode \ hwaw Bubble | Rotate
E AL 4 HE A __\‘l —
TO ; |:> \t Aéé ISy _—\_‘ |:> \t:)#_ 'O'A _—\_‘

T
 J

b [
(T T v AN >
Vertical dip method Cup upstream method  New Cup upstream method
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Dummy resistance
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New vertical dip method

Wire CSP bump

Wire gap filling
Bump 0.2 4 mdia. AR=4.5
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Four(4) important application

Bump plating for electrodes Re-distribution layer plating

<Interposer image>

<Damascene process

L d~ G
|:> u Barrier Barrier PVD
== =

’ v

<Devicg image>

Interconnects plating Cap metal plating
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Sub-systems for plating

Photo of Plating Tool
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Power
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Insoluable anode

©2025Manabu Tsujimura. All rights reserved.

Supply Cu ion



MZEX| B2 obE

ck2o2 HItdel A&l tistol aRE ZhebsiAl M&stakt stoh 3882
olzfst HIMMZt wstRol7|of olHdSoels| HMAMAE Msol AHMECIUN=
atedo| ofct HMIMM=ZE 72X 22 (1) Suppressors (A A) (2) Accelerators

|

(BZZIH), (3) Levelers(& 2H|)7t Act. zt7te| Hdehg Zhets| Ay stot,

Suppressor

of #I7Hl= Y4E HIM=Estod FelEHo FEsch FEE FelEH2
EFAME0| A= Faxel MES etststo] HUMATE SMATI= ASE
stk SEET|AIS Field & % Trench sHREQ| FEEo0| el 2= Field 29
S&H0| Trench ZEct 27| 2ol Bottom-up o W& o|Zlctd Oo{AZICE
ol2{st HMIIM ZA AHEMH It 2ol AtS =1 Slct

Accelerator

Ol #I7tMl= Suppressor Ife| ZAMESUATIL U EF MEMYE RFFEc
H=o| Aot ZFEHo| FHFRSEAHO s TFEHF Al Histol| o
TAHo2 55 molAlez EFEXe 23tE Zt=Zolzt MZt=ofXict A=
QER| 25stR e =28 X st |f7|&sEE0| thEAl ofo|ct

Leveler
of HIlHE =FAES ofFsts 7SS sl o] 2ol Mk o =5

=
{20l Trench ofelF&2| 4

k=2 2XRol= =7 of#ct
Accelerator o] MEZXEIE AXstn UFHe HEMES SMAIFI= HSO|
S

izt
0z
AT
rlo
[l
0
o)
o
-
[0}

<

[0}
@

10
k=)
=}
o

Qlch 47} of

©2025Manabu Tsujimura. All rights reserved.

Roll of chemical agents for H2SO4 plating

(MJust after dipping: @During bottoms up:

SQO is rapidly absorbed in Cu surface. SO is consumed and A[] is remained at surface.
A0 is easily absorbed as S is low Therefore, AL] is more concentrated
concentrated at bottom. and Cu at concave portion is bottoms up plated.

A A iy A2A

Try three
magic
chemicals

U g

@During plating after:
Planarized by repeating W@2®)
at Cu surface.

(@After bottoms up:

A is reacted with concentrated
AL and Cu plating is suppressed.
Therefore, bottoms up becomes
weak.

(|
NN

WM
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Wafer

Cu ion concentration ratio
W

1 4
Current ratio

Non-uniformity and deposition speed Gap filling

©2025Manabu Tsujimura. All rights reserved.



Cleaning targets Cleaning modules Contamination control

Roll Pen Jet +

MAEHE HEX S™oAM A== chst M2 (Si, Si02, Si-N, Cu, Ta, Ta—-N,
S)old MHdae =24 2 FM(Foreign material)olcl. o|HES0| EX=

— -
oM ME=xe AAME Dsty| flsto] clHojlAzsHE F Oolsig eIt

(5]
aek Si-N - é: [—
1) Roll &: Roll £& =z 2|HAI7|H QolH EHS SAlof o FE MEsH= lst> nd V3
S Al
R e e o O U
(2) Pecil &: (1)t FABHA =2 rpm 22 Pencil & =2 YolH ZEMo| . -
sl L Roll Pen Spin df
oEES MESHE EFE AIAHOZ (1) Roll of 20| J1Y o] Mol= EE % v P
ghalolct, Ti-N = [m NH40H
(3) Jet &: EZFE Jet w&ol FItotod, 2E2tLY Q0lE2} Cavitation 8 7|22 Chemical | DHF MS ﬁ%m
3 jot MOl JH53iCh. Cavitation jet  7IZ2l S8l vlsh K2 Qejoln B | H202
Mol DESS MBsch olwH S Blanket A0lH I} ofd LHRE ALE HE
Pattern IOIT ETOIME Tuje| ESS et & Uck. — ﬁ o bl
(4) Spin =: o] 32 #H |E(2)o[Lt jet FEH(3) Module ol Mx|=lo] =Z

Cleaning modules

Cut BHEX|CIHfo|A0IAE e ¥Hx| Roted] ME22 CuE20lLt CMP &A=

320 MAE O 2 lssue 7F HYUCH Cu B FAE A2ES Cu oY

THMAAO 2 ost2 E 7 olch ol wo| Almxe Sof, yale} ps Clean room Clean room for Cu

Aaslg Swst Zzlo] Mx|stozu obdS WE 4 = Uxek v[Bo| wol=ch, ~ I-\ I Benicy

Cu ZH|E SAe| FRBol Mxsle o2 MASKEH 9saol AA =k | Bl cusess BG  CMP Clean Ouside
MES ZHYYAT DefsEn Qxgh ole Moz cldlolA Mol el Bl e # Cuplating Particle data
ANX|LIO{ZY M AbgtO[C. 3k 7| RAAS A Btojof Bhof Rzel 2ol b A conime

YE= oiTE|ofo} BTt ATE CMP oAl Fx| JIRAAE oo AZE uf 7}

1 [
- Deposition|

20
o
-

|
Q
=1
Q
£
s~

BG CMP Clean Outside

Metal contamination data

Contamination control

©2025Manabu Tsujimura. All rights reserved. ©2025Manabu Tsujimura. All rights reserved.



Pinch—off 7} = 22 FHol x| 27|?

M 3o He

gzol WMol FIF OMENE =g EQSH| fsiAM, <=M ITRS
2005 AlZlof =H Z|= QHAAMOIAM oM 2010 A =S EWH TF0 TFE=
Gap—fill 2 Aspect ratio (H{4/Via H|E)= 1.8/1.6 OlUct oi7|ol Barrier
571 3.3nm 2} seed layer &M 3.3nm € C{stH, M viid/via 2 Aspect ratio =
2.25/2.6 O|ct. E3|Lt Barrier 38 ™ol Ab2t8t Etching S=0| dsks @ Mg
235t Gapping fill EHAAM HZ ofgigs odgsz Ack E£5F 3.3nm 9
seed layer o M&2 IFHFC2 =2 X2 =0 300mm A HEo| 27U
SHECH 2Hef seed layer 7t MAECtStH2tE Barrier 7t M3 2=7| o 20
olmel Mahxl= HSHAXAEO0f 300mm grAwse] E4Ue S
=ich A= o|ME Zael FM=Z, 2010 A 45nm Mltiol= =8 seed layer

MErdnt ot olHR gap filling of &g 27Es = AL

&AM Dummy X gtofl 2|

el ZHE Mulste HalH

o
H'|
ro DLI

& Seed ¥ FHE
OFSIA|ZIX] 2211 SR =AM MA
Z 0.1 m2 Aspect

af
FasEe] zads(HolH Huy
4.5 =

9| Contact Hole 2|

Fo|) 7|29 =2 wo| A (Dummy Mg 7|58 717 SEMEE ALESHK|
=) Seed & T 7t 60um HEo|H AY|e] M5 (Aol HUHALE 3sigma 2
10%, HiM=E 0.2 mm= Aspect ratio 4.5 2| Contact Hole 2| =

AUX|2F Seed & FHIE 20nm M2 =X gfow HME 5 gich

©2025Manabu Tsujimura. All rights reserved.

Gap fill in Pinch off?
narrow holes
45 29
Cu seed
31.8 [ /
A |__Barrier
% ¥ Wire
f Via

| —

Wire and via dimensions for 45 nm device in 2010

|~ Dummy material

= > Electric circuit

Device image

f-_ ‘ﬁ\ Wafer

Dummy plating tool image
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| (e) anode | | (g) Inlet (h) Upper chamber || (i) Lower chamber

(b)Edge seal

TmmlUTF

(c)Electrode

[Load/unload]

Anode head

Stages
Upper %
Intermediate
Lower

[ Deposition ][ Cleaning/dry ] [Load/unload]

Function of each module

Dummy plating tool description
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Conventional Tool Dummy Tool
Circulation bath Narrow space and no-flow
peer__| I I
JYVVY Dummy /Amode

EEEEEEEEEEY NN

Electric
- field {— D
Wafer Chemical

Wafer N X

Anode

Cover plate Chemical flow

Difference between conventional and Dummy plating tools

Density is clarified by color
66 % cover

Ty

Anode :_ Y, 1. Cover ratio 100 %
Holder - 3
B st o Cover ratio 66 %
D R
- Dummy T .."“_ oy I
1111 '
Wafer seal 0
0.
8' Cover
90. 95. 100. 105. n

Electric field simulation by FEM
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A
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e
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edge FE2 FHE B
A7} TSl Eck

Dummy &g 718 dummy =32 &1

Dummy T3¢9 &3it= ctS3 Zo| @okst 4= Uct
m Z

(1) Zaiel (Dummy XMer7|sg 7t& & %) =8 Bath
T2y A2 Seed Y FAHIZF 20nm M T2 QA =™ FUMo| tstEICh

(2) Dummy M&7|lsg %= ZHME ol8st=zol 25 ST& Seed Z2
FHel etatsiyt Jtssict

(3) &&HMolelst HetMo{E Jtsot =t

(4) A=A YolHHY #LM2 30 3mm EE (Edge exclusion)olA 3%0|5tE

o gholl 2l 32nm AlCjol=o| =2} Seed Off CHEh FelHiME =ZFol 2l

HHILSSIEE WS AlAbsta Qlet

il
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Total resistance distribution

This is dummy
resistance effect!

\/ Dummy resistance distribution

+

/\ Seed resistance distribution

Seed thickness distribution

With terminal effect Without terminal effect

\ \

800 800
\ ; \
g O og
E 700 \ SF & 700
ngpAf npl
2 00 ", . 2 boBA8AADLADLOOBASNAS
£ k| 600
2 .8
= " Thi £
= 500 ek seed S 500 O Thickseed
o ‘ © <> Thin seed
400 400 I I
-100 =50 0 50 100 -100  -50 0 50 100
Wafer position (mm) Wafer position (mm)
Conventional plating Dummy plating
1400 T
g 4 33% (Experimental)
£ 1200 !
~ " 66% (Experimental)
21000 ¢ 100% (Experimental)
2 800 —33% (FEM)
< 600 —*—66% (FEM
=
O 400 —+—100% (FEM)
200 100%
00 5 10 15 20

Position from wafer edge (mm)

Thickness control at wafer edge
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2
Rl
rr
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3to] AAte
= aro| TE ZAs
I 2ol MatAdot=td gtEAl FHO||

g  Bottom-up O 7t
Gap—fill "etzleln sk= Zol J7HssHA|
Sl 7l
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m m

Cragt getst =533

MR 2Bl "etal =aEa3d S0l MEEHJAC T2t ofF EHE
M EOf X X411 ot 9 ke ol= HENEE SHI|RISH0] O{2{IEX| 2MIE
Ol getotEX], 282 HMAHSh=olo|E|o] S0l Met=l1l UX|gt A=oll= 4 =0
2fzol odes 7| HEolck (o] 222 LHARMOl MAISH MHOMe HECR
EtalAl Ex|o] H=E olgstal RAUCH a2=22, atsidel AME ALSSHR| g4
BAEX L gEEr =X phertE d2tsto] kgt 22 olo|EofLt LA
= Ach

Porcupine &8
Aol OB2 Porcupine 8o S Ho{F QUct ZcHS
_CI)_

6%— 9 ol -rIOlI -T““*OI ‘Es‘% =
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Strait hole

Smooth surface

Pad image
Plating process Etching process
R
[ — Pad
Seed B R
Dielectric
Process(D
Looks like
porcupine?
/1 Process ®

Conformal A
etching d

Process @

Process @

Process @

Residuye™
1

\

frocess @ -

Process @

Planarized not depending

Thin on field.
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Cap &9 SE1} At
Cap 2532 X1 Atk ofeffet Zct.
(1) =4 viMdel dFo0|7| ufE2of| XX stolojotst=Fo0l M 1 At =21,
(2) RERMEXNUE SX2=2510] M Fokg Hotsict,
Z, Si-N 1t &2 27|2 Cap ol A8g AHsHA| gd=ct
(3) Cap &%= Electro migration(EM)Zt Stress migration (SM)& 2tot&ECt Ta-N
= °_|EH 7(-10:] J—I'Ol xF=Q

0|7 m =0l Cu 2te| Y=ol Lt
sS40l =ch

barrier layer & EES

ut2tM EM oLt SM Ol oi7|of M 2t st 7
(4) Cu2fel ZEM0| E2=H Lo
(5) ™8t Etching Aloll 252 Ech

mo N
0

| g Set alavt ¥AYS Yok

>

SfH™si=goll 28t Co Al Cap.
E=30= EMUY A=A Zd%ol Eoh EMUi M Ealol= Cu®t

Zteffe| CNT (Carbon nanotubes) 2t
0

EMuiAol 1008 StAtEICts HOE

Co = AHMZE= 5-10nm H el 9tg HofAl7|X[gh, J2lol= 2-20 wmel 48f0]
TZAZholl vl stod Moj=ln U= olE CHERHACH FHSEZM =, Bath 2
22|t 8HsEe #alE HEANS|SHH olHEel Moo= 7hsstAl =t

FHM=Fsk= 7lsel A MEIM(Selectivity)ol RUCt Cap metal 2
Sl M Abof| 2 oF Hodgt ool AR AM=lM 2sto| delez
Ech RNsizge del FMexMo=z Mokske Zdol FEol Us wAlo|Y]
2ol ol RN =FollM MM S SESH= Zd0] ZHALS| Know-how 2 =0 UC
ChS Ao SEM ALZIOM = Co 7F Cu #leF Holatelof MEMoz Motzl s

H
F1 02 mo Ao

ol 90H Co-W, Co-B 1t &2 %&F7I AUrt,
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Thickness

Dielectric
DCL
(Dielectric Cap Layer)
Such as Si—N
MBL
(Metal Barrier Layer)
Such as Co#i &

] Note) Barrier is needed here.

o=

Thickness control
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Bump =&
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O0|& Bump 2t
8oz L-I-E}LH_T'_
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Bump image Process flow

Resist
Substrate

Bump plating

Resist removal

Re-flow

Bump plating
tools
are prevailed.

After re-flow

Bump plating tool

Fn

Y
Wafer transfer Multi-chambers
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Indonesian engineer Manabu in young age Manabu now!
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Chapter lli

Wet Removal Technology: CMP

©2025Manabu Tsujimura. All rights reserved.



S0l M SE Clufo| A7}K|

el Aot e x| Aot 74X (CMP)

H o2 & olMe =0l 7t 22E Tl § ottty dAZ=EHUc =50l
HMAgel 22 king ol2tH, ooz SheF king olgtn & # Aot Aoyl
B OAIE HER 22 ZEAIM7)A UM FE AUAS 7|0l

=228 dotete A2 E2 %’é‘% AtEshHE Aoz dWof & 5 Ut
of& &9, S0, & S0, 2 ot & & Qe A ok gtz el cjsfolAol=

Si0; olelol= "HAH(W) oLt F2|(Cu)E odotste e UL HAHS
af

dABCR, Falg F2|2 Antstx|= ghecth ol Fol tsiM= CMP = ¢dotel
dA ol As AAMFE Eeloh, Oz E7sty, Hoks T3 vz
Clatola  "Hetstg Mol Fs 7[so0ln, Ye=2s FE O ciyst 2=s
Hotste{s 277 LERd Zdolch EFF gEEX ZofolA JHEE Aot V&2
7|Eo dnby|so| 28sts S, ¥229 ot 2otz sLez JIEE Mtolct

CMP 7|& At 7HR

CMP & Chemical Mechanical Polisher(2 2.”5.7|71|79.9_1'3Pé*'|)9| okXto| 11
2sdo| gtz A Clolo|Aacel HEetsl ZHoM glojM= okEl Ax|olct C
elef 1980 A= FHtol IBMOollA “HEFSE Process for Logi Dewces"E}i 0
JHE=|ACE Logic CIHIO| A= M 22| ClHto|Aof HIs) O B2 $=2 S(layer
tX| D U7| 2ol HeErst SHo| O TECH

Logic ClHtO|AO|M chip M4 F0l AT dHIMZ| D0, Logic ClHIOIAZ]
22 E flollMel CMP = Al ALE=O0] S Zolzt M2tEct o n|=2 Intel,
Motorola, AMD &2 3[AFE0| CMP & ghots%ch O YAlel 29|
ClHio|AZIALE 2 HAHEO0| M 22| A2, Spin—on glass(SOG: method to form
dielectric film by coating)OlLt Etch-back &2 Ct2 HEsIZHo=z HEL 9
RTE UFAZE UAY| 2ol CMP £ Ol EsHX| Lyct O HAle] CMP
Bare silicon wafer ¢10I&H|E &85t AU &oll, Clean room Lol HX|==
CIXtRI =0 UK gbRtct. O Ol R2 CMP 2te| EHs Z7to| Ee=ofjye A
De{stH, UEo| ClHiolA FALRME= CMP AlARES TS|zt #X|gk
MERO[ACE D M2Zt=[ofZIct..
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Polished Iron to iron Diamond to diamond? ~ Polish = CMP
stoneware

The oldest technology to

Semi-conductor process!
Talking stone

Much dust! *
S

Motor

Dirty, Hard and Experimental : Three demerits
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Dry—in / dry-out &

72‘>*7|9| CMP ot 2™ZH Fo5t detst 7552 ofgfof &t

(1) Bias CVD method that performs deposition with a RF bias applied to wafers
(2) TEOS/Os flow & 0|88t Thermal CVD H

(3) Spin—coating ol 2|8t SOG #

[Interconnect & Ets}]

(1) Al deposition =2| Heating and Fluidization

(2) W 2| Blanket CVD ¥¢2| Etch—back

ojgHoz: 1980 dAf FH 1990 & ZEHX|e| 7|£E2 350nm OllA
250nm  7tx[el Z|&X uwZEol ol&=dct. stxgh olst J|lsE2 ookl

(Damascene) 2&2o| &322 2lsf CMP 2 A = gict

Dry—in / dry—out

1990 ddiof S0{M HtEAel Scaling 277F ©H  HAs|  Fol wef,
U2 ME CMP 7|&0| = =[*Act o] AlZ[oll CMP Design concept o 2
Aol AUt 0]Z40] Dry=in/dry—out Concept O C}.

O Concept & ARE8H MAo| 2|5, CMP 7} CtZ2 Dry process system Zp &2

ot M AR E Zdo| 7|=7} =0, CMP Alg0| 7t&3st =[Qdct CMP = ILD

382 SAH2Z 200 mm (Wafer diameter)/250 nm (Technical node)A|CH of|
fslf, =rCiof AHE—E— 300mm/130nm MICHE SkolsHAl = ALt

of M2z AMde Fest S22 FIXK=E 4z = Asd, 7[AHAF
ZMHO 2+ 300mm M[CHoll Dry—-in/dry—out Concept & 2t Qlofl U1, SHSZ=
130nm AMIcH o|=<2| STI(Shallow Trench lIsolation), Damascene Cu interconnect,
low-k material, Soll 2|8t ZMo| ct¢stz £ = JAct CMP & S| F=std
Alti 7t Bt SAloll, Process 2t Mechanical performance o CHE2 Dry process
olatoll st @7It HalE ez Heolch |ITRS (Global standard for the
development of semiconductor devices/systems) ZOIME CMP = =ZpAltiel
Clatolaof EH4HMol 7[sol2t ZIM=0of, CMP & ZTAMAXc=Z 2lAl=T|

AlEfstoict,

L

mom
Lo o

0% 0§
f]
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Other planarization technologies

Conformal deposition Planar deposition

o A
T

Dry-in and Dry-out technology

Dry-in Dry-out tool
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ojefzt 2

rlo

CMP

o|Mzt, i stel 7o ZHEHSE CMP
ct2 molxjel &2 CMP 7t olAEtet floll 37| oi7ZE3Ete] Histe|
YoM oEH ASEUA=XE HoiFCE  200mm fOIHAICHOIAM, CMP =
350nm AMthe| cClHlo|ASo FEXMo=z AMR=T| ARG, 250nm Mool
CletolASAIE del EZ=Act. O = CMP = EHlHbolA2o] oM Eto M=
Aol 7[s2 =AMk 200mm [oly ZA2 300mm Holmol| #ol=
Jaf 27| uf2ol, CMP = 130nm MitHe| Cldio|A S0 A ALS = o] HEt.
SiM, CMP = S7tEoiatel »Erst, HAH contact (via), STI, Polysilicon £t}
J2|n clopalade Eestol 45nm Al == O olF Mool chkst
T2 M A0 AL EO{RICE 0|2 =|Fetel ClHio|A Mitof glojM= ohE J[&0

A

i

g3 O2|3 CMP 9| = CiE &84
22 F rjdlojAol HEtTEE dH|wEk ot StbE CMP 2Xo0| S0izt
StLb= CMP glol =0zl Zdo

| getspr 295 o SofEch

rol

Ct. Multilayer Interconnect 0= 2+

O

MP = st Surface modification ofl
tch. ool == DU water BHE ASSH ool MA = 3nte| gatTi™ol ol

S 3
of o= =Z(nodules)2 M7Hst= & CMP 29| st &&80| 7hs3stot.

CMP = otekolct 2!
otefolz2t= 0l CMP £ =@t/ =g FAHs| 22X =Bt stxjgh
?lel #H2 CMP £ ALEsks AdX|Lofoldl Jx[le =&olct 0|Ad2 AlzEo0l
“‘CMP? I H{2{2 3%7?70l2t Lstn{, CMP 2FE 7{2|§ FHe
OlofzfolEt. T YAl CMP 7+ 2| olE= 2|2t off =
XMEol= ol QUX|L{o{7} =halof XpX| ghotsto CMP £
CMP & AESHA = 19 CMP off ofgh &Ee sHQiet. & HIS tjstol29
z2Ho| 2Y=EHets O 2¥2 rtlatolA9 oHENIX] =SR] o, #Etate
F37t o2 Ects A8 ZAMCh 1 d=0l, 2= CMP AolM Z1e| AX|Lo{7t
=Act =2, 3= CMP 810l EIBlOIA L EXSHX| PFerta thARict Aol
d= ol &2 HM=n Zol CMP £ otefmt Zokn 2SRl

OFA IR = L 7H&=0ll HofRlot

©2025Manabu Tsujimura. All rights reserved.

Scaling and Bigger wafer trends and CMP application

| Scaling

200 chips 350 nm

LAY LY o GMP
LT~
= L
3

CMP seems like
drag? Once you

used, you would
be hooked on.

Ifso,amIa
seller of drag?

Si substrate
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Preston 22 HE{2| A|Z}

Preston 2| 4{(Equation)

CMP 2| o|Zo| Yo M¥E=[of Act CMP = HR st ool IPH S Bare silicon
olmHoll HEAlZI Zdolch Yeo| Made ddtdoz A= U= Rotary CMP &
o2 £ zo|ct.

folHE SlHol olfzs HEES st Yolmgfziojol XHsich &2
(Ae2l7tet 22 F=%°l Abrasives 5= Z&8)= Rotary table 2 HE=L|of
E0{MUct. 22 Backing EE3} mfA Afololl 7]0{lof, olHFH2|ofoll 2|sH
ofopyt =lch o] 2PY SoF Rotary table o} ¥olmH7i2lo Sct e ekt 79|
Z

22 £ 2 =0, ot K== YolHoll JistE stEnt Aol vl St

odot= ofeflel Preston o Al wEct
PR = kPV
PR: @0l % (m/s), k: Constant (Pa™), P: 910it2] (Pa)
Vi AUEE (m/s)

2™ =0 Flct 2kef Rotary table 1t

A i
Hol 3|dol #2 g #Z2 &fE2tH Aotz folH ot MEX|
=

greb stsixoz MstEl S22Vt ARSEH, dot HEs 2TolE dEgs
2g Zolct ol A=A, ot #FE Ao| AtEECh

PR = kPVT®
T: dojAlel 2% (°C), a: 22X

ZdoAd SHoz S22l &
2
=

ei2|ef kol ztEch
PR = kPVT*Q®

Olg X ®zHel Preston A2t 172l S&E& 40| AA el ¢ioto] AtE= 1 At

SN T
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CMP Principle

Backing material

| Dresser | | Slurry | | Wafer carrier |

‘ Let’s start with
Preston law.

@ Dr. Preston
(1896 — 1989)

w : Speed of table and carrier

V1=RO* w

V2= (RO—Rw)xw +Rwxw=R0O * w
V3=(RO+Rw)x Ww—Rw * w=R0O * w

. V1=V2=V3
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0|Zio| CMP C} |

Ztchst HErs 22l My

of 29 442 CMP = Zichsh gholzt o I ch ¥As| LXtstH ct=x| gk
Ol A Mztst= Ho| XH2ol= olsfisty| #/& Zolct. CMP = &t&Hs @4et
1AM @47t XM ot Jtzolch O3 3EA 4_/.\_9} JIAH 24Tt FAIX|
QotE X},

(1) &k=at

Si Ah=hak2 SiO, (Si di-oxide film)2 E7|=0f, 0|W2 AO0IYAIR 22 MES=E
85t Zo| 7|&Eolnd, #2 MES7zlol22 FFol 2| ofE Aozt
Mzt g7iel2 muHe HEAZIH(EENA), O EWHEs  AdoigkE

M1 AA)s= Zdolct.

SiOz (SiO; abrasive + 27t2|-&H) —> SiO,

(2) = H

HAHD ZH2 =g&s AnldXR Ji3stH g#ol LrlEch (859 RE21
TrAR EHMEM 9sl). 47| W o EHE M3t AlFHZI O|HE S0, 2
odotst= Zm Zol Z[AHVIEE sk o AEE EEHE, JiEsE T|AIFolgtn
st

W + Oxidizer —>WOy

(3) 7+2/(Cu)

Jl2Mez 2 YA Sdskxigh FEle YHAHID 22l dM==
AbstEtol Zstal giok ©E RA=EO I =422 olsistE ot oYM FEls
Mstatg gt=E Aol ofdEl, Cu RAt=2 = ol=ol J[ATtSE sk O ool
Cu = &t3stHA Cu 2422 Ech o] 28 3Ed, dMEoXle FitEs
Jt8ste dol 7IAA a2t g = AAct

Cu'atstml => Cu™(CuOy CHAI, sk A5tz FF =)

Cu*™ + Complexing agent —> Cu F4t&

©2025Manabu Tsujimura. All rights reserved.

Bible should be easily

First dia. 20 nm understand.

Easily, easily.
— ‘k Second dia.200 nm

Particle
+—— Chemical
LD Pattern

Chemical(Including agents)
W Pattern

Cu Pattern
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Preston’s Law ol Htclf?

Preston @3} Non-preston &<
Preston &lolelall ZAEZE == A0lE Preston ¥odolzt E2/0{x|=dl, = =0l o]
o2&l AlojM ZHo{Zl ooyt wed=Qdct 0|2 Non-preston ¥olztn

stof, T2 sjstsioz e s2f2lolM ALBECH 0/H2 Etching O Fotm
NELICTE 1)
olofs ol sEr eset JAA e47b moistm 9ok ool

Refxedrt? d2ln T sstgbgant Z(AZES AolHE Mol ZXMAM, Chip LHolA
7.

= S
o5l T Adelvte d2tste Aol CMP 7|=el Zolch

dsg ZEsH
dotdoz Se Mz o d52 SYHEs 7| AL sl
38482,

A=
- Yol AMAe H4AdM
- Chip thel 7N (g F|AHLE Mol EHoEN)
- Defects (ZtE| 20|t Scratch &)
AN ds2, (&7 SHMsEs 7|Hteg)
- Xalds Throughput (whp)Lt Tact time(min)
- Al 2|4 (Reliability)
- Ak X 2=(Poductivity index)

2 "IbElch CMP = Ol" vty aAlofl J[ZsHAM,CMP of S8 T &
FItel 7t A M 2ts HAL
gote=
(1) ool £k wEFS Eo4, UK J|E2 1 &2 Process 2 St oref
2tol £ odot=l= 2YOol 1 mol2tH, Aol == 1 m/min Olch dbx{el
ZtolEgztelo] 2ol pct,

- ILD > 500 nm/min (1000 nm/min ¢l <% AUS)

= 8Tl 200 nm/min

-W 500nm/min

- Cu > 500min

)mmEE Z 3 0 3%.

(2) 74 (YOIHLY) : Blanket A 0lHZ HZE 3 (2
714 47t 2 MEe JdollME s=2 Msol HE SHEMUE LERA
A

= sty 4t 2 gHdotilME Lot sttt

J
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1500

1000

500

Rate (nm/min)

T

10

Terribly sorry.
Dr. Preston.

20

30 40 50
Pressure (kPa)

PV range of several processes

SN 1 910 B

IR PR R R TR

.
.
g
.

eoolecoopoe

§evdercvdsnpenceinnint
oooooogouooo

v

400
350
300
250
200

Removal Rate(nm/min)

150
100

150

125

c100 78 50 25 0 25 50 75

Measurement Position (mm)

Wafer non-uniformity example
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[Several materials]) [Several slurries]) [Several pads)

ILD blanket

-3 10 cwouoé y. \
ILD pattern RpRla® 5, $¢ﬁ¢ ¥ /
sea == aa 040040 4 400°

Cu, W,Poly-Si,BPSG etc.

Pressure control

You should
learn CMP
peculiarity

[ CMP Profile control])

AN | AN

4 N\

Thickness

-150 0 +150
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Planarization performances of plating and CMP

Substrate

Wide pattern 90 % dense pattern - CD L&S ~ CD isolated

(Pad) (CD is design rule) Dense  Sparse
Dishing of plating ¥_Mounding El
g
<
=}
2
Plating g
a
Dishing of CMP Oxide erosion Recess
¥ ¥ 2
X
CMP
100(120)
Widepattern 90 % dense pattern  CD L&S ~ CD isolated
(Pad) (CD is design rule) Dense  Sparse
Defect classification
Blanket ]
Scratches Corrosion
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CMP application
Device Step height reductio

Oxide Erosion Dishing Barrier
W plug
STI Stopper f Dishing

Several CMP processes

Difference between bare-Si polish and device polish

Surface wave Device

\\/ ~

i

20um

e —

1Y
\AUNA

<Bare-Si polish> <Device polish>
Thickness control Planarization
Only Si polish Several materials
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Blind CMP

Recess CMP
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CMP system

Slurry supply Polish Cleaning Waste treatment

Multi table

) A YA Y
Polisher @ /@ /@ | Multi head
O
o O
o O
Grinding
Fixed abrasive
Small head
Small table % g

Cleaning

Ozone water
Tonized water

S

@ @ Functioned water

Vertical
One bath
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Monitor

Current monitor

Film thlckness
M Chemical
(

Detect monitor

Comparisons

Optical

Vibration\ o <>
\' Y\

N <>

Vibration

— Mot x
Motor current / Eddy current

28 = -
= i 5]
5 |1\/W s g > Ta
5 A2 A =} N\
) © gl
time Time
Device Device
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Raw Process Time improvement
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Chemical supply systems for plating and CMP

CMP

L]

Plating

F@

i
EE!

K Wet systems

Slurry re-use / re-cycle system
cMmP

Waste treatment

Fﬂ

-

Filter

Slurry re—use
Slurry supple

Slurry re—cycle
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Blind CMP

AW | Initial step height
irely_ . = =

ILD
Step Height
0% planarization
Initial
100%-
planan'zatm
X Final
The basic CMP 45 degree

is thermal oxide. Polish amount

Planarization performance

l

(L N

100 ¢ mL&S Local step height in 100 4 m L&S
|

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

The more scaling, the longer planarization length
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Principle of oxide CMP
KOH

H H H H
(0] (o] (o] (o]
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o0 o0 ° |
K RS K Gel surface
(03 o o o
T T, T T,

—Si—  —Si— —Si— —Si—|
N
? P P P Sio?

RR pressure Back side pressure

Temp.
Fineness

Edge profile Center profile
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Profile control by back side pressure

BSP=intermediate

Back side Experimental BSP=0
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Profile control by retainer ring pressure @
3 =
b
/-’

1.5 I I I
1.4 .
1.3 Experimental —1
212 | Bigpressure | Al
A B Y - ]
- 00 O I I g
S0o T '
8§ —  Small pressure I S
06|11
90 91 92 93 94 95 96 97 98 99 100

Wafer position (mm)

Profile control by rotation

Nt>Nw Nt=Nw Nt<Nw
RS 1ty tty
.\'\\\\"\\\ t i, thirdr,
£ \‘H\\\ X ! T11"“”’1 Tt ! 1’1’1;”} ]
IDRE S S REER DR Ci DRI Q 1
¢ s 1y r’ t t N 17111 At
rTpltertl 1 11H11 11 TR by
rrirty Tyttt \.\\\-\\\
L pal t At AL

#) Nq:Table rotation Nw:Wafer rotation
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OflA ¢dort

Improvement by pad dresser

Non-uniformity

. Worse profile

/ A
\

" In between

Dress effect
=

%M ff Better profile
"-O-qu-ﬁ-‘* + ‘

Pad position

Table center

Slurry flow control

Polish rate
o o

Stick slip

Slurry flow rate

After countermeasure

Big Big
= g
2 2
g £
= = 6 Vibraioi
S 'S
~ =
Small Small
Small Polish speed  Big Small Polish speed  Big
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Specification

Before polish Step height 700nm-800nm
Polish amount

PETEOS :::]E: [E I
Performance (300mm wafer)

Items Requirements

Polish rate 2300nm/min

Non-uniformity( WIW)  <3% (1 0) EE:3mm

After polish

Measure point

e

Example of wafer non-uniformity

450
400
350
300
250
200
150

Defect (Surfscan6420) <30 pes(20.2 1)

Polish rate  (nm/min)

-150 0 150
Wafer position (mm)

Example of step height reduction

g 700
E 600 N
= 500 Silica
.g
= 400
.20
5 300
g 200
S 100 [ Ideal line
§ Dense Sparse
O 0
0 200 400 600 800

Polish amount (nm)
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STI CMP
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odofel @EE2 (1) Si-N @ Si0, of MEH|E =2, &80 1 : 30, (2) o=

HotstH etz Si0. 2l Dishing & H7skE Z0let.

.

STl ddojolM= Scratch (PS)7F MEe2tm 2T =zbedol ofuch Si-N 9
ofef 7tx| Z+&3h= Scratch = Killer 2 NG 7t = X2k, ZHESIX| 2otE SiO,off A4zl
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ZECIX] =S "ot otulH loiE? It SRsEtch = EX| =EEchH
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|

o

Monitor
I MEH|E TRl Mzlotel ddojolM = opEto| w2t =& H X7t Jbsstoh
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Device image Recess CMP

Deposition
STI
After CMP
Stopper Si-N range
Example of STI
Cell Array (Center) Isolated

Before CMP

After CMP
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O IIX| STI o Zek

CtE2 of2{7tx| STI dotrglg tefhct o{EA STI 2 S2ol 7Hsent?

Reverse Etching 2} Direct ¢iof

SAF ob23 MZtE glol Direct CMP & AA|SHH, Field £2| Slo|7t g X2
HErsl =[X|f1, Stopper U7X ZES LY AlZ JhsMol Aok HI|M Mzise
%= A= $HIHX| 2ol Reverse etching HOICt 0|72 222 OZlof Lietd zdn}
Z0l, "ESES| of2i® Field 5 © 3M™olAM Etching 22 gloj= odot
gholct olEA so=z=M LSO gl "etslsks Hzl7F Hotx|7| w20 & Al
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Dummy patterning 'H

Dummy patterning ®0|2t1 St Dishing O & AHIM7|= Pattern of Dummy 2
=g UE AntE st= 2Eolch ol Dummy 29 dix|Lt MA= Device
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Reverse etching and direct CMP

l Reverse Etch

CMP

Reverse etch Direct polish

Example of bonded abrasive

Bonded abrasive table SEM
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F2AH(W) CMP

et 2H
HAEl Contact O[L} Via @ Image & 1822 LIEMCH Hdate Atsiato|d,

Barrier o= &4 Ti/Ti-N & 0| &8tct, ma2tM, CMP = W—Barrier(Ti/Ti-N)2| O|&
Aozt =10, 3 2ol Single Wafer CMP Process 7+ AC}h.
RTALER ofefet Zoh (MoHof w2t X7 HaEkRl
- Oxide Recess : <10nm
- Oxide Erosion : <20nm
- Dishing :<10nm
M= olzst @FXE HAstes W2 HAsHX|TH Process 2M = YAH
odotet Barrier (&t&t2 SHE) odotel &2fElE L= 2 A CMP 34 12l

gho] MEE doteiitiz]= 1 etA SFol Aot
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eeds| 2 A

MMMHozRE= 1 o Process 7+ 2HAMX|at 34 =
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AtEst= A ozt Mzbeh 4 Ut
el

YAH CMP o d2lE otefoll “iEpACE

(1) =M dA28 52HE MEA2 AFAIZICH T2|0 ASHAof= DHhEREA L
ZoE S0l olgd £ Uct

W + Oxidizer — WOx

(2) ch2e "8 Mslats J|AXMo=z M7 scl o] Y mj=el Moz

SEFUs Moz MASte A2 "EEIE 0| FOo{ &It
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Device image Recess CMP

Oxide Erosion

The principle of W-CMP

E‘E—E—,g—,g—,q:;..!r,!.!,é —
Oxidization of W (WOx)

Only oxidized W (WOX)
is removed by pad.
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Mechanism of Cu residue

@W deposition E = £ £ =
@W—CMP Erosion =_=+?E
=== =
@ Oxide deposition -
== = =
@Oxide etching R

®Cu depositon

s
T
IT‘

.

®Cu CMP

[

[IE
Il

% (]

s

@Cu residue (upper view)

N

B

Edge over erosion (EOE)
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Cu i CMP

Cu CMP £ Y28 CMP 2 H|XsH Mdsiict 22 sjdel ddol2=2

o — =

Blwst= Zdof s 1 Xpo|7t HWEtstct.

Eet A
Cu HiMe| Image & OB Z LiEYCEH HoAT)
Barrier2= 84 Ta/Ta-N =& Ti/Ti-N& o|&stct, w2t CMP= Cu — Barrier
Ta/Ta-N 9| ct2 &&F<2| ¢40}o|X}t, Single Wafer CMP Process O| Ct.
RTALEZ ofefet Zoh (Mool w2t X7 HaEkRlc
- Oxide Recess : <10nm
- Oxide Erosion : <20nm
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- Cu — Cup" +2e”

© O+ 2H20 + 4 — 40H

- Cu + Complex — Cu (Complex)

- Cu (Complex)
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Cu CMP 2| &Al2 o|=2o BEral SUE &=
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Device image Recess CMP

Deposition

AR

-5

After CMP ...

> —

Oxide Erosion

The principle of Cu CMP

Cu is oxidized.

pror wEm B

% - /{ \_ Cu + Oxidizer-> CuOx

/ zf% ﬁﬁy ﬁfﬁ; Oxidized Cu become complex..
. CuOx + (Complex) -> Cu (Complex)

//fgx% /f%}%/ﬁ% E);Lya gu complex is removed

e
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Wide Dense Sparse Wide Dense Sparse
Initial profile Final profile
Conventional plating Step height Step height
by deposition after removal
CMP
ECMP
- H > ECP >
| « m
Wide  Dense Sparse Combinations

Preston Region [Non-Preston
Conventional plating with dummy pattern Removal Rate
Cu (Comptex), (nnf/i\in)

~ ' T
Wide Dense Sparse
Q-C# -T% (Dissolution)  Pp Ps (Preston’s law)
Planar plating Cd (Faraday’s law)
> o
> 0
WA DETED e > Planarization by removal
. _
gl
Planarization by deposition (Special) the general principle of planarization
Corrosion (Wider) the general principl
Void X g, of planarization
- |
\ . Lowk(l) Interconnect [Qoblems (Global) the general principle

of planarization

o)

Via Scratches
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Scaling and damascene integration

Cu/Low-k damascene

45 nm
Cu device
CMP used

et s

Damascene —
e

Lower di-electric constant of interlayer dielectric |
Si0, -> SiOF -> SiOC ->Organic -> Porous

80 h

101 .*}<7MSQ/PAE | |

1 2 3 4 5 6 7 8 9
Dielectric Constant : k

£ 7 + <7 PE-SiO,
O

= 60

=

3 50

S 40 * <# SiOF
=

@« 30

an

=

=]

=]

~

Di-electric constant vs young modulus
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FEM analysis of damascene structure
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Di-electric constant vs CMP stress
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Comparison of several planarization technologies

Process Planarization length (mm)| Pressure (PSI) Roughness

Grinding >20 Big Big

Fixed abrasive ~20 intermediate intermediate

Polish ~2 0. 25~10 Small

ECMP ~2 0. 25~10 Small to intermediate

ECP ~2 0 Small to intermediate

Etching 0(~"7) [o] Small to intermediate
Polish ECMP ECP Etching

Elecmtrode Electrode

B )=
o 5l o o

Electrode

Wﬁ Electrode < < < < < <

Cu = Cu"(Oxidize) Cu-> Cu**(Electricity) Cu > Cu*(Electricity) Cu = Cu**(Chemical)
Cu™ > Cu (Complex) Cu™ 2 Cu (Complex) Need for planarization Need for planarization
Cu( Complex) T (Mech.) Cu (Complex) T (Mech.)
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= 07| CMP - ECMP - ECP - CE ¥ 1
. REZE JEO0AM O yelE el ol2fE
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CMP 2| (Preston’s Law)

M Ji=ZRe. 8ol Ji2E HNEFEE2 o MAe dE5E I2l1 HErste
Mechanism & UEIHDT, Jt2F 2EF2 CMP oM Hot & Down Pressure
Po(kPa)2t At £H=2| Ps(m/s)7t Qch M2F2 AotE T (nm/min)S LHERHCH
A EZ2 o H7He 253 g EAlSID, B M2 2520 AME AME| ol& ZA
st Zolct CMP o Z=ol=, M &stAof w2l Cu = Cu™ =2 astElichA H).
Cu™2 X&tAloll 2|3 Cu(Cu Complex)2 HststCH(B &).

0l Cu(Cu Complex)& ZIAIXM o=z MAHsSHX|gH, O H{E71 odol 2 (P,)=h Al
L E(Ps)oll Hl2fstch 0|22 Preston’s Law 2, Cu(Cu Complex)el Z&Fof e}
of £57t ct2ch,

e

ECP (Faraday’s Law)

2% #HE2 MFE Uz Ci(A/cmd)Z, 9 Mol WS ECP 9 Zo|
Faraday's Law & M2 Aoz = giojolct, MiEE S
SEFE MEZECoR MAHst= 2eiel daff odotel el AFo| Csto], MM=E=

HSC 977t Wastot

of
22 o ¥

ECMP 2| (Faraday’s Law & Preston’s Law)

t2E 258 HE ZLE CiA/cmd)E, I H7iel dESHe ECP 2 Zo
Faraday's Law & mzgs 2dez sich M #7] oduxolA Cu & Cu™=2
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olsf Cu(Cu Complex)2 #=HB #)stx, 0| Cu(Cu Complex)E Z|AHXM<2=
MAHstcE ol = Alel Process OlAM  &HEEIF Faraday’s Law, 2 M4 HEIt
Preston’s Law & t2cCt = &3 Process 7t CHE| & & CMP 2F Zo2 =2,
HEtSl Mechanism & CMP °F Zctn 2+gh 4= Uch,

CE (83l d)

Jt2E AZ2 Etchant €5 Q, S C, J2l1 % T o QCPT*E LtEHACEH

2 Mol HMEyHe Sdye wEs Hdez oot AMEats 7Mool o stk
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Etching 2olAM ©Hg IsHAlZ|7] 215 Adez, J|2He2s "EHs 532
oilch SERE MEMo=z gsjAl7ls He WFE HIM So= MAED
2Uct.
Pad Preston region ¢—J——p Non-Preston region
Slurry Polish rate
Cu (complex) (nm/min)
CMP 500 (nm/min)
Oxidation
capability Cy (Complex)
Cu (complex)
Driving force of removal 5 Pp Ps (kPa+m/s)
Planarization mechanism Preston and Non-Preston
Polish rate .
(nm/min) Non-Preston region
day’s | //J\\
ECP acaysiav e 500 (nnTenin)
A\ :|
&M‘HTEEA
20 (A/cm?) 5
Cd (A/cm2) Pp Ps (kPa-m/s)
Pad Prestonregion | ) Non-Preston region
Slurry Polish rate
Cu (complex) (nm/min)
ECMP (O)—RRmax_|
raday’s lowd
20 (A/em?) 5
Cd (A/cm2) Pp Ps (kPa*m/s)
Polish rate .
(nm/min) Non-Preston region
NeCY g
A
Di-solve la'
Contacted
Suppressor
B
Q-Ct -Ta 5 Pp Ps (kPa+m/s)

©2025Manabu Tsujimura. All rights reserved.



‘E4’ HES SAUZRH
‘Eg’ HES SAE

QEZ o 4E 7|z O 7|sHEg SdMoE mARCH

<M CMP &= Preston’'s Law O|2}1st=, ool #£E+ Down Pressure 2t
A& zol H3stchs # 2, ECP = Faraday’s Law 2t5t=, Aol T ()= ®7|
ol dlHsicts WA, CE & AoHEsH)E=7t R, s, 2o H|Hsch=
2oz 7= =Hof Jct. JtR=o HHE2 % HAHY o HH =S
LIEtHCH o E50{ CMP 2hH atstxlof ol5lf A3l (Cu ol A Cu™7kX|), ECMP Lt

ECP2tH H7| offx|o] o5t 4tste], CE2H sz S LIEdCE Jt2%e 52
odojollM  H|W3SEZ| 2[8k Preston’s Law 2| Parameter 2 A0}t (P
MUHEE(P)E LIEMHCEH M=25e2 Aoiizo|ch of MEzFo ZAIE A FMo)

B&el oo} Rate o A7t "Eta 58 LEMH LD QUct

o
R
Rl
=

Mgz oto| vl

O|™ Chapter off Lidst MmdEeolol HWE sF7|E di2tch 2ok olssh]
+/€ zolatm Mztsict,

OlM3 ofz] 7|2 7|=& olsstH 3 X Market ol 27HEl Cu
HESt 7|52 ol2{s V|&a59 S80lct & Mzisf Hal gk 2ote| Cu It
&2 22l Ftehing 2k M& odojct HtEAolM AE=D JA=dobyt 2353
olst 7l&olct. aeiM Etching ol M3l &0l Cu 7t8 71&0l S8=e #2
tCh EHX] =X Device o HENSIE 9la Ztzt ATt EX|gton otEIct
ME OHS Qe 77t ez, ool M=st 7[&o0lch A 2olofl A

Etching olth Msff odob 7| 2|1 gtxAlolM M=st ool 7|59

, OlE°| "HFIt Aoz Ertn Mzpstot

e 280

Hr
ro
o

Mooz re on Jn N
 fy 08 o
o2 o

o
Rl

=
JCLIECE

EEN o A7 kg ZE MIE Zuol 2 stol U1, ME ¥
Bo AE7L 0 W 22 Cg BN WX Aol 2 9 o|As AS Xws
2olct

J=2{H =rjof of Mg xeleto] ‘Ul "Es SPECZ S0{7ta 4ot

©2025Manabu Tsujimura. All rights reserved.

(Special) the general principle of planarization

| Design point C is important |

Preston region Non-Preston region

omplex)- soft

Cu (complex)-hard

I I
Q-C# -T¢ (Di-solve d (Faraday’s IM Pp aw)

| Driving force of removal | | Planarization mechanism | | Preston & non-Preston |
Please compare
Polish ECMP ECP Etching
% = - = - Electrode Fleotrode

el ]

L L1 Ll L

Electrode

TR pedlen Lo 0o | S0

= |

Cu = Cu™(Oxidize) Cu-> Cu'"(Electricity) Cu > Cu"(Electricity) Cu > Cu™(Chemical)
Cu™ = Cu (Complex) Cu™ = Cu (Complex) Need for planarization Need for planarization
Cu( Complex) T (Mech.) Cu (Complex) T (Mech.)
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Let’s check for deposition process

Global step height within wafer Local step height within chip
Mounding by plating

Dishing by plating

‘X’ nm

‘X’ nm
‘X’ nm

Dummy pattern

GEEE 4

= wide dense sparse

Dishing by plating  Mounding by plating

wide dense sparse

Step height Plating region ! Polish region
M / [ Planarization
. ) performance
H 1 ) Final step height
| G N | S U S V)
H X=M+Y i H+M v Z(Over polish)
Plating amount Polish amount
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Nonotopography : STI 2| =& H|o|x|

STIo =8
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2

TES CMP o ROIA 4 4o ZF2 LeD, STI CMP SA2 of FEM $#
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2% OZo| ZEAISH Nanotopography olAet Zol Atstatol MASID, H= O
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This is STI. As the polish
rates at wafer center and
edge are different, each

Polished up to this line Sio,

Si—N dishing value would be
also different.
i substrate
STI image
[} A Total Oxide Loss
Low rate part High rate part (over polish)
f— Wafer )

This hatching part

ﬁ @ shows over polished.

Wavy substrate I:> Deposition as per I:> Over polish even STI part by CMP
deposition

This is nano-topography

Waviness with mm—-order wave length
with nm—order PV on the wafer surface.
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6 [m:
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o{7|M, AV: =&F2 ootz Xfol (B ot
Vo ZEF ok
Ve 25 S0i2t 22| ot
Vo @ 5H& 2 Aok

J%2 Nanotopography ol SA4x|o|11 F7| A2t =0| PV 2t Device 2 Over
o0F Amount, AV 2o ZAHE "= oHEct (=& IC1000 + Suba400,
AV=20nm o Z). J&9| =HZF /= PV 7t 31 A7t ZY| mjZof, 20nm O] At
Over 9dop7t whdst= dodoll, 22% ofdil= gHiZ PV 7F =0 AJF 37
m-2ofl, 20nm OlAte| Over oyt LMsEx] b= Podolcth
HAEs ZeT Ay ZMol IHW  HE  HYol 2
Nanotopography OlA Suba 2t Z0| Z40| 22 HEE ALEsHH 6dF=7F 310,
IC1000 =} Zo] ZAol =2 HlEs o{RT7F &2 AWS LIEfD Aok

Heol Zes

CH 24

Ct22 CMP Process Of o8t #M=%|& 7|=¢8tct, MEIH|E 1 Eot FH6tH,
Wafer 2 Waviness 7|2loll 2|3l Over @dof= MEiud|of ghd|zfs X ZtEch chX|
&a2{2le] MEH|E 3 stH YHE o 2= Dishing 0l A =0of BZ22 52
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Dishing ©| 3 &x[oll 2|st M& St CMP Process & ZXst= 20| Aot
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STI image

PV (nm)

STI on nanotopography

250

200

150|,

100

50

@ If STI made on this
nanotopography
® you would know
part over-polished.

= AV=20nm
= Pad stiffness E= 0.98 MPa

Restricted

=

o

PV (am)

B

5

27

Restricted

Pad Suba 400

o

Pad IC1000

o

y
Wafer
X

RRARRAN

Uniform load

FEM input

M

@ is analyzed by
FEM,

@ Then, you also can
decide the optimum
pad stiffness.

E=4

E=0.98 MPa

-9 MPa

E=9.
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8 MPa

E=39.2 MPa



Roll-off : Wafer Edge 7} =0{X|C}

Roll-off 2H|Zt?

Wafer 2| Edge £ Xzles, Wafer S5} vl ZHELTIF Hojx|1
Wafer 2| H Hobr deMoz =z HMUE —'?'—-E—, = Edge
Roll-off(ERO)F&0| &AM etct. o] ERO =, &M odof 300mm Wafer off CHallAM &,
ITRS2003 HEO|A 2mm 2 =0 U= Edge Exclusion(E.E.)2| 2+ (Fixed Quality
Area : FQA)ZIX| Ol27| =& HE & 2= A =HJck T 2o, Lithography
340l thsi M=, Wafer Edge FOolA = &EEt Device ol @7 == HESE O|F
ol =[X| gfot, M7t wA=D At

ol ERO 7t, CMP 3Ho| tsiME 2H 7t X UX|=, 5 F2s 2Ho|ct
0{7|A CMP oot Profile o 7IX|= ERO 2o Ad&kol| tisfM ®& A (Finite
Element Method : FEM) a2 o| &AM A EStCt.

Jm
-

AL
gE

A Y

CMP 2| 1o} Rate =, Preston’s Law of 2|3} '-}EH-HE Z\EEH, ERO £ 7t7
Wafer 2 10} Profile & IE& £ A7 W20, FEM siA &S o|&sto] Hofl chst
tadol BEE Atstot siAME, wafer U HHEBI SR —‘?—Alﬁh_'_, SR
ggto 2 F2g 3okg D2{sks Zolch £k Wafer SAS &S0 o|xt
HE FEZ st

£ O3t Zo| LtEicE Wafer = 300mm,
A

Mdadsict oot =&, SHFE0| Soft H=,

2352 Hard =9 Stack 22 =0 Uct Wafer EHol|l= Backing Film &
7D AUst 21 ¢ (Wafer F2&= 243)E It Wafer ©f F2|= Retainer
Ring ol elsiM +=2ct
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Backing film Retainer ring

Wafer Hard pad

Soft pad

S || E0.25mm

FEM mesh
Edge roll off means
hang-down at wafer
edge like my eyes.

6 mm 3mm . .

= 7 2 _:—

| mm——— - ! _ H I

L~ y oy S~ TTTEsSS | :
S~ 4 A) | ROA

~—— _-—‘/ N

Base surface

Edge Roll—OFf

Wafer Chamfer

Definition of ROA
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Edge 1Tmm Target

ERO o g8k

Wafer 72t 223} Retainer Ring & & S5 30kPa 2 &= &<, Wafer
Edge 2| Mg 22 & OB SZ LIEHCE 07|M, MEF2, Wafer SAF0lA 2
Hg 1 olztn Aol MOA HYolm, A T|&SFH dHieb ZHol A Al

oo} Profile ot Asko| Yx[etct o{HE Zct. ROA(Roll-off Amount)7t &2

2
HO

Wafer o Z<ol= 9t 148mm HClz otZolz2tn s Al metol e
Zerstkg 2= Qlch SHHE, ROA 71 2 Wafer 2| d<ol& Htd0] 146mm 2ct 2
a0 Althmetol 31, #HF 148mm of UM = wafer SHF HCt: 2F 30%
AhiEetol HAES LAt

ELE.E.E 2mm 2 & A2 FQAOl Chst A0S Huntingd & HeIE o=

_C'>_
1.0£0.1 o2t Ao, ROA 7+ M2 Wafer oAM=

+10%, & Ao oM

At pigtol sgHelol S0{7iX[gh, ROA 7t & Wafer oAM= Althmetol
SIE8HE AA =3tk w2l ERO = Wafer Edge £ 9o} Profile of 2
skg Olx|o{, CMP SHoll UM ZHIt 2 = UASS LUACh

Retainer Ring 22| A&k

E.EE 2mm 2 S Z FQA of QUof =lch Ach Mot 2 =4 Ao pigknt
R.R. 3ale|l ZAE M=Z CtE2 wafer of ChaliM =Alst ZotE 2% O T
Zol LiEtSch o47|M Wafer 7t 422 30kPa 2 1A™3IWct ol R.R. &4H
HelolMe= =of Ao Mt 2 = A W2 RR YHol AW S5 I
= Qe 07| ROA 7t X2 wafer o U0{M= R
23.8kPa oA ach Htel 58 Helo S0{7IUSS 2
Wafer off A0{M= =Cf Abch 9tnp =4 Ao Hetel X7t 31, 318 Hlof
£0{7t= R.R. 2ol EX5tX| gb=ct ol ZI= ROA 7t ®oM RR. ¢Hs
ZHSIEZ ROA of Higd = USS uebdlict T2{Lh, ROA 7+ X|Lx[A 3™,
R.R. &g =HNT ISHZ Hoftch.

Wafer Edge Roll-off & CMP 910} Profile ofl2| gkl thisiA FEM a4 S ol 3l
AEFCE O Z3 Edge Roll-off 2 Wafer Edge 2| 910} Profile of 2 ¥&2
o|x|3, ROA 7F 1.27 o &S vt 148mm ol A0{AM Wafer o SYE =} <ot
30%4 FA =HE Lygct Ta{Lt CMP Process OlAM & 7+s$t Edge
Roll-off ol = X}0|7F U0{, ROA 2| 7|2} Hunting O 2™, Retainer Ring 2&&

ZHote Ao 2 t3ste Aol Jisets LUrt.

o

5.0
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Wafer with big ROA
20 T T T T 1
— W1
1 5 D i | |
o = Wf5 y
8 //
2 1.0 »
£ 05 Wafer with small R()é \
. NN
140 142 144 146 148 150
Position (mm)
Polish profile
Wafer with small ROA
—— Max VW1 —5— Min. VW1
-% —*— Max. Wf4 —®— Min. Wf4
© v
o 1.3 \
2 12 \ —A
@ Allowabl
& 1.1 *‘_“_
210 [y
=
< 0.9
© 0.8 \
g 0.7

16 18 20 22 24 26
Retainer ring pressure [kPa]

Effect by retainer ring pressure

Wafer with big ROA
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km ol A nm 7HX| FEM

Trench width
Nano Level off M2 JHsst 2= A Hard mask height ’<—> Barrier thickness
LSiel 1 &=sit D5l ofs), Zejol Si02 2t RME0 e M2 (Lowk I e
=)ol Atgol HE=ZD ct Low-—k 7t M22E WR cfxol s (H] g 1
FEE 1) 72 de=z USEMEY FZIMEIH FEstRnt, ol2iet M=o i
AN 2zt 222, MZE Process MOIAM AARe] 44 elo| =1, g3t é
dME doj=d Jisds AN gk BhEA| Hlx Process OllA= &t &
7ta g se=z siM Fxol clefst fekvt ArEsix| g 017|01|H Fefyoz 3
HEHE M2 7|74|7“ 5—1‘-@2 ol £5t0d CMP Al i T xR0 35t S3H2 g
Fetearol ofs 2435k}, e
8
>
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ME1, E2, E3 7t d¥st M =2l Homogenous without HM Fx=, @E3 T
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Txof sl AAl Fch

(2) M=ol 7IHM EM : E1~E3 2 MZ=, ITRS SolM Z Technology Node

Damascene structure

(T.N.)otch &= XD U= Bulk o H |FMES2FE Low—k MES| Young's FEM input values (nm)
Modulus | EX| & ZAstct, 6k BiMIZ (Cu), Barrier 2 (Ta/TaN), =&t 2hX| 2}
(SICN)2 ®|%of °|stx| gkn, AWt o= Bict, Ml 140 { 100 70 30
(3) 3 Mesh 2t st& = : siM ZH2 2o vfM(FLZE)T} Via 7t HsHA, Trench W (min) 160 114 80 57
ZlfZo M st =oEt dF g Eol dEsteE 3 A ZHEO|L, W (max) 1000 500 300 100
1=100nm ¢ ZRolE 2 FMMOIA 1 m x 1 6 moICh, Via F2 F42 ,
M _OOnm ¢ 4ol | I_1 um X 1 gm x 0.6 i umO|Ct, Via §2| & Height 230 170 125 90
=02 aiM, alijAl mHol % S22 &= oA ot BHM. Mesh 2| fchof = Vi -
S8 @ WEE Lolsit ¥ PERLE O/8YCL CMP Aol Ags: Ral = Dia. 140 1 100 [ 70 30
simozu A mHEel Aw MAol 3.45kPa(0.5ps)el X BHEDF OpEAL Height 210 | 150 | 110 80
0.43 2 Aot 224 S =2A|ZCH Hard mask Height 50 35 25 25
DCL Height 50 35 25 20
Ta/TaN Thickness 10 7 5 35
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a7t 7t& eI
M FEEO Via S4lel A= HEH & von Mises &t 238 Fxet 1

mel s Atefe 2

(SICN)oll 2elsff x

2oz sl
C=ol, o] Via £2o S2& olMst EM¥ M1 2 Parameter 2 st A

Hex: o=z vietdch Mool w2t ol 3 8

This part seems to
have the biggest
stress as you can
see this bending.

ol
-

oz
it

=

L T
0
o K

o
ol
D

2ol &&<x| olaf & =+
Qe
&y 27

,_
[e]
3
~
=
il
10

LSI o 14 -s3tof Hisl FOIE olFst, CMP Al BiM F=of
P

S
x&ste 83l ofas AAlECt Via Fof 232 Low

2 A -k M=Z<2 Young’'s
Modulus ©off o|&s5t= ZAEgs Hol= Zo Hatge2 AXZ, 32nm MO
(2010 Aol ATIE HASOIE olgxpt Mol vlasl HE xzczs= 7| FEM output
olgctn Azt & £ QIch O|HS Via Fo| S2o| BHEEE CMP Al 712
olgdg Igtoz W WM gle U AlAlstch
of7|0 A= oLt i3 ob2e BEOZ von Mises At ol o3 The smaller M1,
HESCH ZoMo=z FEM 2 7|A3Eel ‘kilometer Level FE, HTi Q| 0.14 the bigger stress.

|
‘Nanometer'2| s 4{of A2st= Z0| olsier 4 Acty W2telct 7|Ad2 ofr|ut

Qlet. &2 &&st| szt

0.12 ﬁ\
0.10

oix|gte 2 fLow—k £ FE MZ0l2Z2 8% siMgtlezes EFE8I7)2ls
2ol Eshdch et Zoh BE(RAR)L Heh(AHE) Sl 2EolM s T xo
8sts SHol ol HES| flsiMe mrszs n2{g siMol Dsict
SHX| 3 siAMoll AtEstE S22 ofTlollM s Z A

o \A\
0.06

0.04

FEM ofA aiAMetct O
OlLAX|E otAl A& 2X|olct. otalS2foll oAM= Ol24A{9] si4{0l 7HSStCt.

Von Mises Equivalent Stress
(MPa)

40 90 140

M1 (nm)
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¢ Who's Law ?

== o4 60 A, olMEtEt iFAste] dE=ol oS o Mlatel gds

O|F0{ tct. o Btz 7|59 MEXt= =77
oM zt2t 0 sk= Intel @1 Gordon Moore BFALS| Moore's Law(Z & %[)0| FH SHX]|
AXM= oldg oMoz XX|gF A2 IBM 2| Robert H.Dennard HfALQ|
CMOS Aol Zlo|ct. Moore BFAR= XFALS| Device Mot 7|=& o2 HEER 2
18~24 I =2 diSstchels oz ofS3ct Dennard #AE
o|Matstd, @nHskstn, @AM Aad] ™M2ol=lo] HSol, OX

2|

2 stedel dEs ok olF, Hiz=dE olMEte

FSESIR=t e
CMOS Device =

H &3 Ectles =2 2@E

U2E Zojgx|gh, OF oy M&E 7|2 DRAM  Memory O[Act 0]
Memory oAM= Toid o|MatE ZFAScH 2= Hwang 2 HE (KHAAIE) A A|

Festch,

0{7|M Wafer o ti#&ztoll= fAo0| EXst=rl? 8 X8 S&0l 300 HaTt
=AS W Wafer £ 12 e, 12 2lX|& SE0| 300 HaTt =3Us o
?

18 QIX| 2 HIEX| = Z2Ert o|A2 A1
ACH7t 3 &3l Az 2 AMET Device s HH=A ol mz{ctlo| tiHES2 XF 7K
7

=30 ek olAd2 wIt MEFEII

No More Moore! Denard’s theory more Nand by Fang’s law

High speed, low power and low cost Every year scaling
By scaling

Integrated and lower cost by scaling

DRAM

Critical Dimensions

Transistor / chij
Cost / Transistor

NAND

‘Who’s law for bigger wafers ‘Who’s law for ED? ‘Who’s law for 3D?

High productivity by bigger wafers CNT, RF, Nano-wire etc. Ultra thin wafer MCM

Y]
| —
| e—
e
F——————]
| e—)
| e—
—
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Chapter IV

Wet Surface Treatment: Cleaning and Drying

Hey! Your foot are
very dirty.
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MEge =87

HHE x| ClHlo|A Q] M|Fo|2t?
MEO|LE HaAlof 7t 2 A Rodnt? MZolztH Mol dHizh7| 4|2
E3} g2 2 8 MEs g M7 H42iH Ol gdel Mejz galel
FEn "ol HAE  ZoE M7 olet 2 Us MEIIsMAMeE
[Contamination(2&) 0|2t & 9
=X Wafer oAM= MEMHAIAM o{2{7tX| MEIF EXEct =FE Cu HiM
EHE MAsH| fsiMe s 2F FHol U= Cu 7F HMA=ofob sHX|gH
A WOl Cu 7t EAMU= He Sask= ol & = Us7? g3 ¢
P =

= 1 2 =
AdIE HeHn sk= Ank Zrof ol Zol siAE R0l MEE
7t

o

HIOAl = [m
= il
Z

o
ol
ok
[l
-~
Z

=

= )

2 2= zHZol= HIZFEHA MAED soft MHolgtn E2l= Aol

M=l Aok v HEA2 Ao E=X REF, soft MAS Cu o &42

27| fIgolct H=xE Al ofgch Axg o dFS HVIX 2V 9 Hd=x
| A (I)_:i o

=
SHelel g7(7F LX) g

e 1

=2
=
teelste Aot 2ot

olE Mol AAt

& mo|xjof U= B2 Wafer MBSl AAE ZAESH Zdolct 2t7Hol= RCA
Atoll ofslf JHEEl batch 4] RCA ME 3X™o| FHASL, CMP L =581 20|
Wet Process &H|7} SZ&SHMA Dry-in/Dry—out Concept Ol Defect &2t Z0l,
Ztzto| Zx|of oiH(single Wafer MA)& MAI|E built-in st= 4Zto| der={o|A|
=Qict olF oigol MEst cratst 3RS MY AlAED ZHE0] L= ACE
R 2Me tHEE2 ProcessE stte| bath Lol Al &Il st= Tone—bath & JO|Lt,
Wafer & $&C=2 =1 == vertical AIAE2S| 0|8 Jts3iCh Process 2=
ol2FLL 2ESFR} 22 J|ls$7t SHsC ITRS oM @A|sH A M ELE high
aspect ratio Mol A= M| {20 Key Technology 2 =& X2 ZHo|ct,
st oojc|2 MFolzt: ZsifE, O Zolof ¢z wsleeh-MAiehd . SZglol MY

AA = T LER Ol

I

N
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Do you know the basic rule of cleaning?

Contamination

Battle of cleaning

Badge cleaning (RCA)

The history of cleaning depending
upon scaling requirements.

Single wafer cleaning (Brush, jet)

V4 A
@9 Buien Vs [<H [<H
<<
Brush Pen Jet g
EE Tonized water

ical
One bath Vertica

©2025Manabu Tsujimura. All rights reserved.

Ozone water

Functioned water




FA2 o{ZA MRstA ke
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N
mn
Lo
2
08
X

o7l M= OofEH QHESERE MU=z &y, Oz
Mechnism @2 MA&E7E CMP 2t HE 2 5109 M&Shot

M a7

<M CMP 2teZ st M&3tct CMP Process =0Il&= Particle & 2529 %,
Process o mz2iM= EXE= &2{2/(Silica A, Alumina A, Mangan A &),
MEXMFE T2l AofE=2 e 2YE Aejolct olzHg dol2 2MSE Micro
Scratch & MZAIF|22, wafer 2| EH, SIH, Edge ® ZFE MAst= 20|
destch 71 MY a2 2olM AZFE 23 Zol CMP HAae =z Ues 43t
W, Hid, Barer S22, 2EEX D} d] MY ciatntel =Fof w2l MAE g
Mgtst ghHo| HiHCE £35| Chemical 2 S5k W, ME Zajgie
StA| 211 Ol Device Process & ALE7HsEH HMEtol U7 w0, M4E2 CM
Maker 2o 2= Z& g £ gich

CMP Process ol Mo MALCHAte]l Wafer pie| MAS O21 2ol TAIRMCE 2t
Process of a2l ZHMAES Haix|x|gh, Fojg M2, ol £0f Cu HiM

Process OIEEELT'_ st MA M2 Cu 2Ho| ot Si - Si02 - Si-N - W
=

8

Fe

b H

Jal
<

Ti - Ti-N - Cu - - T-N 3 Zo| 2&st= =2 0| =X stct. Zeta Potential ot
24 dds 1313* mf Felsforgr Mol Uct EFoME =ZFHo| ZEHE
Falgel, FHol2olut Tr7I—E- L2 X282 st HXS2
na{sfofstct

M 2| Mechanism 2 X}

CMPZte 2 st @ AH&tnt MA Mechanism € Image 2 EsisIQiCt CMP 2
FHe= &2 - mE - AX2EHES 9o w2, doid - FH
F7[2(TOC)2Y S Mzsl 2 #= AUct MAEHS| Mechanism 2 7|22 ofzfel
4 A2 Lo XA St

QEEBAES MY EHOZEE Brush Lt Jet E2 22| 22|80z M AHstch,
LAEAI MAEEHO| HIIH AEs ATV 26, MY 2Hel pH &
H3kA|7|7] @Il M= Zeta Potential & M of gtct

=1 2 AZiA|Zich

o
SHAZ|AHLE, E= M Y2 chelate &ofoll 2|5l skt

02 ox
i
>

o =
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Materials of cleaning surfaces in CMP process

Cleaning surface

[si][sio2 ] [sin ] [w] [ J[rn ] [cu ][ ] [re]
Waoh! So many materials are

existing in the same surface.
How can [ clean!

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

| Contammatlon | Cleaning |

)
@n% ‘ iﬁt&

Contamination materials

1) Physical
"\, iﬁ (2) Zeta potential control
(3) Lift off

é/@ Chelate compound
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MRet ME2 MRt FH2ZEE

Jzloll ME Module 2 o & LIEFL, SF 2 otefef &t

<M Roll f82 MXYFH

Ol{E FIIX| MX7|el 7|=2o0lct 0|ZHE2 =4 Rpm 22 Folt= E(PVA S)=
2|-ofzil SAlol 2MAIA QolEel k5 EMES MHEHSH= Single Wafer M2l 7|2
gralojct Eo| 2R A|AHE M=YGAe FHHE LseE dHlE@e=E FMECH
MZEAlOl, A ES0 S pp HEo AZ2[8UZ 0| Zeta Potential &
Z=H-SIAL, Cu agEg HMASE| g7l Chelate ZHLE, Recipe =

0!

EXh ol 2

Matpigolct, dehA A - YZEISe 8Y ST Tach OlME, mewel
BUS P W O Ol MY BT - FHBY - 2L 2B HAS
anes g + ok

CHZ2 Pencil &

71229 PVA &9 Roll =z &2 wWAlo=Z Pencil 2 % Rpm 22 3[TAIA
Wafer o EHE MAEsc ME Mz HEfIE Roll 0l otd Pencil HEjTt =0f
0|Zd & Pencil #82| MHolztn F2ct. Chemical F&ol M= Roll gzf M2

2 7|50l gRstot

a2l Jet ™
A

o
0[0

Aol Jet®, =21t 70|t Type, Cavitation Eot 5 Jet M™oO| ULt
Caviation Jet OilM= Zefo| Jet Eot O H2 Helol MAol ALZE £ Aok £
Gas °f Yxel 2 JHx| |xME ol Jet AT JfgEof Uk 47IME
Chemical F¢ie| 7tsME X 0

]

=

N
]
[l

iz 4 M

ol
-

0z
10 o rr

Single flolH == NMEXMoz £=H rpm 22 QOolHE FTA
SRD(Spin Rinse Dry) #AlS AREsict SRD dhal2 Ats) gfatn) zhe
L= ghatoll A

Yz
o

o
-

= = = — -
EME fet Ad=x wHE2 SHHE0| MI|X] LEE st IPA(isopropyl alcohol)&
AFESHE Ao st Zof Qch olfst ghHER gfat ool REo| M
MEHEICE,

a2l olzfsk MAE - A= Module 2dry—in - dry—out Concept 2, E&5| ztz|=

Ex|Uoll Mxl=ls Heoz, Mo MA - HAxZdnsS ¢ b

=

i
o
o
M
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Cleaning modules
Physical Non-contact Dry
Roll Jet Spm
Q 55
S d‘ e el
2© — 2>
. Pen IPA dry
= V2 Mega-sonic
% Cavi. Jet |:| E
xis 2 fluid jet .
2=

Chemical introduction such as alkaline, acid,
DHF, functioned water, ozone water.

] = —
Lo = _ T @Filter

e

. : E
_ @Polish — Unload

@Cleaning

Clean CMP concept
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g2 2 Clean 3} sH&AH

o F™s (M ME i)

Clean Room S 2EHE H}Z stzdo=zol o] heiME =25t} P A|
Deive &= ®EO ofg] B/ & MEE AlBstn ot side=2= &2 Al oM
Cu 2 8 =g uLisoles =22z viyA 2 Zolch ILD(Inter-Layer
Dielectric)oll M 27| low—k &2t 77| low-k &9 7igo| 55 27|10 Uct
capacitor o] AFEE £ U= 2 FEZE= high-k & (Ta:0s, STO, BST &)1t

H2%F(Pt, Ru, Ir 5)2 Z&HstCt. transistor gate ol AFSE = Qe FE EXZE=
HfO, 2t Z& high-k =Z0o| ME& £ Act S8 8lol vr=x Device ME=
gisteatel AMEjo|ct o|et HASIM L= FIISEOMAM o dxES FH=

AlZbo] ZFcoh EgtEdME dHg = fle ¥as: Hub Aok olHE
=EEE THEHO Us SE ClHoIASE HF HM2lE O SHSH s O
%QOI'—P Jof we FA&d=E § HIZIE8 duFct 22 CMP 2tel Holks
ot x|gt, HSH H= Mz2lE CMP oM BRELD AEsE F2 HE 9 stotolct
_ﬂl'_'i |

°
2t OFLIE} o2 7te Helg 38 39 siHE 22N fd=(old2 HU=
tzol otfch) CMP 2t 7 Al=fshs Zdof Higfastct. CMP £ AHM=Z CMP 2
|2t e 24 ZHol g ofAlg JHX| 2 JHE = Qlct,

1€ S0 S22l MES0ILE MAES AIZRAL, H AAl HALE = ACH

> X

(]

bare Si & WO Z mf &2ial= R HA MALSEC olAd2 Jhssteh. 9fLfsiH
fEla=rs S ] -7'-7“0“*1 k3t BferolLt poly-Si o o= o2 SEES
zotshs SAEg LMAIZIX] g7 mfzolch tiHol He e cEss

JHX 22 Ha Megel Atg o= dX|UolEel MEol ZHAUCH H = H2lof
ol M=, CMP & dotiAtetn shs S Aol zeel HaE HMelsty o2
SE £k HEy M2l AAE ME=YAE SHoIM H= M2t 2

2o WA AME CMP & 918 H+ A He HEAIZ 5 Qe olet
#¢2 ArEER 7“33F7| kol #ZE2 AlAEE HBAZIE OFE

AIX|L{ofo] MEfof

S I:'IEHOH Mz2 2o A0l B7tetetH &2{2(2t o2
= ol H= XH2E 23Hsks A dfilol

B zlgtdxel g2f2|e] MM He X2lE 22foiM CMP

o .
82 ool o duAe wew mgarcq g edol M BF 3o
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@ Clean gnvironment

©) Clearkin the clean room

~ )/

LY

treatment

__l¢
4

=
{1
H

G

ey

1

@ Clean process @ Clean tool

Several clean technologies

=

Slurry supply | Slurry reuse | (7

DI water recycle Waste treatment

Clean environment
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BiZtD A= HIFYEN MFE

A, XIg, H EA MEIt?

Pattern O OJM|zt=[0 ZFof o2t FASH Particle M7t 7= Uct
CD(Critical Dimension)e| "t 37| HEQl Particle & HMOo{stZ| <{IsHM
45nm Mciel Particle t2|37|= 22.5nm olct. 1ot &2 37|= CMP oM
== Dishing @ 37|t Aol &1, 37|2gt Ekg uf AFE Defect 0l
e QX Particle QX FEsk= Zdol EA ofz{X|2 Aot m2tM Mo Cfs
2ol EA MHAM HIEEA ME22 §HX| D ot

JEA M™o| Jhab ksl {EE & &Atol 7|gkEl Zdolch Alckst

Z2LE ABShE & 2AF ME, lce A MA, Two-Fluid A MY} Z2

2 HIEEA MAEo|l sHgt=ln Aok o HolMe HIZEFA MAH<
]

O M Cavitation O] HIEO| =& MM WS ATHSkC}
S

==

Cavitation ZAt= & &AtRb Zo|l H|FFA MZA™e 3 EFo|ch oAU
ZSTE ARBSID SXo u2t FEE 7lsFE Al "iE = Uk £S5 2
Qtzdo| ZZED} Cavitation off o|st 2tadg @t Qs He HAEE MI3E = AUch

Cavitation 2Ate| Az

Cavitation &AL MAE2 EF FAl st AHolM HE2EX| 22 Cavitation 2
220l slg digoz sk ol MAE gHolch fAlel ol Est =37
ofiz HoZIctH J/AoM ZSE0l LMECE o Z3sE2 FAl Yol
ZEtALE 23 $£37| olae = =2t 1¢ol
ahy st

& molxlofl U= JBM E= HWME Dol ol Mgel & Yol s21
QAek Ttah Meb Atolofl Mol 2tad xfto|7t HA oM ~&F0lE
et xlejo| ZSo| MMM ZtZtel AEEO0|2 EHYo| WMEICH IS
folE ZHOIM EHX|1 folE ZHMol UAe= HE[EE0l 2aHo= MAH 2 F

UEE Cavitation a1 25 WMA[ZICE

©2025Manabu Tsujimura. All rights reserved.

What is cavitation?

-Vortex after blade
-Vacuum
-Cavity in eddy
T T -Cavity collapse in high pressure
-This pressure erodes blades.

Break
everything

v

Cavitation should be avoided in fluid dynamics.

Mechanism of cavitation jet

We can use even
cavitation like this.

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

Low pressure

water 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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Cavitation test

Wide impinging area

mm
y 127 2 3 4 5 6

CJ LEE B BB AN
Wi

Existing several frequencies may be effective.

v ¥

J

0 30
f (kHz)

Pressure sensor

13 (MPa)

Pressure becomes several times.

12
cJ (E 1.0 LPW HPW
208 ~ =
® 06 N
B o4 — ~
0.2 wI
R 0. [Na
wI H 0.0 : L
o 2 4
Stand off distance y/d
Tool image

Better cleaning performance

90
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g 70 \\\\
Q
é’ :‘; \\,( WJ
(2}
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2 \\\ cJ
» A ————
10
00 10 20 30 40 50 60 70 80 90 100

Polisher
Cleaning time (sec)
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|€3l= Marangoni &2t& HIge=2 3ot ofzlf
82 Rotagoni™ A= X =

CMP AlARIS HoiF= JEo0|ch.
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Rotagoni™ type IPA drying module

Coiweer | [Pt |
I 1

CMP with Rotagoni™ type drying module

Polisher

Cleaning 1 Cleaning 2 Cleaning 3
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Through—put 0l A{= Spin Rinse Dry(SRD)&Al0| & §tstct,
2|3, bare-Si & EH MzIE fIiMeE 2R+ E)E HEAIA, 22t
7

42 SRD 2 IPA 74x2| AIE H|uwdtct
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r
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1©

J2|0 HE Ao
bare-Si Wafer & SRD ¥ IPA Zd=%t o Wafer M2l FHF2ollM Defect 2
=2 HoiFct dekxoz HEZo| Wafer EHe| oM M E
LHERCRCE B & ZHol 60°0ll ke A= ol thsiAM=, SRD ol vlwot 2 A
IPA Process OlA Defect =7} &N ©f Hict FHZFZto|l 300 7zt &
gtoto M= Defect © =7} SRD 2t IPA A=t 79| Ztct
of Zzs oM gigtollM IPA HAZEIF defect 2 & ZAAIF|EH O
QEotcth £ 0|42 ZlSA sfgtollA SRD °F IPA =71 ¥ Xo|7}

- = =
eg 20ECt (dx Yol theh ef&4o| gicks 2ol YA Ect)

SRD 2t IPA A=

2ol AZYE HXE CMP = =Zol w2} et THo| EMg
Mo =2 X2l 50| QTFECE IPA AZX AlZt2 XMH2IEE BIMIFIZ] 6
™ =N Mol wa2tM di# A =ct Single Wafer System 2 #2i SRD &
gotch E£5H o] A|AR2 Rotagoni™ =9 7|58 FII22M SRD 2t IPA
X & cf AR2E £ Uch olz2lsthod

rE

I
o &

24X 2l Single Wafer System & Z+zte

= T l
Wafer #Ho| SHol = IPA AZEE AISgtezM AM2lEgds S7HA7I=d
MBE 4 ok

©2025Manabu Tsujimura. All rights reserved.

daljol shet,

Drying methods of hydrophobic and hydrophilic films
hydrophilic film hydrophobic film

Contact
angle

After CMP *
-

| B
hydrophilic hydrophilic  hydrophobic

[ |8 |5
Spin Dry High speed Normal speed
IPA dry IPA dry
Drying performance
10 e
)
z SRD @
£
8
kst 5 <
2
Q
R IPA §
0 @AY
30 40 50 60 70
Contact angle (degree)
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& Manabu 2| HZ| |
Chapter V

Ltel redofet £Zjol2tn 22l= 22 7|&2 MAMME, 7| salel digtol
210 Uck O Tdolel £Fj9f 20bE ol ARREE S7Yn? o

Preston #& o2 |35t Frank William Preston 8+A}(1896~1989)0|Ct. E 3ol
flchst XtedFo| EHEXL Michael Faraday(1791~1867)5 I &stct. Preston 2t
Faraday o 4zte = =, W)oll elsl| M =Act olZdol o] oA
AgEles ‘SF oluh HWeksl gad2'olch HHEX Device o ¥olsh =Hel
‘Wershol chshM 9 ME T2 sidste 2y, o MA J|&=2 sidshs gy,
J=ln 3 BEV|IesS Merstoh mESiM O elke AX(gE odolet EFE

gt |
Manabu 2| W& g w=x| Egnt?

x
nrr.

10
m
=}

[z}
@.
=
i

Wet Process Application: Interconnects

Moore HfAtet Dennard
Faraday = 3,000 4 Zof &7

a0l tiet ME2 Zlst gteAdl Mg olE X of(zteAhe| EdE o
acfstoh MZ22 HAS wAsStn SAEE ARe sFeok de 28 /e

=L
AX|{ofet npstAL7L FXAGHA| g FOf 9|2 LI27|E 3 gsiet

i}

Interconnect Skyscraper

Plating by CMP by Unified theory
Faraday Preston by
Manabu

Michel Faraday Frank Preston
1791~1867 1896~1989
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ct5sts] ADMETA(Advanced Metallization Conference)dlM Xt =2l ==
CtaeiMel 2ME & molx|of A= OB SoIM 2oiEch of™ s Zx7t sHZE
AME  Holx|gk Mchob MMESE £Z2 ZHIF CA] M= ok
Algtsix|gh, M2 ZME5e 2F mWg AlEsHA Egar oot Y|z e
StaRleE AXHO{ES 0lH X Device M=ol Cl2 SHES 2HMT olsfstn Ues
Zol Zct
HxHe2 BoX|= CtEo 2HE?

EZ3t odob= Device process OlM=, (1)FEOL € STI 9o}, (2)ctSHiM<
ClofA & =3, ddol, 1 888 e| Metal cap, Bump £3, (3) Implementation 0fl A
M v =5 S2 s ARE=X|eH o oAM= O ckE Mol =2 24

2 FAof sl =elstch ofE M Process = ol =F#ot ofzb Azt
CVD(Chemical Vapor Deposition), PVD(Physical Vapor Deposition), A&,
Annealing, Ashing 2|11 Lithography & =Z&stct, ctE viM 2HMEZ9 7|25 ¢l
ZWEol thsh Zhetsk Adgdol ME Al ciopdl Fx=9| ofet g wol AMHECH
ot dotol BAtst e AdXHolE2 "ol Z[E XAs L JVE
Motk Lbe= Device 9 ©™&E7h= ofH X2 H] MEIZPL Ekg mf lo]Zo]

Mech chS2H ) aln Asfstn A

v

-

Clopdl fxet O 24|
M2 O v SEE 07[M USRI, o2t 22 BAIE HEIcH
Lithography — Low-k 22} Deposition — Low-k #8t& 9|8t &35} — Etching
— Ashing — Barrier layer deposition — Cu Seed layer deposition — Cu =
MZA — Annealing — 20} — MA — DCL (Dielectric Cap Layer)&+2 =
cap 2| Deposition — Packaging

Ztztel cbs Hid SHOIAM dold = s EME2 chE HolXolM
=2lEch Void, =, g, &k 7% S8 =i, ofE sjMdel ZHSHt
OtMELL nEA=ZS BME2 ME HlRT AHMH 2ok MEEHeZ EES
SAE
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Integration of CN45 nm device

Problems of UV/EB cure —
(1) Shrink <Problems of reliability>

(1) Adhesion to DBL

(2) Control of Cu surface
(3) Surface leak

(4) Bulk leak

(5) Open by void

(2) Damage
(3) K value increase

<Problems of RIE>
(1) Resist poisoning

(2) Side wall damage
(3) Bottom damage
(4) Gas intrusion to Low-k film

<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 deposition>
Barriers
(1) ALD gas intrusion to
Low-k film <Problems of CMP>
(2) Low-k roughness and (1) Galvanic corrosion
barrier defects (2) General corrosion
Seeds 3) Cu residue
(1) Voids <Problems of plating> 54; Delamination
(2) Deposition on barrier defects My (1) Cu chemical %“"“5i‘{“ (5) Scratches
(2) Macro and micro voids / (6) Distortion
<Problems of anneal>

(1) Grain growth
(2) Pull out

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?

Scratches!

Corrosion! /

Low-k (1)
Low-k (2)

Voids!

Interconnect Skyscraper

©2025Manabu Tsujimura. All rights reserved.
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Hl o
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- SiOF(k = 3.4 ~ 3.8)2 SiOz(k = 3.9 ~ 4.3)5 EF223e2 24 LOX|

ch2ol 2XE2 O %2 k (Y 2.8 ~ 3.1)2 &7 QsiM S0, &
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Damascene structure . .
DCL (Dielectric Cap Layer)

— — . — . Cu seed
i ¥ W Barrier
L Low-k(1)
ESL (Etch Stop Layer)
Low-k (2)

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

) It becomes small.
Low-k film seems like cheese. Who eats my cheese?

©2025Manabu Tsujimura. All rights reserved.



x| =& d|2cCt: Cure

Low—k 22| Zx|

Young’s modulus (EtM =) @ ZEE HEH= E(THI: GR)
10 6P =7t HEZHA| Shot,
Z:H (unit: GPa)
UddtM o2 Egfel 2F 20% &t olE S0 E&LOl 106 I HZH2 26P0| 2
Zolct,

4) CTE(Coefficient of Thermal Expansion, @™ &AHZ=): 17ppm/C(Cu 2 CTE)7t
H2t=| stot,

5) SA21: J/m. AP o 5Y/m. 10 J/m L= 1 ol ato] BIZA I

6) W S3: Lowk #ote YwEoR UEYH olXE Cu were TS
gojzEch,

SrE k B0l SHobESE E 3t oAl asichs Holoh S5 k gte 7|3ol
gola4= L3k ol B0l Ut Low-k IS Hef ostsioz ofsict
Hat Jl@ol LolM Mms= WHE k 2 BVt flgol s Ro| wEMoz
JBE BIMZLORM BEE BAAITIEL ALBEC

Cure
UV(Ultraviolet)/EB(Electron Beam) Curing 382 A5 & SAMAF| =0 ALSE .
ol & =0{ 5 k2 Young’'s modulus & 7HXl= Low-k =& Curing 882
o Young’s Modulus 2| ZtO| 8 (P EE=

HESEM 10 R2 SAE 4 Act Aot o
1 ol&tol @F=T| mZol 10 2 HiFASsH gtolck 2ot FEEo| Ut
floIM ASFE ZWHMZ Curing SE2 Hol =55 o7|A7|2 ZEE BIHAIA
k gtol #HXl= Zats 7d2ch Lk Zdo| 242 J1E 5 Uch AEE
SEAMAIZ|Z] 2l3ll Curing 8-S AlSE EH £As dste SAlol MAES
kate d™shk= 20| ss8lch.
gtat &2 2[&3sich Curing 382 EE 2F 10%2 «¢4af %8 opr|A|Zich
g =52 28I 255 EVMA k @e B7HII|= ZIE JHq2ch 2k
skatnt MAEsH k gt Aol RFEE |ASCEMN Curing 32 Fonfdoz
Algi=|ofof Bhct,

ol X|== €& 2 Fol Z0{EHM O choksidl WX Eelch
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Cure by UV or EB

HUHLHHEH L

Shrink |

Purpose is to increase strength.
Problems are;

(1) Shrink

(2) Damage

(3) K value increase

10%

E (5->10 GPa) Shrink
= (0->10%)
=
5]

k=2.5/%2.7

Cure time
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3, " £ ECt o Etching

Low-k o Z14| A{ztm} DCL o sHF &4

Dry Etching ol 41 ciefst 2HE0| dojctct £ &2

1) N ol 2|3l poisoning Of7|: resist poisoning 2 2a{X Uct
Etching & 2t3f2 resist 2 Edtst= NH; € @Astch o|Ad2 T-Top
=o|Elct sEM oz SAE resist = NO 2f5iCh

2) &4 2H: bowing(HFZZ0A), via HOHE(flM 22 F), "ol otd
Holl 2|3l Barrier A=<l E|gtE =

3) 7t& EY: Low-k g9tm 22 S0{2 A2t JIA(S3S| F)etel FEF gh3of

At

| s ’}%’85._' HF 2 2lsll Low- t—'.““* &4
=

stete 2xls

) &4

2) via o| St &4k (dtEt )

3)via SRS St AZH(oEHo=2 ZHE S 7Y &2 U2 Aelict)
4) Low—k ot &A¢

Barrier 2t Seed Deposition & X &
Barrier M &2 2ol o/ &stch PVD, CVD, ALD(Atomic Layer Deposition)
1) PVD & T8t Deposition O =X &7| w20l ALD 2t CVD off tish 7|chot
E7tstn Aok
2) CVD = 29 Hlojet £=t2do] "oixlct, ALD of 7[ch7t of =X|2F 0{E 5]
Deposition L2 2 .
3) ALD 7tA &= Low-k to 2 S0{7t11 Barrier 222 &HEHA|ZICEH
k =]

4) 28=8¢ Low-

o o

arotal gl stx| g2 Barrier Deposition 2 Defect &
of7|AlZIct,

Seed Deposition | M= H| st 22X S0| Loftct,

1) 204 st Seed Deposition. 7H40| & Ch,

2) Barrier Deposition OlA H33} Defect =2 O{EH CtFo{Xot st=7t?
JAWES 83| kg = UL?

Barrier FH= ®Xf #A5ke| Etch-Stopper 7ls& ®/XI5H7| 2l3HM 5nm oM
Mof=l11 Act ojzfoll= 2nm 2 o AEICt Seed Deposition  5nm Lt 11 0| St2
=xE Qlct Defect 8l0| gf2 &hote| FHAUSH Deposition 0| 7hssh 0l

_":_
2717 28288 7IE2l Low-k g2 flol mEol & = U
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(1) Resist Poisoning (2) Fence
3) Side wall damage
Digging
Low-k n;-ﬁ (4) Gas intrusion generates dusts!

etchin, - oo L
g e N ] .
(5) Via bottom Damage

(1) Cu sputter on side wall

DCL bottom

etching (2) Via bottom Damage

(3) Low-k damage

(1) ALD gas intrusion to Low-k
- Oxidization damage of Barrier

Barrier

sputter (2) Non-conformal deposition

Seed (1) Seed Non-conformal deposition
sputter

S
o -
o 2) Gas intrusion through barrier hole
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Dig Dig Dig

Barrier with
many voids?




=32 CMP 2| A7}

EZ0[L}t Annealing & 2|

EZo| x5t 2MER2 o1 2ot

(1) Cu =8% 2T : Cu £8U2 =Lt Barrier #s &3l 2 Fstcth Cu
ol22 Barrier 2t2tg S8 Low—k gfHe=z FHESHCID O{AXCE sHX|ZH Cu
ol22 Xl 2ch Barrier Lt Seed #2olM HZ(defect)el &= 9t &2
HEFot wMstct Defect 810l Barrier @ Seed Deposition O] O|F0{xof $tct,
I HoIM Etching off 2lsl &4atEl mHg AA717] st SEEeel sid#ol
o stet.

(2) Void : Macro 2t Micro Void 7t Uct. Micro Void E@M2 F3Ho|A EMO|L}
SM of cist ofabs & o 2XJt Elch 5 Macro Void & EM7F =X kx|t

Micro Void = Cu seed ZHO|A 2|7t ElCt grain boundary oAl nano 37[2|
Void @M2 O 4l2tsich DCLO| @4=l1 do| Fo{&E W nano 7|9 Void 2 ¥
EHMIL ele X Holckyt ZXZ| Void 7F HX|A Elck O2F 22 &8 SIV(Stress
Induced Voids)2tl FEct, Cu = deposition st= ¢+ &3S JIX| X2 & 2
= sy o=z Hsh Ecoh ¥ Jhskes AlZkmb DCL AlololAM CTE #ftol=
Cuol 88g daAF7|HL EIHAIZICEH

(3) =2 8AD EM/SM el =% : TIolA shF=lojof @ = ciE
2xolch 22200 B2 T3 8% EM Mg ZJMAIzIxe Wt 2 @2
oiict 2 gol 2agol  EeE T3 8US ABSIHAl EM, SM, 52
MAR 4 9= 2E 8ol P&,

Annealing: siZ=|0fo} & EXME
1) annealing 0| Xl& == S0 grain 37|82 &St L5t97F @F=ch o 2
grain 37|= scattering 2M & I2{st=dl O SCh.

2) Via pull out: & &35t annealing 2 via stete| pulling out @ 27| =0 AFSEICh,

8= ol M7t olo] HZ=USK =2tz 258 annealing 2 EHAECZ

388 &s7lZch
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Plating

(1) Macro void
(2) Micro void

(3) Cu chemical intrusion

(1) Grain growth

Anneal

(3) Pull out

CMP

(1) Galvanic corrosion
(2) Corrosion

(3) Cu residue

(4) Delamination

(5) Scratches

(6) Distortion

©2025Manabu Tsujimura. All rights reserved.

Do you know
that plating
technology has
still so many
problems.

You have many
things to do also
in CMP.




FHolr ekaleh £ |ict : MEA

™ Xz2l= DCL deposition &oll ¢iofet plasma XMzl T MAEI HAXE
Egtetch  odob =of MED A=xolM  gf2 A3 8ffolut Cu(complex)=
Jlcigle SoF BAlg 97| 9| Cu EHol ZAZCH M3 AZE= Low—k
gtato 2 2E Cu, CuOx, Cu complex & 2083 MAHSI7| 2l s Ect
DCL deposition &™ofl plasma XMel= 22 AZolM =2|Ech NHs, H., He =t

=
#2 plasma 7t2= ME &3 EX2 &4 delch satEs &4 =S

=

-

=
Hots A2 wstolct.

MM "ot
el EMES Lst| floiM dl2ld Aol s™Ect & Holx| JgolM E=
AMY duidoz 571X HE gelstct

Lol FEHo| digha ot
(2) Cu EHol &: EM/SM & 71535} AlZICh,
(3) EH +&: ZE5HK| %2 EM MAO|Lt Low-k 22 &4kl ofsf oftct
(4) bulk +&: &&5tA 22 Barrier deposition Ot} Barrier 22| 4tzt B2 of|
o5l
ofitot

(5) €&l 3Z(SE Atole] Soll 2lsiM): =FstHAM He s2t 79 £42

Metal Cap 2| &

2% cap EH(Co-W I Ze 2FL ABsE)2 ofxs| siZ=ojo &
2xlS0l ol ik EM M&ol olo| HM=7| W0l of Va2 £3 ALBE A
2zt
MH HE 2H

Hat 2xolM 28 242 Z28 DFolch wie pul, B2 JtEHs AlZh Mek
Seig mys S 2o 27
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NH3/H2/He Plasma treatment
Although surface is

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

(3) Surface leak

Reliability test

(1) Adhesion

((2) Voids by EM, SM

(4) Bulk leak (5) Open circuit

However, do not
worry so much.
Engineers have
always done their
best to overcome
those problems.

Interconnect problems

©2025Manabu Tsujimura. All rights reserved.



771X EXMet 7 71K SHE A

Seven See’s Zt?

X 2K= ctE HiMe
|2 0| ofefoll Liel Uct ARERIe| REW(ITRS Zesto) 2 2FE e
77X FR 2MEg MHEXL 7 JHX 2HEg s Rt 7 JHX| L€HE
seven see’s 2t AFsch o AZFS E X SEMES 2EEl J|s

Zorstn QUA7| 2o AlBt=Eol 7Liek 2| ofs F&s grct.

_IT|_
02
rék
Mo
=
mn
Lo
s
izl
HL
£
o
o
Mo
st
1k}
mn
2
m

In

ECEYol F FZHORRH
7 JHX] LAD ALEAtel 2EMO| F ES UEAFI= FY e 20|
Zof LAt
1’st See : Low—k &2 && CMP(Direct CMP) —
Porous low-k(k=2.5)2fe| ZF¥oio}l ZH|
2’'nd See : M 3t2 F(Low Down Force Planarization)
T3 TRE ZAof i Mol 2F=o{ HMX|I2E T 7K
Leex nldy
3’rd See : Ru barrier &
Ru barrier/seed | Mg X2t 45nm MtHollM X-Z&X| oA
o a4
4’th See : Water Mark 8= (Water Mark free)
19 A& CMP 2F 2RUSLE k=252 A=A gtato] MM} A=
5'th See : Particle Size CD(Critical Dimension)2| 1/2(Small FM size of 1/2 CD)
CD 7t 4S =fot™, OfE|7tX| Size & ZelEX| el X
6'th See : Co 2% cap
ZE7tsk= Jmax ofl CH8H EM &Fate| $=tho 244

7'th See : Edge Exclusion & 1.5mm A

1ol 7 7Hel 2ME FLstet 65nm Mol =2olE ZHALL, 45nm AlCH <t

32nm Mitiol M= S2stA & ZHMolet k3| olsist?| & FH et
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=

ULK direct CMP

Edge control

Co cap EL

RS 20N,

o D&
22nm @ Back Fill

2
e
\\O

| @ LDF | | @ WM Free | ® Co Cap
u

s
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1’st See Direct CMP
Three cased of integration

Dircet CMP 2R =7

Non-uniformity of Non-uniformity of

CHE ui M chofal o] HAEloA chg MIZEX] d<7t =2 Folct Direct CMP nuf _—
CMP is important CMP is important

- Case 1: HM(hard mask) 8le= &%, €2 748 &+E 7tXl= viM 3} via

- Case 2: HMO| U= E; &2 78 &£ JIX|= w1t via

- Case 3: HMO| U= &% 2 7™ &£ JHX|= w1t via

017] Case 10| Low-k #2te| =& CMPof si= & Ct
& siZ 2

ofe 2 E0| A=X 2R}

Case 1 OlM+= RIE &EF otz CMP off o8k &4to] 2A7F otk X2 &M (D Homogeneous type (D Homogeneous type @ Hybrid type
JIXIT Low—k Efote Juete zie Haxlolch a4 ﬂEI(%—‘rL) Jlss =3t (Without HM) (With HM) (With HM)
QFELCEH

RIE o ©l3F At 27| Ex|2HE Case 2 ©F Case 3 S CMP off o|8F 2AlS The effect on RC variation by CMP non-uniformity becomes bigger!
HMoll ofslf atg = A7 W20l Case 1 £t &40l & Ect &A30AM RCl C, Non-uniformity of
2 o M keff & ZARAIZI7] IEF Low—k 22 zt CMP is important Thickness of Low-k fitm

3 - —
s @TFE= keff 2F M= J|s(I2lMol EFE=EO U=)S And non-uniformity 10
& I

(max-min)/ave
W

EgcA-li=
g Holxlof U= Zt2d 9_%5—5. JElEZE HM o X HEZI}
+5nm ol M £10nm 7kA| el of RC el HsE 2oiEct

0

+5nm +10nm

HM non-uniformity [nm]

|

RC ®st Za= o|MzA7|=d 2 ™Aolch Yol OB I=d X2 XS

THEE= AlAHOM A MR ZUHE g

2OIEC Eddy current monitor is important.
SiLK™ol|ztn Z2l= 7| "ol = EA7| mEo AHFE CMP = Hof End point 5 .1 5 Better

SHZ =X %S 2Holct 77| w2 keff 8 ZAaAl7|=0 oMol X|gE &AL 3. 7

o317 #ch HM o AF0jRE dix|uloje] HEolct cledt TAIF EfEe fj;fsf m @m

CMP 29| skatmt sheh 2 &4 M2| 7|&

= FHoll A ct7tE Zolch, Time. Time.
2 CMP & #Ist EXE x| Z=ch. Film Cu /W

\-_I

Eddy curren
monitor
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2’'nd See : CMP A Down Force 2T : mC?2t?

Low-k 2&°| ZT= CMP zfHo| ol% £
Sk ol Low-k EFe £F2 shi W2 downforce 2 st7| 28t CMP <
2 =80|Act Young’'s modulus & ZH=2| F7[olct 106 =2 1 0|4k2| Young's
modulus 2 CtSD Zo| TP EHJCHUHIE L7|2= SEMATECH oM HMHE
ASEAEA Zrot);ds S|l 2[st Young's modulus 2 7|FZL2 10 POl AL
J=ln v g 2M2F =o =dch 2EEHE2 g9l IU|olX|2F kst
Z|&=olztn & £ gich E& four-point bending Algoll o|st mn odsto|L} AMEH
A2o| A== Ge #tol @Yol 37|22 ARZEch o] ZHME sty flshM &
downforce CMP off Cisf 2ot stch X 2ol 0.5psi &2 11 OlstRtE %
downforce 7t =2 =AD ECP 7t E=UCE X|F AFBASE=2 CoC 7t 2H7t
MZE M 1psi 2 3psi gt AlOlolAM downforce & A& BHC}.

2ol o

‘WEtst 7l&e| {2l chlolM MEXNo=z HEXb o chele Moz CMP,
ECP, ECMP, CE & =Z&sdl= cCtest W2 downforce HENSL 7|52 AdbbA ol
2I2|E Mysict %ot ofu2} CMP & ECMP 7t fl2[xoz Zicks 4dn mCP
AofstEk(AlZbs ZEst ool gi). CoC £ IE{stHAM ABXAEE z/X9
AlAELS MERSE Zdolct,

ECMP vs mC?

ol EH2 local B == global Mol ALolA ECMP2tmC?E H|mstct,
Ho[X| Z7to| <Ues I8 CEP(Chemically Enhanced 9dohe| st ZERol
ECMP o mC? o Zzlo| tist H|ME H20oiECH CoC & LHFIHA ALSAIER
AHAlEO| Al2E Y S MEdSiot

M, 2 S AR E ALBASA 2l CoC & 12{stH A 1.5psi 2k 3psi
Zt AtolollA = AM<o| downforce & MESHCE
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Why LDF is necessary? So many ways.

Planarization
Eefecl: e Do What is the
ow-k film Distortion
Scratches best way? Who
Delamination knows!
are problems.
-

Therefore, many planarization technologies
have been developed.

/N

CMP ECP ECMP Etching Others

-

Unify those technologies by the general principle of planarization technologies.
The comparison of mC2 and ECMP in global interconnect

3900 mm should be removed by the rate of <600 nm/min if ECMP.

4000 1 100 nm by CMP Barrier by CMP

>1000 nm/min in case of mC2 Barrier by CMP

You may know its necessity by FEM stress analysis.

Isolated Dense
.§ 13 m After plating = = _.LFLHJ_IJ-_LE
@ ——
7o fe Cu= 40nm a:djLELﬂ.EE
g0 e Ta=30nm SIS -:erﬂ A=

0.0 rem e
6(? & @é“ »&° Ta=0nm g o -J.LI..L'LhLLl.hN i ]
&I« o

N
£V /
7 &

CMP step
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3’rd See : Ru Barrier Application

gtat . Conformal Barrier 27

ITRS = Ztchetdl ME22 SZEES 206X O 9F2 Barrier off AFEE £
U= EXE YWESHA LIEHX|= ktch gF2 Barrier = RC & Z2AI7]7] £l
dxolch UHbMol pyD 2 Q2 barrier 2 =5 A2 OfHCh oA FYUst
Deposition = &A3sl7| 28t ct2 s{d#o| LA=X| LU7| 2ol CVDALD =

] e =t S =

>~

20l Deposition =0l Resputtering
7

P ==dct of 22 7l FAMol

_I

9t Cu seed = MEg &7t AlZ|2 XMggo| Z7tstHAM Terminal Effect 2t
U5t Deposition o ZItE Zefstct Dummy ME e LR ORI =2
Terminal Effect & Z2A1Z7|7| f18i AtE=ICH

8tat Cu seed 2t of{2} Ru flof XF=xeol =Zof cist
= Qdct

Terminal Effect) Wafer 2| 7FaX2| 2ot S4le| Mg gfo| =7| wf2o folH

ZFEARE] flol O £ ==5ks &1

i

24

rlo

olo| 4=o|

siZ o o
o
=

HoO|X| ol = T2 Ru ?lol Dummy MEE ASE =3 SR o &

At8ste HE ClHtolAae] AMEEE SItAZ|0 O gF2 wats Qs £2

2 ZFE ok Ruliner& ALESE |olye CMPE 113 &

£ of&| Jfestx] RIct LTk Ru liner & AlEXo=2 ALESHH
1

=
Ru @& s2{2/2 Jieo| 73t & Zo|ct
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Filling performance will be more severe in accordance with scaling.

Pinch off

Cu plating
Cu seed AR
Barrier —

In case of bigger scaling, In case of smaller scaling such as beyond 45 nm,
@ No pinch off even if PVD seed is thick. (D Pinch off if PVD seed is thick.
@ No terminal effect in plating. @ Worse filling (voids)

Therefore, thin and conformal deposition
technologies for barrier and sees are required.

Example to use Ru

Platting becomes possible

Ru and Ta Ruw/Ta/Cu even in case of hp 45.
Only Ru

45

32
Ru-seed

R I SR
[T T

Example of plating on Ru by dummy resistance plating

Ru Cu

o NN N .
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4’th See : Water Mark 7} gl A2 27

Water Mark=0
Water Mark = 0 22 Zo{otzt stch =, Water Mark &= 810{Mofgh stk Water
Mark = SiHxOy 2 E$ == Liquid Glass 2 =2k Si M 2[o 20| =xstH
t7] =ol s At ool e Si 0f B H2=Z =of EHAM SiHxOy &
Msich S0l BESIHAM SiHxOy 7t HiEn 22 mfo=z SHFECH olds
Water Mark 2t F2ct, Z$4 222 (TEOCS 2 Z2) Water Mark & H7[X|
t=ch Water Mark & 24 gheh(ULK 2} Z2)olAM HMEICH IPA ZAZ= Water
Mark = “‘Ilﬂt Zopdeol gholch IPA = 28 800X liquid glass €M S
gt=ch & Holxlo| s OB TEOS, Cl2 &34 X IXle YzI 52
ULK 2} EF-T'-M ULK flollAMel Water Mark 84 & LIEPHCH S8tgo EFE2e
t—'f”—f"l 2N E4o| ol=stoh A= Fol|l Water Mark A2 dratel &

4ol vlzlstol Sttt

|.
|¢|

CHof o

Rotagoni™

|'\.l

1zo| o= Yo MyeQdct

= IMEC 2%—‘?‘—51 JNek=(ACE  Single Wafer System Ofl A
Marangoni £3t& HMZA[Z] 7|&2 Through-put 0] £& 7|&0|ct. Rotagoni™
A== Wafer EH 2/of DIW 2 IPA Z[HME Festn olHs 3XAIZ|HA

HZEAlIZICH

\J

1z

Rotagoni™

r

Rotagoni™ ZiZ=+& IPA 810| SRD 3Hol ALEE £ UChH IPA 3tz okl
24N S4ol w2t ARZEch @ HO|X| ot J2{Z= Rotagoni™ =TIt
AMo| 2 etz MEsS| AX AlF|D Mol A2 glak(rel Mg U=
goh)2 o w2 AxX AZicks Ae E0{ECL Rotagoni™ XS MEiS=
Aol Zxe wE AZ2FE Through-put 8 =0l= ZHolch oE &9
Rotagoni™ ZiZ=+ <dob =of ZEefA|l o 22lol A8 == poly-Si #2te| zF=Mg
LEAIZ|0 B SRD SHOAM AL2E o £2 dsgs MIsch O sl
olAlml CoC & 4 =ES®tste X 7|&9 Y2 odolet M Fof uate
2~5Mel S48 1nEstks SAldl =AY IPA WX AlZke ATECEMN
0| F0{™Mo} st
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Water mark in hydrophobic and hydrophilic films:

TEOS (Hydrophilic) Dense Low—k Porous Low—k
(K=2. 8) (K=2.5)

Water mark will be formed if this hydrophobic film is dried by SRD.

AN

Defect[A.U]

Rotagoni™ type drying technology RotagoniTM type tool
” \ \ \ \
ol & - — - - — - — — — DI
| | | DI \ IPA
8l — 4y — — — — - - — — = — — — — 4 -
\ \ \ = -

— N~ —
X Hydrophilic Wf [pam A

‘[{PA u N \-_

70 80 920 100

Process time (sec)
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5’th See : 1/2 CD Particle Size

1/2 CD Particle Size  72t?

ITRSOIAM 2T =[X0| Pattern 2| OlMztoll 2} Defect 2l I7|= O 22 AS
Mojsfior stch. 2Lt o|Ad2 AM=E XY Fd|ol AFE MHsol ofF shoh A
uv & =X Ad|l= 100 nm (0.1 um) Particle 7tX| Z#&E& == Uct ofH =53
|52 HMSAEES 45 mm == 32 nm 372 Particle 74%OI 59 2EHM
Jtsg Adolgtn ofAstct a2{ut 193 mm mHEel UV WE AlgstE X ezl
7|Z35t01 100mm Particle (UV IHEre| Hhe| H&EE Mg Zolch. 88 #£ Ut
ZstE Cietst 7|28 AME AZSZM 45 et 32 mo| Particle € H&ste A2

o .
a8 27l & = = Particle (FM)2 Mo{= ofEAH & %= U=71? SAHHCI
ol sidsio] & £ Ut SHAOM Particleel === Particle Size2| & £
5

nro

MAZoll  gHHstetE JHEE HEAIZIH HE JHsE Particle o 37|
OlExdoz Zol& # Urk ol =HzolM 8o =z|Mzlo| s ztchstn
2T =2 EF Ao SH2 ALSAIED g stHA D= ofof Bt

CHof o
A HH o= MESHE St Particle MOlE &&tAlZ|E 7|%OIEF. 45 nm AllCH 2t
1 olste] ME ZdollM AEE defectOl

HSt=
dolct 322 H|EFA Hl’g% My 38 S¢et —’.'_\—”% A st7|

ofz4e & A M Zot &
?|st 2ol weolct

& mHo|Xlo| = 2 == ctS MoiolA & 7hs8t defect 2} Particle Size 2|
ZHHAE 2o 30 mAMiche] Zoll 275t F™E Zholch o|He H|E

M
o
o
N
2o

He
chs MtiolM e x|2ls AE 7hsSh Particle 37]2 3l glol 518 Jhsst
defect ol =5 ZAAIZo=2M XS M0{7t JHsstchs Zolch

AR 32 cat & mouse o Zm Zch ChE MAoAM Al S
et2Ech Jeub gtERA MgolM= of2{g0l Zolct olzdol AHAL 5
=8 MErot O so| 222 =7| mjZolct

2

B
4 5

_,_
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Scaling and FM image

hp130 hp90 hp65 hp45
65

45 325 22.5

N

45 45

65 65

130 130

Visible by light »‘ No visible by light

..................>

Control by statistic methods

|2
10017 (2016) \

32
(2013)

10

90
(2004) 130

\ LZOOI)

0 20 40 60 80 100 120 140

No. of defects (ratio to 130 nm)

Technical nodes
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6’th See : Metal Cap

Metal Cap & R =2 Falelit?
& HlolXloll A= f1el T2 Co cap Ol ALSE miet LA el DCL O AtEE
f Z&MEol ofolct YHbMol DCL(Dielectric Cap Layer) & =&
[ JHRich P22 HASe /O M kg =0l A2 <ele g
HMAl keff b2 ZEole= Z3b
keff gt0l ZO|& Zol2t= 7Z(chet & JHL=dct ™M & cap €
goz2M JHME EM ME il 7= HAE keff @t 2o 7|2 AX D A
EM Mghg JHMAI7]7] 25l 2% cap 2 DCL oA AFEECH DCL 2t F2| kot
Atole] 2ol We o EM ME g2 HLsch 35 cap 9 AtE2 SEEs
o

=
= g
SAZI3L EM AMEhg 100 8] oldt Feol dupyt Easqlct

X
It x| g=ot. 22 % cap 2 ©fE HjAM

X ON I'|

Co Cap Deposition 2| of

Co Cap Deposition 2 H|HEY =32 25 & #MECH Co Cap Deposition 2
EF= T2 %ol m2tM Co-W, Co-B 7t Uch HIMEM TZF2 AAA
Mol =38 & £ U stk a2t Metal Cap Deposition 2 Cu Hi41 2of|
MENMOl  Deposition € ©Sh7| 95 Cldtola

of

g =
Boox x4

2

=2 FHE 5 molA 20 mmAtol2 Ho{st Co Cap

I7¢ WXl gict ol Jisel FH2 olsfEch a2t ofE
Atolofl A A= QACE 32 mm MCHZF & T =% cap 7|50l

LR x| otz JisdAE getE = g Aoloh

(=)
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Co cap vs DCL

With DCL without Co cap

Without DCL with Co cap

Even if k value of low-k is decreased, the effective k value is not so decreased as k value of DCL is big.
If DCL is able to eliminate, k value can be much decreased.

Super technology?
Or over technology?

Example of Co cap by electro-less plating

Thickness of Co

Plating time
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7’th See : Edge Exclusion

1.5mmEE 9 @3=7?

ola| Starting Material ¢! bare Si ¥0/Z 2| mm EE = 0[0] 7= 2005 Hofl
olo| MF = Act. deposition 2} CMP oA o|Zde| He = (2mmEE)2 7
roll-off 2t Z2 ZMA™ W&ol SF=X ZAck AckIE 1.5mmEE 9 2 =H2
2007 Aol LIEtSGCE

sfZ2=ol of
2mmEE = #A 0|8 Jhs8 ROA Ho 7|2 MFE + Urt. olefoll=
1.6mm £= O 22 EE & =45t7] flsf ROA 2 AMast 12{7t folm

o
=
MEgiAtsel 28 B3 Tesich Clulolx MEel AxUojSo ERMel
Alztozgel Mz clofolAel 1.5mm EE 7t Eelol oz mekg @ maix
£20| 0|R0{xo} Btct.

[FolA “PV- A H"ErsE #Hel"el §8% Exe YT ClHiolAg
HErSL Helof tfst wWE (2 Deposition, CMP, Nanotophography, roll-off
S)E € Ho|X|o|M EoiFEct

x 52 mel FELoIM odolE sietel x@e Jkalyn oy &
[m: Z 2

Eoio| PVEE Liedich IC1000 ™MElE2 ololel 232 217
elo} slgict a8S2 WS, S2fal, CMP o =70l WE o o olof R W
% slch,

TEE w8 Clofolx mEol g ool wel ol T XD

Deposition 2} roll-off 2| profile & 2[4 dodofl At 1.5mm EE & Ol Profile

Olsstxl g4l ol Fo{&E == g|ict

=
Nanotopography = I8t od0tE ol7|AIZ|X] gt= ®el oo Aok =F
o
=
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Edge control

@ 1.5mmEE

Which is more
difficult to get the
world end or to get
the good wafer edge?

_‘ N
— N
Deposition film is also rough
m In edge portion.
> Wafer edge is rolled off.
4 /
PV- A diagram
10000 —
I~
1C1000/Suba400 Y
e enad 200m over polish £ e\
. = c—
1000 : = z N | _ Plating
/é\ E E E : am .I IR R
& b : Roll off |\|>: :
> 100 s ‘ H :
[T
>
m
10 — -— H
. Wafer E
Device pattern Nanotopography
\ [ 7

1

0.0001 0.001

0.01 0.1 1 10

A (mm)
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Stand-by ME

Stand-by ME

Stand-by ME & L7} 7+&
Stand-by ME = Ht=A 7|&
olojstct 07[Q Lo o & |

OlE7l MEZI Bt=x 7|58 XIXE = UAS7t? olzdol HEZolch

Zolste g3t o stetolch vt Wot ool st
£ ME(Mechanical Engineering)2 2 X|X|st= A

uo rir

ME 2 25H XX|SHE B=A 7[&

200X Holl 7|2 BAlof =EEhet

ITRS & &4t gtz 7|s2 gekg MAlstl s = ojof & BMES H7|stet.
ITRS = Beiatol Al telel J[sxel sl E 23t =etstA etch of 2
ZAY e 2 7|2t Set HH =0 Ax|et M2 LUK = e 2 Z
Zolch JHe AX|o7t ZlsHel BAE Jlg dYeR HiE £ e JE=2
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10
o
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k=l
o
=
m
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;
el
il
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o
02
_gﬂ
o
T

= | < E A5
S4 38 AES BIHAFI7] flet 7A et (doh/=1)
dxel EME ChRI| 918 dd9st
gted ZleS2 AEE JIsEe =Rt Ll Aot mEE dHeZFEQ
718 JHE &S AESIES U= A2 FRsioh ofE J|A 33 J99
AXHOE2 slZdg ?lal O U =F & Aoz 7|thech ofE2 ME 7t BHex|
leg H2e 7I=xel ol Solct
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=g ol=E4 ek 28 ol AS2 oAl Lol otolF3E FFoAM
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=
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Scaling

350 nm

Bigger wafer 6

45 nm
Cu device
CMP used

Scaling

-> Smaller FM control
FEM flow analysis
Cavitation application

-> Low-k becomes weak
FEM stress analysis

New materials
-> Corrosion countermeasure
SCC analysis

Bigger wafer
-> Precise control
Stick slip analysis
Magnetic bearing application
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Mechanical Engineering
(Adult)



FEM & #& £t

FEM 2 ME ZofllAM Z2E 24 Aol ALSECh Cioldl Fxo| 48 o2
oM HHTOl FEM 2 e =F2 220/ & Ato[2] {2 Helel Atol=
olM S Mol AtsEct
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J2 CMP AlAHOM 7|RE EAMo| ZILE LIEHCH CMP A|ARIOIAM Qd0}
SHEAIAR 2 HHCE 29| Particle & M4 stch a2{uf olH2 7HE Aok sk
MA sk Alagofl el™s] Act 7[dnh Oz S5 ool 5HF A|lAECZRH
MHE Particle 01 MA SHREAIAHCS g dod|= HE U7 28 Hof
=lofotat Bhet.

dry in/ dry out 2 742 FEM ¢ F. ol 7Hgol 27| Fof EXx|

| —
LMt Z2|s oot SHF AAED SEof HFE0 222 =He ME SHE
Ala”lo] sEE = doke A=s old
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H
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o
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=
g = st Att2 otfx  fidch a3yt
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o
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2 Slof oHe HEE MY sHE AIAHI 04 29jo| AFH olo} st AlAH o
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o x| 7} of 2 Estct
FEM £ nststa
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Damascene stress analysis by FEM

<
L

Push and push
by CMP

Stress concentration at
the roots of via!

Dirty tool to clean togl .

___ I N ____._..--..-. Flltel‘ -...___.
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EZ3t CMPol FEM 2 S85tAt
Polish profile prediction by FEM

oot | profile 2
A w2 SEH ClufolAo| BEISIE S(F CMP 240 f=olEich HIT @\ & Deposition
n|u+o|¢ olojoflAl olo Zalel EMe oot Zxe| XA profile Moist7| 2|l /vt
2t s| olsf=lofol st 2A Aol of 52 nfste2 Mol CMP & O WHA[ZICH Experimental FEM analysis
CMP o} =7} Preston WAAlg wW2ctD JpstH 9olHo| chash SEoiAM LS T T T T LT 0 I
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folm ZHetA2lel oAt MolE

%{
|Z 9o} profile 2 #Zx2 QolH roll-off 2 &&

=

|Z3t7] flsl FEM 22 sl Zlct,
OJX|L|O1§—‘?'—E-| ZAX=C},

(3) Polish STI device

™
\/

(2) Deposition

(1) Substrate

| NNV _lpv

I
Nanotopography A mm m
- Wafer ]
Plating performance analysis
Profile analysis
Electric field analysis 1400

Thickness (nm)

5 1 15 2

Distance from edge (mm)
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S 2RE9 M=, 7 ALK 7|&9 238

Stick Slip Analysis (&S <is)
SH(edohes 28 2 ot= CMP OlM flojH= folm =t mi=,

2
=]
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NI PARS
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SCC Analysis (& 3
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Vibration analysis
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Material analysis
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Paradigm Shfit 45

No More Moore?
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-- Paradigm Shift 45

Paradigm shifts 45

You should care about the number ’45’

- Paradigm shift -1 45 nm =+ No more scaling? B
- Paradigm shift -1 45 um Thinner wafer for 3D package
Paradigm shift -1 45 cm “ Who wants bigger wafer?

P-45 discussion started from questions from investor

Many chips =€
m)

o
Big investment New fab. 4‘)‘)

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

— =
Investor Engineer Scientist
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Paradigm shift 45 nm

You cannot see by light ¢y regisitivity is more than Al?
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He is not Dr. Moore
Year Year

No! More Than
More Moore Moore?

Investor Engineer 801ent1st
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Paradigm shift 45 ym

How to make it thin in 3D PKG?

P ——

R A
A N
s JO ' o‘ o

Chip on Chip Ultra thin wafers MCM

No!
More Thin
Wafer

No More Thin
Wafer

More Than
Thin Wafer

Investor Engineer Scientist
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Paradigm shift 45 cm

More process variation?

450 mm
pel 00
Wafer process originally has a non-uniformity in radius direction.

The bigger radius has bigger non-uniformity.
How do you overcome this contradiction?

450 mm wafer
Possible if you want! jat—

No!
More Bigger
Wafer

No More Bigger More Than

Bigger Wafer?

Investor Engineer Scientist
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& ‘Paradigm Shift 25 ‘Paradise Shift’
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Break the red brick walls
by plating and CMP

2

To the Future!
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