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Multilevel Copper Metallization
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Motivation:
Pattern Induced Thickness Variation
Q Significant copper

thickness variation Electroplating Problems
4 Performance and -
yield loss
Question:

How can we model and
predict the topography
variation?
How to optimize proce§S, Cross CMP Problems l
layout and dummy design :
Sections Eield Oxide
OSS

Dishin Erosion
waf J

it Iiilllwi\

T. Park, Ph.D. Thesis, EECS, MIT, May 2002.
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Copper Electrochemical Deposition

Cu Anode
|

Gu |on Solutlon W|th —
Addltlves |
Y OV Y VY OV v

Cu Seed Layer (Cathode) Wafer

80 nm

Principle of Copper ECD

195 nm [

240nm-----

Results of Copper Fill Experiments.
X: feature size, Y: Nominal field Cu thickness.

T. P. Moffat et al., Electrochemical and Solid-State Letters, 2001. .
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Chemical-Mechanical Planarization

Side View Top View

Wafer Slurry Feed

-

Carrier

Platen

k\____)

Polishin®

Rotary CMP Tool

T. Park, Ph.D. Thesis, EECS, MIT, May 2002.
(2] [b]

Pressure

Abrasive

CuO (Cu,O
particles ™ e

Conventional Polishing Abrasive-Free Polishing
Schematic lllustration of Cu CMP Mechanisms
(a) Conventional Slurry (b) Abrasive-Free Polishing Solution

M. Hanazono et al., MRS Bulletin, 2002.
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Overall Methodology

—— Model Calibration

Calibration Process Run ECD/CMP Measured

————————————— Topography Data

'

— Model Calibration

. | Layout Geometry
Fabricate Test Wafer Extraction

Layout Geometry |__g Chip-Scale
Extraction Prediction
i <o |
New Product Layout Bl I Topography Result
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ECD Chip-Scale Model:
Chip-Scale Model Review

I U cicht (+ Step Height (+)
0 j ______ Aayelg() ______ StepHeight() ¢+ Array. Height (-). __.
Cu Field Thickness _
v Step Height (+)
Oxje
Fine Line Large Line Fine Line Large Line
Fine Space Large Space Large Space Fine Space

Step Height and Array Height Definitions in ECD
Park’s Response Model to Capture AH , SH and Field Thickness Variations:
AH=aW +b,W*+c,W~=+d,S +e,(WS)+Const,

SH =aW +bW ™ +cW ™ +d.S +e, (WS) + Const,

FT, =a<@—co>+ =

T. Park, Ph.D. Thesis, EECS, MIT, May 2002.
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ECD Chip-Scale Model :
Feature-Scale Model Review

o= ACCAMTAIONT - = SUPIESSOE € = Chioride ongs L = Levwlss e e
-
| = 30 58 [ = GO S4c
=05 - {=2%ac
\epu sitbon following fill

with levelers or desorplion

of accelerator present.

Wafer immersed in plating Wafer immersed in plating fi" is complete. Cu over e
bath. Additves not yet solution prior to current flow. feature has an adsorbed
adsorbed on Cu seed. Additives adsorbed on Cu seed. excess of 3'3'3‘5!9’31!"9
LEAL Y ia i RN mercapto species. ! = 60 S0c
t
= 10 g I = 20 S Deposition folloeding fill

without levelers or
desarption of accelerator.

Conformal plating started in Rapid growth near bases
feature; acocelerating species  ococcurs as accelerator species

accumulate near bass, confinue 1o accumulate (build
displacing less stronghy up) due 1o decreases of
adsorbed additives. surface arsa inside feature.

lllustration of additive adsorption behavior during plating fill.
A mechanism for the establishment and propagation of bottom-up fill is suggested.

J. Reid et al., Solid State Technology, July 2000.
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Chip-Scale ECD Model

Schematic of the Approximate

H Chip_sca|e ECD Geometry for the Simple Model
Cmpsa s Cc
model = =% == CO Ry *
® Based on feature-level
ECD m.0d9| Cw/electrolyte interface 5= 150 ﬁ*ﬁm
® Dynamically tracks \ w
evolutions of additives i\ gy —— G
concentration and X 6 | G
t h -"'.-"".-"".-"".-"".4.-"'.-""'.-"}_, h ;".-"" P
opograpny 3 gap j;’
" Requires small number Patterned 7| X | T
b
of model parameters SRR A4 Loy Gl
<
-| Copper ::
£ Deposit | s
R |
Pl A AP P A P S S
W

D. Josell et al., Journal of the Electrochemical
Society, vol. 148, no. 12, pp. 767-773, 2001.
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ECD Chip-Scale Model :
New Chip-Scale Model Framework (1)

/Op
TR
Tyt

0

Profile Evolution before Trench Ovérfill at Featuée Level

vz Ti

Profile Evolution after Trench Overfill at Feature Level
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ECD Chip-Scale Model :
New Chip-Scale Model Framework (2)

Equations before trenches are filled:

C
Growth rate: 0(19, C) = R, (1+ KOrce — Osip )
Cu
N 1-D!
‘9/1(:10 T 0 /txcc,t ( Pt)+1Vt B k1 (e,tACC,t - ‘9Acc,eq )At
1-p*)+" e
7 D' P'v, \
4/g/g ‘9/tAcc,b F + e/tACC,s DTli)z B kl(e,tACC,b — QACC,eq )At \
Surface Are / t t — Absorption/
Change Oace,s = Onces kl(‘gAcc,s —Oacc.eq )At - Desorption

Qéﬂﬁ,t = eéup,t _ kz (Q;UP,t _ K(l_ HéUP,t o e/txcc,t))At
41 ; ¢ ) t Additive
esup,s — esup,s o kz(esup,s o K(l_ esup,s o eACC,s))At Competition

Héﬁlp,b = eéup,b - kz (Q;UP,b - K(l_ géup,b - H/tAcc,b))At
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ECD Chip-Scale Model :
New Chip-Scale Model Framework (3)

Long-range (mm scale) Pattern Effect Inter-feature cupric ion depletion:
— Spatial averaging approach

018 um/0.18 wm, Center Scan 018 urn/0.18 p, Edge Scan

1500 1500
! o
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500 H 00
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=
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]
500 1 00
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Center and Edge HRP Scans for CPT 104-01 Cupric ion depletion ratio
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ECD Chip-Scale Model:
Calibration (1)

PVD Cu Seed 1500 A ECD Cu

CVD TEOS 5000 A PECVD SiN 500 A

Stack Information for MIT/SEMATECH 854 M1 Wafers

20

B 11
N0 (N - =
- TN I I
> | m ‘
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Pattern ngr;)sity Map (%) Line Widtr;; Map (um)
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ECD Chip-Scale Model:
Calibration (2)

Line Width / Line Space
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ECD Chip-Scale Model:

Calibration Summary
ECD Chip-Scale Modeling for MIT SEMATECH 854 M1

Wafer Electroplated Cu | Array Height Effective Step Field Copper
Thickness (A) Error (A) Height Error (&) | Thickness Error (A)
CPT104-01 6938 157 148 83
CPT115-04 8611 252 285 86
CPT105-01 9855 243 291 98
CPT115-07 12668 250 378 89
Previous model (Park): New model:
» Semi-physics Model * Physics-based Model
» Surface Response Model * Time-stepped Model
» Over-fitting » Limited Fitted Parameters
» Fixed Copper Thickness » Various Copper Thickness
* Weak in Random Layout « Good in Random Layout
« RMS Error: 200 — 400 A « RMS Error: 80 — 150 A

H
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ECD Chip-Scale Model:
Simulation (1)

ST  |
M [U'NHW[ il | P sw evolution for the full chip layout
Sy Jotumion| 1 RSO
|0 0 IIL I“‘” -
X () . > - {2000
(Relative) Envelope map (A) 11500

Chip-Scale ECD Modeling at t=10 sec

X (mm)
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ECD Chip-Scale Model:
Simulation (2)

o m m B:
N O
g 10 BE BEEE DI ”mzl S N |H|| :Zo Effective step-height map (A)
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(Relative) Envelope map (A) §

Chip-Scale ECD Modeling at t=20 sec
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ECD Chip-Scale Model:
Simulation (3)
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P T ] S
T ST o L !

E o
> |

i Wl |
Chip-Scale ECD Modeling at t=30 sec J N B B

(Relative) Envelope map (A)

H N
Ui -

W P
i
1

‘e i
0
2 4 6 8 10 12 14 16 18




ECD Chip-Scale Model:
Simulation (4)

o e W
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ECD Chip-Scale Model:
Simulation (5)
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ECD Chip-Scale Model:
Simulation (6)
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Effective step-height map (A)
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ECD Chip-Scale Model:

Summary

Q A chip-scale ECD model is developed by incorporating the
effective and proved feature-scale model. The additive
competitive absorption and accumulation/dilution due to surface
area change are considered by reasonable simplification.

Edge effect is identified and addressed in this model.

Q This model can accurately capture the electroplated copper
surface height variation in the ordinary process window used in
the semiconductor industry.

Q The layout extraction and the two-dimension implementation in
the model make it possible to process any feature size and shape.

Q The pattern dependent pre-electroplating topography from the
previous processes of the underlying level, especially CMP, has
been concluded no significant contribution to the pattern
dependency of the following ECD process.

0 Seamless integration with CMP model for the ECD/CMP process
integration and optimization, layout screening and dummy design.

H
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CMP Chip-Scale Model.
Contact Wear Model Review

0 =< FEAAARE
Chekina’s Model 02 F\ & E%
~ 0.4 r ' N1
= 06 F |
« Relates localized pad deflection 08 | J .
w(X,Y) to localized pressures p(x,y) ap JubUutuuloy
1-\2 | 0 200 4uuxﬁm 800 1000
W(X’y):(ﬂE )L ID(2§77) _dady
Jx=&)7 +(y-n)

» Surface boundary computation is
more efficient that volume finite
element approach, but is still
prohibitive for chip-scale simulation

p(x)

uguyy

0.001

0 200 400 600 800 1000
O. G. Chekina et al., Journal of the

Electrochemical Society, vol. 145, no.
6, pp. 2100-2106, June 1998.
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Shape Evolution (Top) and Pressure Evolution (Bottom)
in Polishing a Line Array Made of the Same Materials




CMP Chip-Scale Model.
Contact Wear Model Review (2)

r oo

A
7 T

Lwiral
r Ty

T \l 7 X
[~~~ ] T(X., T)

w(x, t)

Metal Y

Wafer

Vlassak’'s Contact Wear Model in CMP

Key Assumptions:

» Asperities with a given height exponential distribution 1 \z\
« Sphere Asperities P(z):gexp e
4 E W(X,t)—T(X,t)]
X,t) = exp| — for w-T >0
POx.t) =~ Toisy? p( ~
2 L/2 .
w(x,t) —C(t) v Ip(s,t)lnsiny‘ds
-L/2

J. J. Vlassak, Mat. Res. Soc. Symp. Proc., vol. 671, paper M4.6, 2002.

H
Illll 27




CMP Chip-Scale Model.
Density-Step-Height Model Review

A . Up Area
Ky/(p) | oo i

1
1
' Down Area
1

0
h, Step height
Removal Rate
A Up Area
i e mm = - K,/(1-p)
-
K,/(1-p) K,/(1-p)
Kl
K, !
' Down Area
0 I
h, Step height

Removal rate (or pressure) vs. step height
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CMP Chip-Scale Model.
New Three-Part Framework (1)

Contact Wear Model in the New Model Framework.

Part A: -
pad bulk
pressure

Part B:
redistribute block
pressure onto
local cells

i

PartC: | sy v s
local pattern-density
& step-height

Oxide
Copper

Pad and Asperity Deformation in the Feature Scale
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CMP Chip-Scale Model.
New Three-Part Framework (2)

Block
240%240 um
a3
\ \\ Cell
Part A xﬂ\ 40x40 um
Block Pressure Distkibuti
(Contact Wear Model) Envelope &
PaitB _____—— Step Height
Cell Pressure Distribution /
» Based on pad asperity
height distribution
* Local pattern density used in the Part C
density-step-height model Envelope & Step Height Evolution

* Depends on pad asperity contact (Density-Step-Height Model)
size distributions

Three-Part Strategy in the New Model Framework
Mir "




CMP Chip-Scale Model.
Asperlty Dlstrlbutlons

Micro Pore

IC1000 Cross Section Model #50 ¢m

|C-1000 Pad Hierarchical Roughness

— M. M. Kinoshita and Y. Matsumura, NSF/SRC Engineering Research Center,
I | I T Annual Retreat, Stanford, University, August 2004.




CMP Chip-Scale Model.
Asperity Height Distribution

Frequency (a.u.)

Frequency (a.u.)

® b
o )
8 . 8o
i
3 z
T T 4
3 ERLS
Condipioning
Denieed g Wafer Dominated g

Ii\-i-awing, Mat.
Ui

Frequency (a.u.)

(a) Fully Conditioned

(b) Wafer Dominated (Glazed)
IC 1000 Pad Surface Representative Line Scans
and Pad Height Probability Distributions

71 Pearson

a)

Single

Pearson

Gaussian

W

T T T T
Z (tick mark = 10 pm)

Frequency (a.u.)

| b)

Gaussian

i Exponentially]
Pearson Modified
Gaussian

Z (tick mark = 10 um)

Examples of the Peak Fitting Procedure
Left: low deformation, Right: High Deformation
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CMP Chip-Scale Model.

Asperity Height/Size Distribution

18 T 7 AT : \
16 I R . e T : s
| | . o te : g
R e e e s , T N 3
. 3 .g ° .| At 3 psi; 2 3500 o oo :
N e T 711C1000 CR = 1.0% L el
® 44 @ o
V4 o |
g 08 __________________‘L__________________L__________________E_ __________________ COVETS”D<I’ * - l- "\
i atches :
T e e R S e
) |
O 0.4 e T e 3
R e T ot 2
o a
0+ \ f f 3
0 2 4 6 8 7 ~ N

Pressure - psi

Contact Area of IC 1000 Pad under Pressure Contact Image of IC 1000 Pad under Pressure

C. L. EImufdi and G. P. Muldowney, 11th International CMP Symposium, August 2006.
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CMP Chip-Scale Model.
Asperity Size Distribution

Asperity Asperity Classical
Filtering Contact Contact

. 1'::'4 = T T IIIIII| T T IIIII| T T ' TTTTTT T
. T E
* Motivates P
SeleCtlon Of < 107 L Trench is wide enough so that the mean
block/cell i - surface is at about the same separation
p . = - inside and outside. Width is comparabile
S|lZzes In new g [ to the pad stack thickness or larger. Polish
three_part E 10 L Slope=2 rate is about the same inside and outside.
model Bt "
1] o
5 ’_/—;‘
o 1B
E o Classical smooth surface partial contact
o E theary applies in and abowve this region,

starting at about 1 mm width. Polish rate

g 19 is lower inside the trench than outside,
—— g
= N
1{}_1 i i III|||| i i |I||I| i il i L4 i i i
1077 10 107! 107 101
Y = Trench Widih [mm
Wery narrow frenches should filter out wide asperities.
Bottomn removal rate is predicted to vary as the square Classical smooth surface contact mechanics predicts
of the trench width, Width scale is < ~3-4 microns. no contact here. Removal measurements reflect
surface roughness statistics in addition to pad
bending.

T. Merchant et al., AIChE, Invited Talk, November 2004.
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CMP Chip-Scale Model.
Updated Pattern-Step-Height Model (1)

Asperity Bending over the Whole Pitch Asperity Bending over Line Space

» Model pressure ratios as a function of step ocal .
height (s) and asperity size function F ocal pattern density

|
p"*/p°® = (- F(w, +w, ))[(1_ D exp(=s/h,))/(1— Dy )]

0"/ p° = (L F(w,, +w, )exp(-s/h,)

™ asperity contact
III.- size function

step height

35




CMP Chip-Scale Model.
Updated Pattern-Step-Height Model (2)

1.2 1 06
u,l 0
- p"!/p o 0.
2 so.
8 0.8 1 F( ) 8 04
o O - F(w, +W, o 047
lw Is
g 06 1 / 2 037
£ E
2 04 1 S 021
0.2 4 1,1 0 0.1+
p"/p
0 T T T T T T T 0 T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
Step Height (A) Step Height (A)
Pressure contribution + Pressure contribution

from large asperities from small asperities
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Normalized Pressure
S O O « =2
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= Total pressure vs. step height
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New CMP Model Results

-1000+ -
O 500 1000 1500 2000 O 500 1000 18500 2000

Previous model (Tugbawa): New model:

» Two-Part or One-Part Framework * Three-Part-Framework

» No Pad Asperities Information « Pad Asperity Distributions

* Not Seamlessly Integrated with ECD « Seamlessly Integrated With ECD
Model Model

« RMS Error: 100 — 500 A + RMS Error: 40 — 90 A
(Dishing/Erosion) (Dishing/Erosion)

é‘,s'rm%
I N . P RN
L |
1 37 8.8y



CMP Chip-Scale Model.
Simulation (1)

 Starting topography: simulation
result from ECD model

Step height map (A)

= 1 0TI
1) 101

T

Envelope map (A) e N BN I Hiﬂ |
W —
Chip-Scale CMP Modeling at t=0 sec el e -: -

0 2 4 6 8 10 12 14 16 18
X(mm)
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CMP Chip-Scale Model.
Simulation (2)

Start of CMP simulation

10000
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12000
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11500

Chip-Scale CMP Modeling at t=10 sec
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CMP Chip-Scale Model.
Simulation (3)

5000
10008 -

aooo d -EDDD
G000 - .
[ N g
£ 7t A Step-height map (A)

-2000 Ny I, O Y
el - =0 I AN 1 ET I [ i

Envelope map (A)

11500

Chip-Scale CMP Modeling at t=20 sec
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CMP Chip-Scale Model.
Simulation (4)

8000
10000~ L e e T T
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Chip-Scale CMP Modeling at t=30 sec
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CMP Chip-Scale Model.
Simulation (5)

8000
R 5_““””.?“ s L 'u__?. n?nl- : -

s 14000
20004 - Step height map (A)

oo g {2000

0

-2000
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Chip-Scale CMP Modeling at t=40 sec
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CMP Chip-Scale Model.
Simulation (6)

8000

s000 {4000
2000 e Step height map (A)

0 y 12000

0

-2000
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Envelope map (A)

Chip-Scale CMP Modeling at t=50 sec
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CMP Chip-Scale Model.
Simulation (7)

8000

2000 . Step height map (A)

NI : 12000

0

-2000
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Envelope map (A)

Chip-Scale CMP Modeling at t=60 sec
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CMP Chip-Scale Model.
Simulation (8)

8000

2000+ | Step height map (A)

12000

0

-2000
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Envelope map (A)

Chip-Scale CMP Modeling at t=70 sec
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CMP Chip-Scale Model.
Simulation (9)

« Copper clearing to barrier and
o overpolishing

16000

14000

Step height map (A)

12000

Envelope map (A)

Chip-Scale CMP Modeling at t=80 sec
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CMP Chip-Scale Model.
Simulation (10)

IBDDD
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14000

Step height map (A)

12000

0

-2000

Y (mm)

Envelope map (A)

Chip-Scale CMP Modeling at t=90 sec
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CMP Chip-Scale Model.
Simulation (11)

IBDDD * Final topography

16000

14000

Step height map (A)

12000

0

-2000
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Envelope map (A)

Chip-Scale CMP Modeling at t=100 sec
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CMP Chip-Scale Model.
Summary

Q A new chip-scale CMP model incorporating asperity height and contact
area size distributions is developed, and extended to the multi-level case.

Q  Good modeling accuracy without significant sacrifice in computation
efficacy.

Q A three-part modeling framework, has been developed that matches the
hierarchical scale structure in the CMP process.

Q  The contact-wear model and the modified density-step-height model are
seamlessly integrated.

Q  The different steps (bulk copper polish, copper over-polish, and barrier
polish) at different metal levels, as well as the ECD process are
seamlessly integrated.

Q  Temperature effect in the pad properties and slurry removal rate during
copper polishing.

d  Other pattern dependencies from other process in the multi-level copper
metallization, such as etching and deposition, have to be modeled and
incorporated into the integrated ECD/CMP model to fully capture the
surface height variation in random layouts.
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Application Objective

 Problems in Conventional Copper CMP

» Low copper removal rate at low pressure compatible
to low-K materials
» Dishing and erosion problems

= Competition from other planarization techniques, eg. ECMP

4 Strategy to Extend Conventional CMP
» Reduce the electroplated copper film thickness (1 times of
trench depth)
* Improve the slurry and polishing pad to increase the removal
rate at low down force
= High linear relative polishing velocity
= Dummy fills!
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Dummy Fill Strategies

Top view
i 950 30305 [R50
T - e e
Lol [0 Ll ot
0000 T 0000 || 0o 0o
Side view
S W (L
(a) Without dummy fills (b) With between-pattern (c) With in-pattern
dummy fills dummy fills
Conventional Alternative
Approach Approach

Between-pattern dummy fills

» Sacrifice the inserted copper to even the topography after polishing
» Increase dielectric loss

» Relatively ineffective for both small and large features
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Topography Evolution without and with
In-Pattern Dummy Fill

Wide Feature with Thin Deposited Copper Film

Severe
dishing

I 4::>—

Wide Feature with Thin Deposited Copper Film and In-Pattern Fill
Enhance copper
/ deposition / Reduce
copper
Effective loss
feature size
~5pmwith/_ HHH| —> |||||||

in-line dummy
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.
In-Pattern Dummy Design

Q Goals:
® Optimize dummy design to improve
g both plating and post-CMP
topography

 Approach:
Tl ® Add “slot” to
— increase trench wall surface areas
> <« — increase plated copper thicknesses
- A " Add “pillar” oxide structures to
— support the pressure of the pad

— restrict ability of asperities to reach
copper between fill structures

Slot Pillar

H
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In-Pattern Dummy Fill in Co-Optimization

Impact of size specifications of in-pattern dummy fills

# d, d, Dummy Fill Area Dummy Fill
(Mm) (um) Fraction (%) Perimeter in Cell (um)
1 5 10 7.24 163
2 4 8 9.75 205
3 3 6 14.55 275
o
d, > <«
~1 gm

/ > <
/ ~0.25 ym
//

Major
Pillar
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Hypothetic Abrasive Slurry iIn
Co-Optimization

Removal rate vs. down force
for hypothetical abrasive-free and conventional slurry

6000

5000 | |—— Abrasive-Free Slurry P_P «
= — Conventional Slurry R = Rcu — for P > Pth
E I:)o o Pth
< 4000 -
§ P, =0.75psi
= 3000 -
S a=09
¢ 2000 -
3 Re, = 2700 A/min (at 1.5 psi)

1000 -

0 T I I I
0 0.5 1 1.5 2 2.5

Down Force (psi)

* The removal rates for TaN and Oxide are assumed to follow Preston’s
equation with a rate of 0.4 A/sec at the nominal down force of 1.5 psi

= Non-selective barrier slurry is assumed in the following polishing step
and only copper CMP is simulated for this case
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ECD Chip-Scale Simulation

Average Surface Height Map (A) Histogram of Average Surface Height
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w/o dummy fills ¢ "/
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w/ dummiy fills E

=

0
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CMP Chip-Scale Simulation

Envelope Map (A) Step Height Map (A)

[

w/o dummy fills

i o el |

w/ dummiy fills

X(rmm) X(mm)
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.
Comparison: Effective Copper Thickness

| w/o and w/ In-Pattern Dummy Fills

2.5¢

x 10"

8

Without fill 6 With fill

1.5

Cell Number

0.5f

0 0 1 L
1500 2000 2500 3000 350C 1500 2000 2500 3000 3500
Effective Copper Thickness (Angstrom) Effective Copper Thickness (Angstrom)

L Key results

" Dramatically improved topography variation based on fills designed with
both ECD and CMP in mind

" Reduction of copper thickness required, from 8500 A to 5000 A, results
in >40% reduction in plating and polishing

" The topography effects from the CMP process dominate those from the
ECD process
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|
Low-K Dielectric Impact

on Dummy Fill

0 Assumptions of in-pattern dummy design and optimization
" Copper to dielectric selectivity is high
" Barrier slurry has low-selectivity
® Details of the barrier removal step are ignored

d However, in some emerging low-K and copper damascene
approaches, reverse selectivity is used

" Higher removal rate of low-K materials could introduce significant
dielectric loss in the wide non-patterned areas

" Between-pattern dummy fills can help limit low-K dielectric loss

0 The general rule of dummy fill design

" [nsert dummy fills in the wide areas, whether patterned or non-
patterned, where the removal rate is higher

® Simulation using chip-level ECD and CMP models can be used to
optimize the dummy fill design
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Summary

U New physics-based integrated ECD/CMP model used to
" simulate the topography evolution
® study various in-pattern dummy fill designs

0 Simulation results: optimized dummy fill design can
" significantly improve the post-CMP topography

" enhance the electrical performance (net cross-sectional area) of
interconnects in some cases

" reduce electroplated copper thickness, and consequently reduce the
polishing time in CMP

" save costs on the consumables, energy
" reduce environmental impact

1 Results suggest that next generation planarization needs
can be met with joint use of (a) conventional CMP
technology, (b) abrasive free slurries, and (c¢) dummuy fill
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Contributions

Q0 Developed a chip-scale copper electroplating model that incorporates the
effects of additives, feature-scale dependencies, and copper depletion,
and can be applied to random layouts.

Q Developed an improved copper CMP model integrating contact weairr,
pattern density, and step height dependence in order to improve the
prediction of dishing and erosion for random layouts.

Q Improved layout parameter extraction procedures and terminology for
topographical features, enabling the seamless integration between
electroplating and CMP models.

Q Characterized and validated both metal 1 and metal 2 electroplating and
CMP pattern dependent effects, and extended the integrated model into
the multilevel cases.

Q Identified the impacts of temperature variation and pattern dependency of
other processes on the CMP modeling.

Q lllustrated the co-optimization of electroplating and CMP and
demonstrated the significant improvement in the topography and effective
copper thickness from the use of in-pattern dummy fills.
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Future Work

d Improvement and refinement of the current
ECD/CMP integrated models.

* Include leveler into ECD model

» Details of slurry in CMP model

» Temperature effect in CMP model

» Further dummy fill optimization, experiments

» Impact of the electroplated copper thickness and dummy fills
on the copper resistivity

O Seamless model integration with other pattern
dependent processes in the back-end-of-line.

= Etching pattern dependency
* Film deposition pattern dependency (CVD, PVD, Spin-on ...)
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