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State of CMP
Market Inflections are driving CMP Growth and Complexity

Paradigm Shifts in CMP
Strategies to address CMP Complexity

SMART CMP
Tailored CMP Pads

Paradigm
Shifts in CMP
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Market Evolution
Layers of Demand Drivers
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PC +
Internet Era

2000 2010 2017 2020
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happening
NOW

$90B

2017 + 2018 WFE*
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Relative No of CMP Passes

CMP Enabled Inflections

LOGIC
1 2 3 4 5

3D Transistor: FInFET
Co contact & local interconnect

3D Multi Patterning
» SA Gate Contact

Large Die Form Factors
» GPU
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3D NAND
Gen 1
1 2
= 3D NAND

3D NAND

Gen 2
3

» More W & oxide CMP

» CMOS Under Array
» Stacked Cells
» Multi-Material Polish

3D NAND
Gen 3

ADVANCED PACKAGING

2.5D 3D DRAM

Si INTERPOSER
[ oo ] oe2 |

MEMORY

i
B osiccorrionary il

FLIP-CHIP SUBSTRATE

= Wafer Level Packaging
» Image Sensors
» Redistribution Layer (RDL)
» Through Silicon Via (TSV)
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Entering a
NEW ERA
of growth

)

“A.l related growth will boost
global GDP by $16T by 2030"

— The Economist / PwC

“Data is to this century what oil
was to the last one: a driver of
growth and change”

— The Economist
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SMART
FACTORIES

B8 50M
GB/day
SMART
BUILDINGS

S55M !
GB/day
e, ‘!]

SMART CMP

2M

GBIday

)

SMART
VEHICLES

o 40M

GB/day

PUBLIC SAFETY
SYSTEMS

S0M

GB/day

How will we use Al enabled SMART CMP?

N

SMART
AIRPLANES

4M

GB/day

&

SOCIAL MEDIA
+ OTHER

2M

GB/day

EXPLOSION OF DATA GENERATION (For CMP Also)
A city of 1M people will generate 200M GB of data per day by 2020
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Hardware Materials

Endpoint Pressure/Velocity

CMP System & Process Control Technologies
[ Real-Time Control | [ Feed Forward/Back CLC | | Real-Time Contol |
'WTW Control
Stop-On Film Stop-On & Stop-in Film Stop-On Film
« Friction (Motor Torque) - Host Based APC + Optical {Laser)
{Up & Down Stream Data)
= I « brven s abe S
5 | - optical (LaserWhite (integrated Metrology} + Electro-Magnetic.
o Light) (Eddy Current)
2 .
2
2
Stop-In Film Stop-On & Stop-In Film Stop-On & Stop-In Film
~ opticat (Whits Light Howt Based APC  Blcromagratic
- Multi-Zone Polish Heads (Up & Down Stream Data) (Eddy Current)
* Muiti-Zone Gontrel + System Based APC
(Integrated Metrology &
Multi-Zone Polish Heads)

System Control - Polish Pressure, Fluid Flow, Rotation Speeds, etc.. = F

Chemistry Delivery Temp. Control

i+

Conditioner Retaining Ring

©+0

CMP Input Parameters.
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Open Loop CMP

Chemistry Delivery

Temp. Control

4

Retaining Ring

O

Pressure/Velocity

Pad

Polymer

A "\ d
b,

Conditioner

O

-

Input

o -
 —
« -
/ -

Static Process
Recipe

-

Output

Open Loop

Open
Loop
e

die thickness

Stability achieved through reduced Input Parameter variability.
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Process Controlled CMP

Endpoint
+ocess Corrol Technas

Property
Input Change

* Process Control

Output

Pressure/Velocity
I

Chemistry Delivery

PC PC

Dynamic Process
Control

PC PC

Conditioner

o 4 , [r— Process
Control
« — -
4 * \
Temp. Control Pad Retaining Ring « I Open

7 \ Loop

Polymer |npUt « —_— Output - \
& W diethickness  ~
Pore @Gmﬂvﬁ

Static Process
Recipe

Performance improved through Dynamic Process Control of Input Parameters.
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Al Augmented Process Controlled CMP

1"

Pressure/Velocity

Q

Property
Input Change

Dynamic Process

-

Output

Control (Property + Al)

Temp. Control

4

Slurry

Pad

Polymer

v
Port OGmma

Conditioner

O

Retaining Ring

O

Input

-

Output

Artificial Intelligence

PC PC

PC (o4

Artificial

Intelligence

, ‘ Process
\ Control
7 CEEN

die thickness

thickness =3 System Al

Al has the promise of optimizing output through the interpolation of multiple Input Parameters.
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Warning with regards to Al Processing

Output success is a function of algorithm training.
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CMP Process Optimization

Die Layout

Polish
Inputs

Fe————— ]
1 I
1

!
I Layout Opt. 1

. I -------q
Dummy Fill , I

1 | i

¢---------

Performance

Polish Process to Specification

1 ! 1 |

] I ] l
| | i
Hardware 1 Materials 1 e )

Input Mod. ,’ Input Mod. I’

CMP Polish process versatility continues to enable new integration schemes.
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Hardware

Endpoint

CMP System & Process Control Technologies

Pressure/Velocity

Real-Time Control Feed Forward/Back CLC Real-Time Control
i =

I

\ a8
Stop-On Film
+ Optical (Laser)

Stop-
- Electro-Magnetic

Stop-On Film
+ Friction (Metor Tarque} :
(Eddy Current)

Stop-On & Stop-n Film Stop-On & Stop-In Film
Host B + Electro-Magnetic
wpsa m Data) (Eddy Current)

+ Systes
(integ: ogy &

Multi-Zone Polish Heads)

System Control -> Polish Pressure, Fluid Flow, Rotation Speeds, etc...

Chemistry Delivery

+Q

Temp. Control

t 4

Materials

Pad

y N

|
-

Retaining Ring

+ 0O

Conditioner

Each Process Input has a Structure/Property Model
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CMP Pad Structure/Property Input Parameters

Lo ol

[

o

Cell Periphery

Device Features Feature Arrays Die level

10 nm 25-3000 um 5-20mm

Log Scale | - j i i i i t
™M 109 108 1077 106 105 104 103 102

Critical Length Scales
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CMP Pad Structure/Property Input Parameters

Cell Periphery

e

Device Features Feature Arrays Die level Wafer

10 nm 25-3000 pm 5-20mm 300mm
Log Scale | - | } ! j i i ; 1
™ 109 108 1077 106 105 1074 1073 102 101 100
Polymer Chains Polymer Domains Pad Porosity Pad Groove Polish Element Pad Rebound
50-100 nm 500-5000 nm 10-50 um 100-500 pm 0.5-3mm 10-100 mm

Asperity Contact Area = 10-50um

—
Typical Particle = 80-120nm Peak to Peak = 200-300um
100nm

Structure/Property relationships can be deployed to design locally optimized CMP pads.
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CMP Pad Input

Domain

Polymer
Chain

NS e

Experimental
Inputs

Rebound

= =

Polish Process

Fixed Inputs

Parameter Optimization
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Performance Output

—

o/ —
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V - Pad Property Inputs

Baseline
Polish Recipe

Inputs validated against Outputs. Results are developed into Pad Structure/Property Algorithms.
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CMP Pad Design Optimization

Domain

Polymer
Chain

-[g-)f-o-cn,-O-q-g-o-cnrcn ,-o}
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coutiaro.

Pad
Rebound

Experimental
Inputs

Fixed Inputs

Structured DOE

o -
=
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Baseline
Polish Recipe

-

Pad Input Model

Performance Output

Pad Property Inputs

Rigorous Modeling efforts allow for targeted optimization of CMP Inputs and improvement

to Die level Performance Outputs.
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SMART CMP

Domain

Polymer
Chain

o o -—em»--w

Pore

Pad

F
eature Rebound

SMART CMP: Input Parameter Model optimized Al deployed using Dynamic Process Control.

Dynamic Process
Control

494

Input Models

SMART CMP

PC PC

Artificial
Intelligence

Process
\ Control

die thickness

Input Models

thickness (== System Al
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