s
Rl

@IWAPS 2018.10.19




Background 5=

El Directed Self-Assembly

“ How does it work?

m"’é‘: Ed A downscaling story
Outline DSA Applications

B summary &




Extending Moore’s Law

More Moore: Miniaturization

Baseline CMOS: CPU, Memory, Logic

More than Moore: Diversification

HV Sensors

Interacting with people and environment
Non-digital content
System-in-package

Information
Processing

i Digital content
ystem-on-chip
(SoC)
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* > 5Billiontransistors per CPU
* 100’s of CPU per wafer

At least 100 times more devices on
one wafer than there are people in

theworld (B TFAXEAI)
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first year of IC production
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45 1193 nm immersion with water
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16 |EUV
innovative 193 nm immersion
pattern

ML2

imprint

directed self-assembly
interference lithography
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ML2

imprint

directed self-assembly
interference lithography

32 [193nm immersion double pattern

193 nm immersion double/multiple

77

narrow

MPU/DRAM time line

options

narrow options

No proven optical solution below this line

multiple
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the key indicates the time during which research, development and qualification/pre-production should be taking place for the solution.

research required
development underway

b

qualification/pre-production
continuous improvement

narrow options

flash time line

narrow options
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How does DSA work r.{&/% 32
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Directed self-assembly f s % 1. %,

BRES DS HERVEIR

Block copolymer thin film

5nm < L, < 50nm

-£N0
50nm 5nm 30:70% 59-50ﬁ
|le—— L, —| B:A B:A
300Gb/in? 40Tb/in?

Bin: SREHARY AT CARBITIRE
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- Polystyrene
‘LMMA
BIRE
10:90% L ‘
B w w
30:70% 50:50%
Plasma etch to remove B:A B:A

one domain
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Directed self-assembly f 4% 1. %

IRES DI HREVEIR(E )

Block copolymer thin film (Lamellae)

Self-Assembly

A-block-B j @?‘%@W h i
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Chemical Pattern DSA @% /

BN : SEB4A% (Neadley et. al. Nature 2003)
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750 nm (
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DSA on chemical pattern
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Directed self-assembly | 4% 1 ¥,

Poly(stylene-b-methylmethacrylate)
(PS-b-PMMA) thin film

Su bstrateA ’
surface

Self-assembly PS chain
(anneal @170°C)

PMMA phase
(cylindrical)

PS phase

Etch PMMA phase PMMA chain
f—

Cylindrical

. ﬁ

m Short range order: hexagonal close-pack

m Long range: disordered (without guiding)
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Directed self-assembly f 4% 1. %

Pattern Rectification
L. -27nm L -27nm

Density Multiplication
L.=54nm; L =27nm
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Advantages of block copolymer
directed self-assembly:

m Improved island uniformity
m Improved placement tolerance
m Density multiplication

m beyond e-beam resolution

B Saves exposure time

m Compatible with circular tracks

150

300 450 600
2
Dot Area (nm®)

150

300 450 600
Dot Area (nm°)

(1000 Gb/in2)

I R. Ruiz, H. Kang, F. A. Detcheverry, E. Dobisz, D. S. Kercher, T. R. Albrecht, J.
J. de Pablo, P. F. Nealey, Science 2008, 321, 936.




My DSA Journey #t &, = 5

Directed Self-Assembly

I
—

1 1 1
Lithographically defined | i | Chemical pattern
Chemical pattern ! I I
Self-Assembly Double
Pattern transfer .
Triple
DSA
(Directed Self-Assembly) — Quadruple

& Fhigh Chi polymer » &5 F& > B¥ %/ EE R+ |

A downscaling

story:

10nm,
9nm,
8nm,
énm,
5nm,




& Making a hard mask using SIS
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g ‘ DSA w/two different guiding strategies
3X DSA, L=64nm | W~0.7L, W~1.5L,

IS

30 Roughness (nm)

After SIS After SIS (1.5L0) AlOx AlOx (1.5L0) i Si (1.5L0)
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& 3D characterization by TEM tomography

back filled with short PS brush
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Polymerization System: Shlenk System with Inert Gas (N,)

—
Monomer/Reagent
Storage

Exchange the Reagent Storage
Styrene—Reagents—2-Vinylpyridine

Initiator/Quencher
Inlet

Vac/N, Lima
Thermocouple N

Vac/N, Line

Solvent Storage

=
‘gﬁ,
&
&
P

[T
=B E s TERY

Acetone/CO,
-718 °C




ANANO

Directed Self-Assembly of Triblock Copolymer
on Chemical Patterns for Sub-10-nm
Nanofabrication via Solvent Annealing

Shisheng Xlong, Lei Wan," Yosl’uhnto Ishida,” Yves-Andre Chapuis,"" Gordon S. W. Cralg,
Ricardo Ruiz," and Paul F. Nealey*'
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P2VP-PS-P2VP Triblock
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Lithography on XPS Breakthrough and trim etch
W' Backfill and brush grafting Coating of polymer and a ing
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Synthesis of Al,0; by SIS Polymer removal and etch into Si
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DSA+SADP for 5Snm Iithography!

Chemical Patterns DSA of BCP Polymer Removal

“ . Mandrels

SOG Trim SOC Trim

Spacer Deposition SOC Mandrel
by ALD Spacer Etch Back Removal

(a) PS guiding stripes, pitch: 84 nm (b) DSA pattern, pitch: 21 nm (c) Polymer removal, pitch: 21 nm
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Bit Patterned Media via DSA (w/WD)

Patterned Magnetic Media

Conventional
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Double DSA $ it f % 1%

Planarization

Rotary stage e-beam lithography DSAor line & apply XPS
doublmg mat

Submaster template

\\“llllnnllll",,

=
=

R TTTTTT) i TTTTTIAS

E-beam O, RIE

Directed bIochonmer self-assembly ’
“ & Sub-master tmlate fabrication JVI #
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\ | "Double imprint |
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To| down view

Template replication PMMA Pattern
removal transfer

Alternative process flow: linear

1. DSAJline doubling is robust enough for this high
risk process

2. Needs alignmentin e-beam tool




Double DSA %6 % 1%,
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Bit Patterned Media via DSA

EIEFEENEER

1.2 Td/in? master template pattern
(20.5 x 27nm Full Pitch)
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More DSA Applications & A

PR TF EN

100nm

FinFET 8 R730N BIAE

% é Silicon FinFet Top Gate I4-V 8nm Silicon FinFets 14-Vy4
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Step 0: Pattern Transfer into SOl wafer Step 1: Nickel Silicide deposition $ =" — 8 | Vg=-1.510 1.5 with 0.3V step
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Gate Voltage (V) Drain Voltage (V)
Step 3: Deposition of top gate metal Step 2: Deposition of
on Al,04 dielectric layer (by ALD) Source/Drain metal contact
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Sub-10-nm patterning via directed self-assembly
of block copolymer films with a vapour-phase
deposited topcoat
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