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Doing Moore with the Same?
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Doing More with the Same?

Integration of materials with new

and/or increased functionality

General Fabrication Technique for
Controlled Nanopatterning

= Any material, any substrate
® Arbitrary, addressable features/patterns

m Platform for size/interface effects
studies, device development, etc.

Why Ferroelectrics? = Reduce physical size

® Demonstrate broad applicability = Reduce power consumption
= Study fundamental lateral size and = |mprove operation through interface
aspect ratio effects control

= Ultrahigh density NVRAM
) Sandia Nertionel Laboeatories
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Micro-, Nano-Patterning of Arbitrary Materials

= Challenges of expanding beyond ‘standard’ materials
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Donthu et al., Nano Lett. (2005)

= Need functional crystalline nanostructures
In predetermined locations without needing
to develop new etching / integration
approaches for each new material(s)
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Overview of Our Approach

® Goal: Combine flexibility and functionality of chemical solution deposition with use of
e-beam and BCP patterning capabilities

Solution Deposition Feature Definition Challenges:

Fabrication

t Patterning |
Integration
Performance

= Avoid etching
functional materials

_ = Avoid any fab-based
processes during/
R — after deposition of
functional materials

= Maintain feature
integrity after thermal
treatment(s)

®m Retain function in
nanoscale features

¢ Fabrication §

t Integration

t Performance §
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SNL IMO-based Solution Route

y Zr(OBu), BuOH

Spin Coat Deposition

+ 2 TH{OiPr), ~2000-5000 rpm, 30-60 sec

Slend 5 man

Drying (optional)

80-120°C, 1-5 min

Functional thin film multilayer
Pyrolysis capacitor structure

200-400°C, 1-5 min

[+x Pb{OAc), /H, 0

Optiona! PO layer
90°C vt Cloar &

ooloriess, then cool

Crystallization f
600-700°C, 5-60 min

G CONSLANt SUITING w—

Optiona! PoO layer

Multichip module with PZT
thin-film capacitor arrays

R.A. Assink and R.W. Schwartz; Chem. Mater. (1993)
G. Yiand M. Sayer; J. Appl. Phys. (1988) .
Brennecka et al., J. Am. Ceram. Soc. feature article (2010) 1‘ Sanda Ntionad Labosatones
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Pattern Definition

= Continuous films are very limited in function
= Difficulties of etching PZT-based films
- Access to tools...
- Property/reliability degradation
= Alternative approaches to patterning/integration
- Direct write
- Microcontact printing
- Various transfer techniques
- PZT-friendly lithography
- (Directed) self-assembly

I _ >
photolithography
-— >
e-beam
10nm 100nm Tum
. [ [ [ )
solution deposition
Sanda Ntorad Labosatones
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Microscale Patterning

Pt//SiO2//Si

etch

unpoled
Pt//SiO2//Si

deposit, crystallize

PZT

Pt/SiO2//Si

sputter Pt
Pt
PZT =
&
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dy, * 2peNV
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Pattern Definition

= Continuous films are very limited in function SU? ZMZW é?é&i%

= Difficulties of etching PZT-based films Substrate
- Access to tools... Lﬁ"\

e.g. P(5-block-MMA)

- Property/reliability degradation P(S-b-MMA)

= Alternative approaches to patterning/integration
- Direct write Y . Substrate
- Microcontact printing M ”
- Various transfer techniques i i

| Cylinders Lamellae

PS PMMA
—_

- PZT-friendly lithography
- (Directed) self-assembly

. N Substrate
photolithography
B B > _
- e-beam 12-40nm
[ _ o
€ ‘ ‘ ‘ 3 Substrate
1 On m 1 Oonm 1 um Guarini, KW, et. al., J. Vac. Sci. & Tech. B,
® > 2001, 19 (6), 2784-2788
solution deposition
T Senda Ntioned Labosatones
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Diblock Assembly on Various Substrates
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Additive Fabrication of Patterned
Electronic Oxides
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Block-Copolymer
Directed Self Assembly

T-junctions

Imaging Layer = 1-3 nm

Substrate

—

l Exposure
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l Bake
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with Prof.

Optical Interference Lithography M :°"

\_

| Critical dimensions ~70 nm
Patterned areas ~4cm?
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Density Multiplication

Process flow with ARC and 193i

L

<

Inorganic ARC X-PS cross-linking 193i interference O, plasma etching
deposition lithography (breakthrough and trim)

ov-S.e

PR strip with random-OH BCP directed- PMMA removal
solvent brush deposition assembly
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3x density multiplication
30nm features in 90nm IL pattern
over mm? areas
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Cylinders

4X Multiplication
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Metrology
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Line Edge Roughness (LER)
30 deviation of a line edge
from best-fit straight line
target LER <5 %

Intel-blessed standard, quantitative, non-destructive
feature/defect analysis at each stage of process
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Metrology

Onercabonal autocomraiation funchon of «

R W ) - ) - o O - —-— -
200 400 600 800 1000 1200
rirm)

Transianonal asocomelation funchon of rmth RO =20 4085 300112 556302

0 200 400 &00 800 1000 1200

All made possible by FEI Magellan SEM:
quantitative sub-nm measurements from
uncoated samples
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Summary

= Extended BCP-based patterning to wide variety of materials (substrates
and solution-derived features)

= Up to 4x density multiplication with DSA-BCP over mm? areas

= Near-arbitrary control over position and (to some extent) size of
nanoscale features

—
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