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Multilayers

*Pulse discharge
* Remote sensors
* Medical devices

% —any application that needs

% rapid access to a large

. amount of electrical energy in
TR . a small volume

~d Thin films
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‘Standard’ thin films
« ~250 - 1000nm thick
* applications >50V
 high energy density
* pulse discharge
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» Single-phase continuous PZT
films as thin as 9nm
fabricated via spin coating

* Minimum thickness ultimately
limited by islanding during
crystallization
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Commercial Pt bottom electrode

9 layer capacit ~20nm solution-deposited PLZT layers
and ~20nm sputtered Pt electrodes Brennecks, ot al, J. Mater. Res. (2008) @ Sandia
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Good news:

Properties
scale well
with number
of layers

Bad news:

Properties
are severely
compromised
below ~50nm
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After Thermal
Processing
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Traditional processing

increased temperature, time
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Ph-rich
solution

Ph-rich gel Pb-rich fluorite

F’b-F’tch interaction layer Cation diffusion into Pt

increased temperature, time
] I L] ] ] ] | | ] ] >

Pb-poor
solution

Pb-deficient followed by conversion

Ph-poor gel

Perovskite
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Crystallization of PLZT | Nearly instantancous

(< 4 minutes or 20°C) _~"PtPb, disappears after
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Generic platform for nanoscale
studies and device fabrication

— continuous dimension control

— variety of materials systems

— studies of fundamental size, aspect ratio,
and interface effects
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Working with UT-A and
UWisc on surface treatment
and diblock orientation
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* Phase separation of immiscible
‘blocks’

« Various morphologies are
thermodynamically stable

» Choice of blocks and ratios gives
(some) control over size, distribution,
and morphology

David Pine
(NYU)

Spheres

Cylinders
PMMA spheres in
monolayer

PMMA cylinders
perpendicular to 30 m
surface

Insulator

«Mn = 78000 g/mol
_ ] PMMA «83% styrene
-Mr:) = 67000 g/mol B pS .1702 m)éthyl
+70% styrene methacrylate

*30% methyl
methacrylate

«20 nm diam pores
«~6x 100 cm2

+12 nm diam pores
~1.2x10" cm2

AFM image of cylindrical P(S-b-MMA) template on SEM image of spherical P(S-b-MMA) template Sandi
silicon dioxide after sputtered with gold for Na? la |
mechanical stability Assemb Iy done at UT-A [aE}] L(:g?ories
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Solution
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Technique also shown
to be compatible with

Substrate Ni, V, and Mn oxides
TiO, solution infiltrates 20nm columnar features Remove PS ﬁa?_dial
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in nanopatterned PS (also shown in HfO,) Laboratories



« Geometric confinement can lead to
‘crystalline’ single-domain state

 Demonstrated for Si / SiO2 with
cylindrical and spherical diblocks

» Pre-defined pixel location
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(250nm wide
features, 35nm

thick diblock
copolymer)
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Dry etch:
- low selectivity
- relatively high edge resolution
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Wet etch:



After removal of PS mask, TiO2 nanopillars were heated to 550° C
for 30min to crystallize.
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Nanofeatures are still mostly discrete, but some ripening has taken place.
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Unpoled * Pattern transfer (top left)

* Pt liftoff (top right)

* PZT is piezoelectric
and appears to Sandia
be ferroelectric O] s




« Continuous single or multilayer films for capacitor applications

— Optimization of film performance below ~50nm requires better control
of phase / interface development

« General patterning approach
— Useful platform for fundamental studies and devices
— Diblock-copolymer mask for ~12-50nm feature definition
— Graphoepitaxy (and/or chemical patterning) for bi-level pattern control
— Etching step currently the limiting factor for breadth of materials
capabilities @ Sandia

National
Laboratories



