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Basic building blocks for plasmonic circuitry

Electron beam Electron beam
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In general: Why phase-change memories?

Flash memory expected to encounter significant scaling limitations
in the near future - IBM Research (December 2006)

Writing data into a flash memory is 1000 times slower than DRAM
or SRAM

Extremely difficult to keep current cell design of flash non-volatile
as Moore's Law shrinks its minimum feature sizes below 45 nm

500 GB (2006, Hitachi), 32 GB (2006, Samsung)

0.1 Tb/in? 40 nm process

Hard disk technology, Flash technology, '
Bit cell: ~80 nm
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25GB/layer (2006
L=l L - flayer (2006)

" . ~. 0.015 Tb/in? Phase-change memory element
1§GB/Iayer (2006), 0.009 Tb/ll’]2 BlurayOisc Bit cell: ~220 nm (December 2006, IBM Research)
Bit cell: ~280 nm !

Bit cell: ~20 Nnm
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Phase-change memory functionality
Optical

Electronic
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The crystalline phases of gallium
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Crystalline parameters at absolute vacuum
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Different phases possess
different optical properties
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[A. Defrain, J. Chimie Phys. 74, 851 (1977)]
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Growth of nanoparticles for phase-change
memory functionality

e e Sputtering of gallium nanoparticles
Scanning electron microscope ¥ : .
= ™ x onto the end face of an optical fiber

e Light-assisted growth performed in situ
of a scanning electron microscope

Gallium atomic beam
S .~0.3 nm/min

Standard or

. tapered optical fibre
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Growth of a single nanoparticle

SNOM probe End face of probe Probe tip Opening in probe tip
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1.31 pym probe

scanning-nearfield optical
microscopy (SNOM) probe

Outside vacuum chamber

Pump-probe setup for reading
optical cross-section (reflectivity)
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Pump-probe detection of optical cross-section

CW 1310 nm probe

Modulated | . . . . -
1550 nm pump ) N O | | A 1 [ ] 1550 nm pump

f~1.9 kH=z
~30 nW

Reflected probe
modulated at

pump frequency

Reflected Modulation

amplitude,
prObe arb. units

Optical Excitation

Reversible phase transitions
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Light-induced phase transitions
In a single nanoparticle
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temperature
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[Soares et al., Nano Lett. 5, 2104 (2005)]

e Control power at aperture ~30 nW

e Detection of nanoparticle’s optical sensitivity to supplied thermal energy
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Memory functionality
of a single nanoparticle
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Optimisation of light-assisted nanoparticle growth
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Electron beam-readout of phase

Cathodoluminescence of
gallium nanoparticles

- Before phase transition
- After phase transition
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Cathodoluminescence readout of Technique not limited by optical
phase of nanoparticles diffraction

Difference of 10% in emission Low energy deposition leaves
detected at 520 nm memory state intact
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Intensity difference (counts)

Future outlook: The scanning electron
microscope as a plasmon source 78

Electron beam

‘1. Outcoupled light

Fiber bundle to
spectrum analyzer

4

Intensity (10 "counts)

e The SEM as a tool for analysis
of plasmonic structures

n=17

e The injected electron beam as
a highly confined source of
plasmons

[Bashevoy et al., Nano Letters 6,
1113-1115 (2006)]
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Conclusions

The scanning electron microscope as an optical workbench for
nanophotonics

First demonstration of a quaternary optical phase-change memory
element in a single gallium nanoparticle

Optimization of light-assisted growth of nanoparticles, to reach
below 45 nm size

Cathodoluminescence readout of optically written state

The scanning electron microscope as a highly localised plasmonic
source
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Non-volatile data storage — a brief overview

Optical binary phase-change media

= BIu-ragD/sT;:

4.7 GB/layer (1996)

g:> Bit cell: ~510 nm

CD 650 MB (1983)
Bit cell: ~1.4 pm

25GB/layer (2006)
0.015 Tb/inZ
Bit cell: ~220 nm

HD DVD
-l

15GB/layer (2006), 0.009 Tb/in?2
Bit cell: ~280 nm

Electronic

@Audio, Mobile storage, USB memories

[mmmmmmmm e m e e e N -

Flash, 128 KB
(1988, Toshiba)

Flash, 32 GB (2006, Samsung)
40 nm process

500 GB (2006, Hitachi),
0.1 Tb/in?
Bit cell: ~80 nm

5 MB (1957, IBM Ramac)
50 24" discs, 1.7 Kb/in2 —>
Bit cell: ~600 pm

Electronic binary phase-change media

Examples:
e Doped SbTe (1)
e Ge,Sh,Tes (?)

Structure

Resistance

Time

Lankhorst, Nature Mat. 4, 347 (2005)
2Welnic, Nature Mat. 5, 56 (2006)

Isolated nanoparticles for optical
phase change memory functionality
and optical or plasmonic switches

-

0.34 Tb/in? (Sep 2006, Hitachi Research)
Bit cell: ~45 nm
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