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Challenges Facing Nano System Manufacturing
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Manufacturing length scales..
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Manufacturing Methodology vs Length Scales
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Lithographic techniques

e Lithography is the
principle means
of writing circuit
elements

e Resolution limited
by wavelength

Node (nm)

500

Optical Lithography
Feature Size vs Wavelength

: 248 nm
s,

S

1994

1998 2002

Year

2006

2010

2014

IIIIIIIIIIIII



X-ray lithography

EUV Source Production o ——

In conformance with Intel co-founder Gordon Moore's
1965 prediction, now known as "Moore's Law," the density
of circuit elements on microchips has doubled roughly
every 12 to 18 months for more than 30 years, resulting in
ever smaller, faster, and cheaper computers. However,
manufacturers know that the traditional technique for

Xenon Delivery
System

— ]

Xenon Compression
Unit

Laser in
s

Multi-Layered
Mirror

Xenon Recycling
& Purification Unit

printing circuit patterns—optical lithography b on BV 1o (e Frocoatin
N . . . . Main Target and. 9
: refractive optics (lenses)—cannot conti efinitely on Vaciiiiih Chambor Chamber
Moores Lawe this course

Turbo-molecylar
Pump >

——=E—

hot plasma

EUV output

Today's leading candidate for a successor, known as EUV
lithography, relies ©6n reflective optics (mirrors) to image
----------------------------- —_— patterns from magks onto the surface of a silicon wafer that
gas flow will ultimately pe diced into microchips. The first computer
processors produced with EUV technology beginning around
2007 are expected to be almost ten times faster than today's
most powerful chips, and the storage capacity of memory
chips will increase even more. But before that day arrives,
there/is the matter of producing accurate EUV lithography
cameras

EUV Source Requirements

laser « 100W at the workpiece (A 13.5nm)
* Pulse repetition > 1kHz
e Chamber pressure <10 bar

nawarlaca » Xenon density 108 cm-3
PoWer.ase- 77 BOC EDWARDS « Laser power density 10 to 10 13Wcm-2

focusing lens
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Long term future? Nano Imprint Lithography
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Nanophase material properties in comparison with
coarse grained counterparts
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Ga Focused lon Beam Machining




Benefits:'
e Rapid Material
Removal

Mag= 400KX 2Zpm WD= 5mm EHT = 5.00 kV Signal A= SEZ Date :3 Sep 2006 Time :16:39:43

NVision 40 ——— FIB Mode = Imaging Pizel Size = 27.9 nm FIB Probe = 10 pA System Yacuum = 4.99e 006 mBar
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Benefits:
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High Resolution
(0.50 nm)
No Charging

Artifacts
Large Depth of

2d catalyst grown on ZnO nanowire
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Multi-lon beam machining

He Milling
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Sample: Gold film on Glass substrate



lon Beam Milling ﬁ
Application * Solid State Nanopores

Research

Area DNA sequencing, Single Molecule Detection

Challenge Creating 5 nm holes in 7 layer metal-dielectric sandwich film

Conventional )
Method TEM at high energy

m Helium lon Beam Milling, 400X faster

. 15s to drill a single hole (400X faster than TEM).
= Hole uniformity much better than any other
technique (t 1nm variability).

5 nm hole

#£— 0dnm —»




lon Beam Milling W
Application * Graphene Nanoribbons (GNR)

« Graphene created by the exfoliation
method
* 1-3 layers thick
« Created on SiO, over cylindrical holes
on surface.
* lon milling carried out on the suspended

drea.

*Courtesy: Dan Pickard, NUS

Advantages Fast, non-destructive, contamination-free




He lon Beam Milling
Graphene Nanoribbons (GNR)

Dose (ions/cm?)
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10 nm wide ribbon
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*Courtesy: Dan Pickard, NUES



lon Beam Induced Deposition
Application * Deposition and Etching of Metals/Insulators

Research
Area Semiconductor failure analysis

Challenge Creating high quality metal and insulator deposits for the 22nm node and beyond

T T L T N Tl Tl B Ml T Tl T

50nm metal lines with 100uf).cm resistivity  15nm insulators with 10*'(2.cm resistivity 12nm lines etched in TaN absorber layer



lon Beam Induced Deposition ﬁ
Pillar Growth: Proximity Effects

* FIB: minimum pillar diameter = 100 nm
* HIM grown: 35-40 nm

« 200nm pitch Ga-deposited pillars are severely distorted by neighbor interactions
» Helium pillars grow uniformly at 16x packing density




lon Beam Lithography
Application ¢« Sub-10 nm Lithography

Solution Helium lon Beam Lithography.

State-of-the-art Best its - 4 i ‘7 itch
He-Beam Litho est results : 4 nm lines at 7 nm pitc

Half-pitch =5 nm
@ Dose = 68 ions/nm

Half-pitch =4 nm
Dose = 56 ions/nm

Haif-pitch = 3.5 nm
Dose = 49 ions/nm

Extending

Source: Karl Berggren, MIT
Donny Winston, HP

the limits...
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Key Research Challenges

Create & demonstrate new production chains
to apply nano & micro scale features rapidly
onto large (and continuous) multi-material
substrates, through “flag ship”™ projects
creating 3 research platforms.

Create & demonstrate new ultra precision and
fine feature generation processes for multi-

material processing of emerging smart
nroducts mrlnrlmn their effective qua!ity
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Control.



Working envelope
100x100x100mm

Next generation ion-beam
Nano fabrication systems

0.1 nm 1 nm 10 nm 100 nm
| | - |
nanoworld
Mw"*m 10"m 10*m 10 "'m

Ultra Precision Technologies

Working envelope
1.9x1x1m

Working envelope
100x100x100mm

Micromachining systems
Large scale nano/micro
Reel-reel production

Next generation laser

1pm 10 pm 100 pm 1 mm 1om 10cm 1m

10%m 10'm 10%m 10%m 10%m 10" m

Nanometer precision

Closed loop manufacturing processes

Quantum electronics, nano-photonics, displays, holographic optics, micro-fluidics,
polymer electronics, precision optics, micro-components, optoelectronics




Research Platforms
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Nano Fabrication Platform
Technology

Ar . Far E H ‘%
£ 5
ALrAr
Ultrafast Laser surface/ RAP surface/volume High resolution system
volume modification sputtering integration
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Productivity ~ x 30,000 over FIB
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Hybrid FIB/Laser/RAP
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The Alpha Factory

The Alpha Factory would serve as a hub for innovation and
manufacturing technology development and company scale
up and would actively identify and provide services required
to support client's success. Preliminary objectives for the
Centre may include the following:

Assist the commercialisation of emerging innovation

Support the development of advanced manufacturing
technologies

Create new job opportunities for Cambridge area residents
and those in the wider UK

Better leverage of intellectual property from universities,
research laboratories and companies

Generate new innovation models for the UK
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