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AFM Basics

Photodeiestion

Tip Aloms
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AFM can meet a variety of dimensional

A Atomic force microscopy (AFM) needs.
measures the interaction force
between a cantilever with a tip radius  ATypical AFM tips are made from Si or

of a few tens of nanometers and the  SINXx and have commercially available
sample surface. radii between 2-60 nm

Alip-to-tip variation can be
considerable

Aviaterial brittleness can result in
short tip lifetime

A Forces between the surface and tip
result in a deflection, which is
detected by a reflected laser and
photo-diode.
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Advantages of Carbon Nanotubes Over Conventional Si Tips
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A CNT-AFM advantages
I high resolution (small tip radius)
I large aspect ratio for deep trench profiling
I long life time due to tube flexibility
I controlled synthesis for repeatable

fabrication
A Enhanced resolution

I sub10-nm vs 10006s of nm
conductive probes

oo [Eear . SRR A Enhanced electrical sensitivity
o TEM images of CNT I <10 mV
showing 4-walled A Cylindrical vs. conical geometry

structure. .
| access to densely spaced features

Well-defined compaosition

Electrical properties that do not degrade
with use

T> T

A CNT-AFM disadvantages
ccce [N ;i ; o s o o) | I poor tip-to-base conductivity
CNT manually CNT grown directly on  CNT manually mounted A can be improved by doping
mounted on a Si tip a Sitip on a sharpened W tip T reduc_ed S/N ratio due to parasitic
capaC|tance
A can be reduced by coating CNT with SiO,
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Carbond Many Structures and Applications

Allotropes of carbon: a) diamond, b) graphite, c) lonsdaleite,
d) C60 (Buckminsterfullerene or buckyball), e) C540, f) C70,
g) amorphous carbon, and h) single-walled carbon nanotube

or buckytube.
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Double-walled
Carbon Nanotube
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Multi-walled
Carbon Nanotube

Nanotube Rope




2009 ITRS Dopant Metrology Requirements e

poly gate
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halo implants

S/D extension
ultra-shallow
junction implants
(S/D implant)

n+ X

Year af Production 2009 2010 200 2012 2013 1014 2015
Diopant atom P, As,B | P,As,B | P,As,B P,As,B | P,As,B | P,As,B | P,As,B
Divain extension X () for bull MPUASTC [AT 13 12 10.5 9.5 5.7 §

Extension lateral abrupmess for bull MPUIASIC mmidecade)

cr 3.5 3.2 28 24 2.3 2 1.8
Lateralidepth spatial resohition for 200V3D dopant profile (nm) 35

At-line dopant concentration precision (across concentration

rangs) [D]
AFM can be adapted to a variety of electrical metrology
techniques for scanning probe microscopy.

Fi

T SIPM Mode Prohe Measured ﬂllﬂllti'l]" SPM-based 2D dOpant prOfI|Ing methods include
Tﬁ;:"“l:; ——— o ——— tunneling atomic force microscopy (TUNA),
or L- g elal-coate I ar OT goping atoms . . .
AFH Contact-AFh Metallic: CNT I spectra scanning capam.tance microscopy (SCM),
Metal-coated Sior| Depletion Capacitance scanning  spreading .reSIStance mlcroscopy
SCM Contact-AFM Metallic: CNT C spectra (S.SRM), and scanning surface p.otentlal
- - . Diarmond coated | Elecirical Resistance microscopy (SSPM) (also known as Kelvin force
antact- Si CNT I spectra microscopy [KFM]).
SSPM or |Intermittent Contact- |Metal-coated Sior| Electrostatic potential
KFM AF M Metallic; CHNT Work function
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Carbon Nanotube Preparation

Types of resistance in CNT-cantilever

ONOOhWhE

systems

CNT-to-sample contact resistance

CNT resistance

CNT-to-SPM tip contact resistance

SPM cantilever sheet resistance
Internal AFM wiring resistance

Return connection to sample resistance
Puck-to-silver epoxy-to-film resistance
Film sheet resistance

CNT-metal contact resistance is caused by 3

1.
2.

3.

major factors:

Current constriction due to geometry
Local oxidation or impurities between
CNT and contact (field enhanced oxide
growth)

Alignment of CNT and contact Fermi
levels

Each of these factors is difficult to control!
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Carbon nanotube CVD fabrication steps

/a\

Start with 5i AFM Tip

A

Coat with Ag using thermal
evaporation

/\

Coat with Catalyst Mix using thermal
evaporation

A

Grow CNT using CVD

/\

Coat with metal layer using thermal
evaporation

Catalyst mix

——— Ag coating

Metal coating

A

Start with 5i AFM Tip

JEN—

Coat with Catalyst Mix using thermal
evaporation

Grow CNT using CVD

/\

Coat with metal layer using thermal
evaporation

Coat Si tip with a Ag layer to make Si more conductive
Tip is coated with a catalyst mix

CNT grows directly on the tip

This work was supported in part by NSF Grant No. [IP-0945206 to
Xidex Corporation and The University of Tennessee, Knoxville.
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Electron Beam-Induced Deposition Basics INTERNATIONAL SEMATECH

e 1

Volatile
Byproducts&

Precursor Gas
o Deposited
o - © Atoms

0000000000000 00

00000000V O0O0GO0GO6EO6GOO

A B C
A. Gaseous organometallic precursor flows through a gas injection system (GIS) and

subsequently adsorbs on the substrate.

B. Electrons break precursor bonds near the beam (~10 nm deposit resolution),
resulting in decomposition.

C. Target and impurity atoms incorporate into the film, while volatile byproducts
desorb and are removed by the pumping system.

* If the precursor gas is an etchant, the decomposition products form reactive
radicals that volatilize the surface, resulting in material etching.

August 3, 2010 SPIE OPTICS and PHOTONICS Conference, Aug. 1-5, 2010, San Diego, CA



Tip Editing: EBID Examples on FES38 e e
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XeF, was used to etch SiO, on CNT.

Au was deposited within etched areas to demonstrate growth rate
and control over placement

Left T 5s beam-spot mode, Au deposition yielding 72 nm diameter
Right i 50k pass line scan, yielding 117 nm diameter

This work was supported in part by NSF Grant No. [IP-0945206 to Xidex Corporation and The University of Tennessee, Knoxuville.
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