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EE 213. Information. W2016

Grading:

Approx. 2-3 homework sets
1 final paper about 10 pages long
1 final presentation (15 minutes)



Microscopic Nanocharacterization of Materials. 1
TENTATIVE
Introduction/Microcharacterization
Electron Beam Excitation Methods
SEM, STEM, TEM, EFEM, UFEM, etc.
lon Beam Excitation Methods
PIXE, RBS, SIMS, HelM
Xray Excitation Methods

Microscopy, Microprobe, PEM



Microscopic Nanocharacterization of Materials. 2
Photon Beam Excitation Methods
Wide Field, Confocal, Two photon microscopy
Superresolution Microscopy
Lensless Microscopy

Point Projection
Xrays, Atom Probe

Scanned Tip
STM, AFM, NSOM, SCM, etc.

Tomographic Methods

Comparison of Various Techniques



electromagnetic light, Xray, ion,

radiation
acoustical
radiation
mechanical,
atomic forces
chemical

STM ,electrons
acoustical,
stethoscope
Stylus, AFM

lon conductance,
Nano chemical
sensor



MICROGRAPITIA:
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Microscopy Through the Centuries

d = constant x A/nsin®

N N Sy

To get better resolution:

1) Reduce A
electrons, Xrays, etc.

2) Increase nsin®
better lenses, oil

3) Decrease constant
confocal

4) Take away lenses
near field/scanned tip

5) Find the center/computation
“super resolution”



PROJECTION MILROSLOPY




LENSELESS IMAGING
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Principles of the Camera Obscura

Diagram Dhustratng Priociples of the Camers Obscura, MS lhuscration
froen & Réwant of Optics by Kaeal ol Din 2l Fasisi,
Inasbal, Fourseenth Cerstury

Theee comueses after B id-Haythan's posorering swestsgaton of apoc, de
Persian abFarmi exreeniod Rcs d-d Loptham's finmidacion of (he i ples under.
fyng dw phesomwaa of de cawra obnowrs, Nimilur protonype of all phosor
rapier devors. Al Farid o £ that a 3p et sl s smages
thaey Foces grt sharpen; be albo showed dhar inesde the devace the cbjocts’ amage
s op 10 bomom and ket 0o tghe. It wam in pecding ther fasbemental ne
soud wnkangs of wmean snd of bight thae blsem's scaentien made what are

redably ther rost cnvpral sad wrporta fndag

“re; o Camera Obscura
Ibn Al-Haytham, “Kitab al-Manazir™ (Book Kamal al-Din al-Farisi

of Optics, abt. 1010). Translated into Latin 14th Century
(1572) as “Opticae Thesaurus”

Expanded drawing from Al-Haytham
From: www.islamic-study.org/optics.htm



Seal Rock
Restaura
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Point Projection Microscopy: The Field lon Microscope

+ 20K\

<
Leuchischirm
crm
=

-

-

1
'
Pumpé

o Ny W
{

,f/hge/e/r/rode

o [

Spitze

Paliadiin-
rohrohen

= v \:r

Fig. 1.
Schema des FPeldionenmikroskopes,

Zeitschrift fiir Physik, Bd. 131, S. 136—142 (1051).

Das Feldionenmikroskop.
Von
ErwiN W. MULLER.
Mit 3 Figuren im Text,
(Eingegangen am 27. August 1951.)

Durch Umpolen des Feldelektronenmikroskopes kann man adsorbierte Atome als
positive Tonen von der Objektspitze abreifien. Diese Felddesorption wird bis zu
3+10% V/em verfolgt. Bei schnellem Nachschub der adsorbierten Atome ermoglicht
die Feldionenemission eine mikroskopische Abbildung der Spitzenoberfliche, deren
Auflssungsvermdgen die Gitterkonstante erreicht.



Field lon Micrograph: Platinum Tip

E. W. Mueller, Science. 149,591 (1965)

Fig. 13. Platinum crystal with a number of dislocations. The dislocation core near
the (102) plane is decorated with an impurity atom, appearing as a bright spot. A
vacancy is seen near the (113) plane.



Scanned Tip Microscopy

Signal (X,y,z)

><' Scan

—e—— s1Z€

height I

Sample

*Resolution is a function of size, height and mechanism used

*no lenses are used

*Far field optics is not involved



Near Field Scanning Optical Microscopy (Reflection)

aluminum on silicon

400nm

Shear force NSOM

Cline and Isaacson, Ultramicroscopy
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The Idea of Near Field Optical Imaging
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FIGURE 4. Extract of letter dated 9 May 1928 from E. H. Synge to
Einstein. Note the sketch of the quartz cone used as a light guide and
aperture. (Courtesy of Professor J. L. Synge).

From D. McMullan, Proc. RMS. 25(2).1990.p.130



NSOM Instrument Constructed at Cornell

ALUMINUM LETTERS fabricated on a silicon nitride substrate
M.Isaacson, 8/3/10 imaged with a near field optical microscope. The full horizon-
tal scale is 550 nm, the wavelength of the light being used.

M. Isaacson and E. Betzig, Cornell University



Effect of Distance on Spatial Resolution

60 nm away

M.lsaacson, et.al. 1990



There is nothing more deceiving than an image
unless you know the rules of translation

¢e/\9
2 %
v

Penrose triangle Kanizsa Triangle
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Surface of Moon Rock from Apollo 11 Mission

EE 213, Nanocharacterization/M.Isaacson
M. Isaacson, D. Johnson and A.V. Crewe, 1969 /



What does the secondary electron image in the SEM mean?”

EYE
Vbeam V
~——_ [DETECTOR LIGHT:
equivalent to
SAMPLE shadows on
opposite side
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Nanostructure characterization

wide variety of techniques:

TABLE 6.2.

Acronyms and Associated Terms of the Different Methods Used for Analysis

AAS
ABSS
AEAPS
AES
AFM
APPH
APS
ATR-IR
BLE
CMA
CSOM
DAPS
EELS
LEEM
ELL
EMM
EMP(-X)

ESCA
EXAFS
FAB-MS
FEM
FIM
FWHM
GDMS
GDOES
HEIS
IBSCA
IETS
ILEED
ILS
IMEP
IMMA
IMP

IR

1SS
LAMMA
LEED
LEIS
LERM
LMP
LOES
MEP
MS
NAA
NRA
NSOM
OES
PAM
PIXE
PTFE
RBS
RHEED
SALI
SAM
SCANIIR
SDA
SEAM

Atomic absorption spectrometry

Atomic beam surface scatlering

Auger clectron appearance potentinl spectroscopy

Auger clectron spectroscopy

Atomic foree microscopy

Avger peak-to-peak height

Appearance potential spectroscopy

Attenuated total reflection-infrared spectrometry
Bombardment-induced light emission (=SCANIIR) (=IBSCA)
Cylindrical mirror analyzer

TABLE 6.2, (Continued)

Confocal scanning optical microscope SEM
Disuppearance potentinl spectroscopy y ~3
Electron energy-loss spectrometry (=ELS) SEXAFS
Electron emission microscope SIMS
Ellipsometry SLEEP
Electron mirror microscope SNMS
Electron probe microanalysis, used in two maodes, viz., wavelength-dispersive X-ray

analysis (WDX), or energy-dispersive X-ray analysis (EDX) SOM
Electron spectroscopy for chemical analysis (=XPS) SSMS
Extended X-ray absorption fine structure STEM

Fast atom bombardment-mass spectromelry

Field electron microscopy ST™

Field ion microscopy SXAPS
Full width at half-maximum of a spectral line SXDA
Glow discharge mass spectromeltry TEELS
Glow discharge optical emission spectrometry {=GDOS) (=GDS) (=GDL-OES) s
igh-energy ion scattering (=RBS) TEM

Ton bombardment surface chemical analysis TEM-ED
Inclastic tunncling spectroscopy .
Inclastic low-energy clectron diffraction TRXRFA
lonization-loss spectroscopy - urs
Inelastic mean [ree path uv

lon microprobe mass analysis XES

Ton microprobe

Infrared absorption spectrometry XAES

fon scattering spectrometry (=LEIS) Xrp
Laser microprobe mass analysis (~LMP) XPS
Low-energy electron diffraction XRFA

Low-energy ion scaltering (=15S)

Scanning electron microscopy
Surface-extended X-ray absorption fine structure
Secondury-ion mass spectrometry

Scanning low-energy electron probe

Sputtered neutrals mass spectrometry
Scanning optical microscope

Spark source mass spectrometry

Scanning transmission clectron microscopy
Scanning tunneling microscopy

Sofl-X-ray appearance potential spectroscopy
Sof1-X-ray emission depth analysis
Transmission clectron energy-loss spectrometry
Transmission ¢lectron microscope

Transmission electron microscope electron diffenction

Total reflection X-ray fluorescence analysis
Ultraviolet photaclectron spectrometry
Ultraviolet absorption spectrometry

X-ray emission spectrometry
X-ray-induced Auger electron spectrometry
X-ray photoelectron diffraction

X-ray photoelectron spectrometry

X-ruy fluorescence spectrometric analysis

Low-energy reflection microscope

Laser microprobe analysis

Laser optical emission spectrometry

Mean free path

Mass spectroscopy

Neutron activation analysis

Nuclear reaction analysis

Near-lield scanning optical microscope

Optical emission spectromelry

Photo-acoustic microscopy ( # AM)
Proton-induced X-ray emission
Paolytetrafluorcethylene

Rutherford backscattering spectrometry (=HEIS)
Reflected high-energy clectron difitaction

Surface anulysis by Jaser ionization

Scanning Auger microprobe

Surface chemical analysis by neutral- and ion-induced radiation (=BLE) (=1BSCA)
Spherical deflection analyzer

Scanning electron acoustic microscope

(after Brodie)
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electromagnetic light, Xray, ion,

radiation
acoustical
radiation
mechanical,
atomic forces
chemical

STM ,electrons
acoustical,
stethoscope
Stylus, AFM

lon conductance,
Nano chemical
sensor
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SCATTERING MECHANISMS FOR CHARACTERIZATION
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EELS from nucleic acid bases
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Nanodevices Require Atomic Characterization

electron beam

uranium atoms /heavy atoms

& ®O

] «— carbon

- scattered clectrons

i «—  deteclor

Scanning Transmission
Electron Microscope
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Gold Atoms on 2nm thick amorphous carbon substrate

STEM Annular Dark Field Signal, 30KeV

EE 213, Nanocharacterization/M.lsaacson
M.Isaacson, M.Ohtsuki, M. Utlaut, D.Kopf and A.V.Crewe, 1979



Imaging single Si atom impurities in graphene

Si atoms in graphene can occupy two different sites (UltraSTEM100 images).

4-fold: Si substitutes for 2 C atoms  3-fold: Si substitutes for a single C atom
Courtesy Wu Zhou Courtesy Matt Chisholm

Can we study the bonding environment of a single atom?

From Ondrej Krivanek @

EE 213, Nanocharacterization/M.lsaacson
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Auger electrons,

secondary light
electrons LFaVS
hy d
backscattered e
- electrons ‘ gscor;‘)e
D dbeam ept
7R hY] 4
7‘ .:.-.; 'f sample
/ :-‘:’,:',' S s s

maximum diameter
of excitation
volume

almost all incident
energy is deposited
within this volume



100 nm Aluminum Film Self-Supported on Silicon Fingers
secondary electron image

> SE only

. SE + SE(BSE)

M. Isaacson and K. Lin
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S =NJoYF

S = signal in counts/sec
N = # atoms in volume probed
J = current density in probe (#/area/sec)
O = cross section for interaction (area)
Y = yield of process to be detected
F = efficiency of collection



]m;de\o‘} beam




» O Wy

02)

(in units of A

K shell Xray cross-section

| | I 1
/ S keV / /20 keV

Xrays
-~ 60keV
”

Atomic number, Z




