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Diffraction imited Resolution
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Typically the best objective has N.A 1.6 = resolution 170 nm

For A~400 nm (green light)
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Electron Microscopy - Decreasing

The Wavelength
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The Evolution of Resolution
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Effect of Probe Size : Impact on Resolution

Discrete movement of electron beam

With large probe With small probe



Optical vs. Electron Microscopy

Optical Microscof)y




Depth of focus
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Depth of focus

Beam | Table 4.3. Depth of Focus (Field) in um
—san D~0.2/0M o
—————————————————————————— (---- Magnification 5% 107 1x10 % 3x10°

Pl f l
I Optimum Focus | 10X 4,000 2,000 670
B Y A 50X 800 400 133
l i 100X 400 200 67
__________________________ _5__._-- S00X 80 40 13
} 1,000X 40 20 6.7
i 10,000X 4 2 0.67
Region of Image 100,000X 0.4 0.2 0.067
in Effective Focus




AR 7| A= o5t £3]52] 3HA

Ideal Res. Limit : Rayleigh limit
Practical Res. is determined by various Lens aberrations

d:\/d§+df+df+d: Negligible d,, d, d:\/d§+d52

: d e e
R a' ............... Astigmatism: sUgmatori HA
DIffraction =XF | e

C D TR AT Ce - At A
AE :0.2-0.3eV for cold FE

Spherical aberration and aperture diffraction vary in opposite directions
with o.. This leads to the need to find an optimum aperture angle ot



SEM - scanning electron microscopy

tiny electron beam scanned across surface of specimen
backscattered or secondary electrons detected

Magnification range 15x to 200,000x
Resolution of 50 A

Excellent depth of focus

Relatively easy sample prep




Breakdown of an electron microscope

Filament

"TV Screen
Detector

.
<D

Electromagnets

In simplest terms, an SEM is really nothing more than a
television. We use a filament to get electrons, magnets to
move them around, and a detector acts like a camera to
produce an image.
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SEM Operation
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Scanning Technology
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Pixel by pixel image

Digital Z-contrast image 10



A look Inside the column

Electron gun
Gun Alignment Control
Pneumatic Air Lock Valve

Objective Aperture
Scanning Coil
Objective Lens

% Motorized Stage

Sample Chamber
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SEM: Optics #1

SOURCE
e Electron gun produces beam | |
of monochromatic electrons.

APERTURE
_— e CONDENSER LENS

e First condenser lens forms
beam and limits current
("coarse knob").

— Condenser aperture eliminates APERTURE
: CONDENSER LENS
high-angle electrons.

e Second condenser lens forms Hﬂn mm STIGMATOR AND
. DEFLECTION COILS
thinner, coherent beam
("fine knob" ).

B — -«— FINAL LENS
— Objective aperture further elimi- PETECTOR ~J7zzzz2 <~ FINAL APERTURE

nates high-angle electrons from SIGN A!_‘l,/ <— SAMPLE

beam. = e STAGE
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SEM: Optics #2

 Beam "scanned" by deflectior
colls to form image.

 Final objective lens focuses
beam onto specimen.

« Beam interacts with sample
and outgoing electrons are
detected.

 Detector counts electrons at
given location and displays
Intensity.
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Electron Gun (F}4])

Electron source

\ 2-25 kv e
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Electron Emission-electron gun

Cathode of the gun is the source of electrons
for the beam in the electron microscope

Thermionic emission — heat
Field emission — strong electrical field
Photoelectric emission — electromagnetic radiation
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Thermionic Emission

Tungsten Hairpin
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Beam Current, ib
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Energy Needed
For Electron

To Escape
FrorQ‘The Surface

10.3

Thermionic
Emission

0

Figure 2-3 Thermionic emission curve of tungsten. Diagram of the energy of the
orbital electrons of tungsten showing that the work potential is the difference
between the energy necessary for the electrons to escape from the surface of the
metal and the energy of the highest-orbital electrons.




TABLE 2-1 CONFIGURATION OF THE ORBITAL ELECTRONS IN LANTHANUM
AND TUNGSTEN ATOMS

Tungsten 74 2 6

The electrons that are circled are far from the atomic nucleus and are the main contributors to
thermionic emission,




1. Tungsten Hairpin Electron Gun

Inexpensive, low mag.
high current (x-ray microanalysis), low vacuum(10-torr), t=30-100h

=

004 ol L
00-1204 3 000 038~ 05-1¢04 3 000 033

V-shaped hairpin tip of d =2100um

HEEY 55 AR = Al &6, §4H0] T2 WA 2



Electron
source assembly

Hitachi

Removed Wehnelt cap




Tungsten
Filament

(Cathode)
Wehnelt

Cylinder

)

Wehnelt
Cylinder
{(-30,0C0 V)

Figure 2-4 Biased electron guns,

I O ;o.ing the position of the cathode,
Anode At Ground (0 V)  Wehnelt cylinder, and anode.




gap

Fermi
Level

No electrons can be above the valence

Thermal emission

Conduction Conduction Conduction
Band Band Band
Some electrons have
At absolute . High
zero, OK anergy above the Fermi Temperature
f(E) f(E) : f(E)
Valence Band 5 Valence Band E,‘ Valence Band E.

band at OK, since none have energy
above the Fermi level and there are
no available energy states in the band

gap.

f(E) =

At high temperatures, some electrons

can reach the conduction band and
contribute to electric current.

1

—E
f)+1

E
exp(

KT

(E_EJ

~ exp

KT
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Operation of the Self-biased Gun

Cathode g;el_hr:ielt
: ylinaer
(-29,800 V) (-30,000 V)

Anode At . . L
Ground Figure 2-10 Equipotential lines of

Potential electrostatic force in a biased gun.

Wehnelt Figure 2-11 Path of the be

Eg}cahggg V) Cylinder electrons in a self-biased gt

(-30,000 V)

—j Anode At
~ Ground
Potential
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Electrons In Electron Beam
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Wehnelt Figure 2-11 Path of the be
Eg;)hggg V) Cylinder electrons in a self-biased gt

(-30,000 V)

- — Anode At
~" Ground

Potential

Electrons In Electron Beam

Cathode(Filament): S & Xt 2&=(W, LaBy)

Wehnelt: €& X =, 1~-3 mm & Z 2| aperture (hole)

Anode: &Rt It

Jt=d 2 (Accelerating Voltage): cathode2 Anode AHOI2l potential X}O|

g R S — |
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‘ Filament current(i;) ‘

Filament Heating Supply

Filament

¢y 7
Wehnelt ; 2
Cylinder Py
(Grid Cap) \? 2
7]
2 7
g :
o
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Anode Plate

Beam Current iy,

Self Biased Electron Gun

Metal Vacuum
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Resistor _ \
Vbias = ie Rbic ] P
E,, Electron
High
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—__2 Supply 7/ ///
Emission Er
Current ig /
7R

@)

Interface

Richardson’ s law

17 work function
J=A_T?exp(-E,, /KkT)
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¢ Brightness : concept of current density

rren 4
L= current =—Db _ Alcm?’sr

areax solid angle 7°d*a’

Brightness T = current T in same beam size
— beam diameter 4 in same current

Maximum theoretical Brightness (Langmuir eg’n)

J.eV
B =2 Alcm?sr for thermionic gun ~ 9.2 x10A/cm?2sr
KT
J.eV
Bk = ——= Alcm?sr for field emission gun

— AE 0.3eV for cold emission
L. ~ 2 x10%A/cmasr
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2. LaBg Electron Gun

High brightness(5-10times) : lower work function(2.5eV : 4.5eV for W),
expensive but longer lifetime(1000hr), high vacuum(10-"torr)

B =10°Alcm *sr

Qil-Cooled
Heat Sink

Double
Heat-Shield

Eva atiol
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‘E\E N Shield
N
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l VITREOUS
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Temperature (K]
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