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BB FEME: SEM
EFESHMETFEME: 11SEM

BB TFEME: FIM

HMRIERME: STM
BT EWE: AFM

RETEBL T

BHOEHEFIE: UPS
TR R EELS

R RT &I £ S EXET R R L T B . ARXPS
FHREEE: STM

BT EMBE: AFM
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The Electron Gun

Filaments

Tungsten

Field Emission ‘Field Emiss_innljﬁ

Courtesy of James 5. Young

Lanthanum Hexaboride Filament

«  Single crystal of
La£ "'l'

« Tipis =100um

I
+  Chemically reactive
when it gets hot

. c?aml is held b
glassy carbon
graphite suppors

+ Carbon not react|ve
with LaB,
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Comparison of Lanthanum Hexaboride and Field Emission Filaments

Tungsten Hairpin Filaments

Tungsten Hairpin:

— stable beam current

— short life

- large tip

— large area (probe
diameter)

LaBg

— stable beam current
— longer life
— smaller tip

— smaller area (probe
diameter)

— single crystal of tungsten

. . — operate at room temperature
high work function P P

i — very bright
low brightness — long lasting
lower vacuum — require very high vacuum (< 10-1
low resolution Torr)
2700 K — contaminates easily
— require frequent flashing (sudden
heating)
. — poor current stability
lower work function + Thermal Field Emitter

higher brightness
higher vacuum
higher resolution
1800 K

— like a cold field emitter, but
heated to 1800 K

— does not contaminate easily, no
flashing

— larger energy spread than CFE

+ Cold Field Emitter (CFE) + The Schottky Field Emitter

— single crystal of tungsten
coated with zirconium
oxide (ZrQ)

— heated to 1800 K

— ZrO lowers the work
function

— larger emitting area than
CFE

— larger virtual source size
— small energy spread

— high current density

— good current stability

— does not easily
contaminate; no flashing

— long life

Field Emission Filaments

Field Emission Filaments

+ A very fine wire of single-
crystal tungsten
fashioned to a sharp
point

+ Tipis 100nm or less

+ Local electric field forms
at tip, which decreases
the energy (work
function) needed by an
electron to escape the
cathode.

+  Three types of FE
cathodes

Filament—
First anode——"" - ‘

Second anode~——"' i ‘ ——

Electron
beam
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The Electromagnetic Lens
The Electromagnetic Lens

Soft iron casing

* The electrons move
Top through the lens ina

polepiece helical path, a spiral,

not a straight line.

—— Polepiece gap

(brass) » One effect is that the
; image in an SEM will
Copper wire =
R appear to rotate if you

vary the accelerating
voltage or the working
distance.

The Electromagnetic Lens

« The focal length of the lens can be adjusted changing
the amount of DC current running through the coils.

| "= ——— Point of crossover S

Multiple electron trajectories

v

e

Point on specimen
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BB T EWME (SEM)
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Experimental resolu
edge resolyg

* In this case the
resolution is
assessed by the
minimum distance
observable between
two edges.

Taken from
www.hitachi-hitec.com
TOP: 1.8nm @1kV
BOTTOM:0.5nm @30kV

A0. 2+h
1. 2 Figh sk llornimeges
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Methods of improving resolution

In lens SE detector

* Inlens or SE1 detector, SEs travel back
to the lense and are collected by a small

detector.

» Electrode forms a type of filter to push
the electrons to the detector.

« Shorter path length allows for more
localized collection of SEs

TOP: taken from www.smt.zeiss.com

BOTTOM: Taken from www.jeoleuro.com

POF SCHfEiH "pdfFactory" ik A6 www. fineprint.cn
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Objective lens
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Comparison of the LM, TEM, and SEM

LM TEM SEM

IHumination b r
1.7 source

Condenser Condenser

‘,..-f' lens F ' "~ lens1
5'“’“""“" Condenser
‘ , T lens 2
u Objective lens
Cbjective ol
lens ’
™ Signal

detector

T

Projection u\

IE"“‘ ) Specimen
= — Image :

Fluorescent

5
Eve Creen

Courtesy of James 5. Young
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Comparison of Resolution and Depth of Focus

Optical Micrograph

Optical Micrograph SEM Micrograph
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Effects of Varying the Initial Electron-Beam Energy

& . 10 kel b — - . 20 el

i s
[

L
L]
fim
|
1 =m
Flgure & 7. Moare Caslo calodanons of x-ray generstion solome for Cuat {ab 10, [h) 20, sed (2) 35 ke
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Elastic scattering (q,f)
M ott cross-section

Inelastic scattering
(g,f ,DE)
Dielectric theory
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X-ray photon
emitted

Silicon

_ Nucleus with O
= Atomic Number

(Z = # protons) Photon mternally

converted and Auger

- . electron emitted
+ K-shell. max. e =2 ?

. | L-shell. max. e =8

e

M-shell, max. e =18

Scattered %ﬂher
secondary electron ﬁ

Incident |::>

electron _ "~ Photon generated
Scattered = 16

primary electron Vacancy, electron relaxation Macksy
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- Cu 3keV Ag 3keV Au 3keV emitted |

Z-axis

X-axis
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0.1 keV

0.5 keV

7-axis

An

1 keV
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Cylindrical Mirror (CMA)

v
ass i .
P % outer cylinder
energy / /

- / : '
/ inner cylinder

«—|electrongun =/ | detector

/
/ entrance

/
/ angle

I
- acce ptance

angle

Operation Principles
Electrons enter the analyzer at the entrance angle,a, through an entrance slit. They
are deflected by the (negative) potential on the outer cylinder. Only those electrons
at the pass energy, Ep, reach the exit slits. This is called focusing. Electrons with
energies of Ep = DE will also be focused by the analyzer if they arrive at at the
entrance slit at angles a = Da (acceptance angle). The energy spread in the
transmitted signal is dependent on slit width and acceptance angle.
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Advanced CMA

sweep energy

17 pass
energy

Advantages

The retarding grid slows
down the incoming electrons ‘

to one given value of Ep N
regardless of their initial KE.
The absolute resolution DE is

therefore independent of

initial KE.
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Concentric Hemispherical Analyzer (CHA)
also called Hemispherical Sector Analyzer(HSA)

Hemispherical Sector (HSA)

sample aperture

inner \ \

hemi-

POF SCHfEi ] "pdfFactory" ik A6 www. fineprint.cn

pass
energy
?1'

sphere f.)

detectnr|:| H ]

outer
hemisphere

Operation Principles
Electrons with an energy
greater than the sweep
energy enter the lenses at
the entrance angle, a. They
are focussed through the
lenses onto the entrance slit
of the analyzer. Only those
electrons at the pass energy,
Ep, reach the exit slits of the
analyzer. Electrons with
energies of Ep = DE will also
be focussed by the analyzer
If they arrive at at the
entrance slit at angles a +
Da (acceptance angle). The
energy spread in the
transmitted signal is
dependent on slit width and
acceptance angle.
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Comparison of CMA with CHA
CMA is most effective in AES due to high transmission(signal
electron /total electron generated).
CHA is always preferred for XPS because it can maintain
adequate luminosity at high energy
resolution with the addition of a lens

PDOF LR "pdfFactory™ X HiRAG % www.Fineprint.cn
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resolution
transmission
luminosity
energetic position

angular dependence
measurements

machining

PDF Ui “pdfFactory” iR H A niw. Fineprint.cn

CHA

0.8-1.0V
high

high w/lens
iIndependent

Suitable

high precision
required

CMA

>1.4V
higher
Irrelevant
dependent

unsuitable

less precision
required
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o XTSRS 4l 45 M) (XAFS)
— XTIl 458 (XANES) <50 eV
— XSRS AN 4K (EXAFS) >50 eV
o FEHVE (TMD
o EHLFEIRT (TEY)
o XRIGIRLI
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XPS Analysis of Pigment from Mummy
Artwork

Egyptian Mummy

2nd Century AD

World Heritage Museum
University of Illinois

“1a5 140 k 130
Binding Energy (eV)

" Pb PbN

\\/ Ca

Na XPS analysis showed
Cl Pb that the pigment used
on the mummy
wrapping was Pb;O,
rather than Fe,O,

500 400 300 200 100 0
Binding Energy (eV)
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Scanning Electron Microscopy (SEM)

| e sk
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Figure 2: Left: NIST traceable polystyrene microspheres from Duke Scientific
scanned with the NANO-RP™_ Mean @ of microspheres is 102nm. Scan size is
1pm x fpm. Right: 30 view of 1x1um scan of calibrated spheres.
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Modern high resolution FE SEM

Zeiss Ultra 60 FEI Nova 600 JEOL JSM-7700F Hitachi S5500

Instrument Source |Resolution
Zeiss Ultra 60 TFE 1.0nm @ 15 kV 1.7nm @ 1 kV
40nm @ 0.1 kV
FEI Nova 600 TFE 1.0nm @ 15 kV 1.8nm @ 1 kV
JEOL JSM-7700F CFE 0.6 nm @ 5 kV 1.0nm @ 1kV
Hitachi S5500 CFE 0.4 nm @ 30 kV 1.6 nm @ 1kV
From

www.smt.zeiss.com www.fei.com www.jeol.co.ijp www.hitachi-hitec.com
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HE o0

« STM
- AFM
« AES
* REELS
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