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Electron Specimen Interactions
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E‘GCEI’OH gpec:lmen |nferacflons

When a primary electron (PE) strikes a solid elastic and inelastic scattering can occur.

(a) Elastic Scattering Flastic seattering
Electron scattered by interaction with atomic nucleus BSE
Direction of beam electron changed, but velocity 5

essentialy the same
F.=0to 180°

Minimal energy loss occurs giving

Causes emission of backscattered electrons the BSE an energy close to the PE

(BSEs) or low loss electrons (LLES)
(b) Inelastic Scattering

Energy transferred to tightly bound inner shell eectrons Inelastic Scattering
or loosely bound outer-shell electrons PE E
Kinetic energy of beam electron decreases '\
F £0.1°

This process generates more electrons referred to
as secondary electrons (SES)

Energy loss occurs at each
scattering Site giving the emitted
SE an energy lower than the PE

c~‘ Camell ManaScaks
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|n!eracflon Uo|ume

m For bulk samples, most secondary €electrons
generated by the primary electron beam do
not make it out of the sample.

= Theenergy and distance of the eectron from
the surface are important

= The probability of emission goes up for:
+ Higher energy electrons
+ Electrons closer to the surface

LOW ATOMIC NO. HIGH ATOMIC NO.

m Theédectron signal is caused by the entire Lo \ -%F
Interaction volume, not by the diameter of
the probe

= Volume is dependent on accelerating voltage \'"é’s"i‘;ij/ LTy
and atomic number T 4

S

Top taken from L. Reimer, Scanning Electron

Microscopy, 2 edition, Springer Verlag.

c~ F Bottom taken from Duncumb and Shields
Camell NanaScale page 5
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mitted Electron Energy Spectra

S BSE -
SEI
I i
I 1 LLE
I
w [
Z ; Plasmon
losses \

I

|

I

b ' .
0 50 eV 2keV E=eU
Electron energy —

Fig. 1.5. Schematic energy spectrum of electrons emitted consisting of secondary
electrons (SE) with Esg < 50 eV, low-loss electrons (LLE) with energy losses of a

few hundreds of eV, backscattered electrons (BSE) with Egsg > 50 eV and peaks
of Auger electrons (AE)

Most of the signal comes from low energy SEs generated by the primary beam

From L. Reimer, Scanning Electron Microscopy, 2 edition, Springer Verlag

c~‘ Camell ManaScaks
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Scanning Electron Microscope
Equipment Overview

CNF.....
Science b ynl?-ar;:ry page 7



gcannlng E‘GCEI’OI’] w‘lcroscope l!Ew”

Microscope column

T T = Thegoal of the SEM isto scan afocused beam
Cathode [T =T )
ettt [\/ J— of primary electrons onto a sample, and to

collect secondary electrons emitted from the
sample to form an image

Anode = | eee———————

Condenser —his = Modern SEMsinvolve 5 main components
¢ Anéelectron source (a.k.a electron gun)
o Focusing and deflection optics (referred to as the

In lens Sa column)

detectc:r_\ ) e A specimen stage
oone. TN | A e A detection system
oI ; | P + Animage acquisition and control system

Yrrrbiatl BSE - Ll

=5 L o = [1-4 are contained within a vacuum system
x s pa
SE mplifier .
s —j = 5consstsof acomputer and a set of custom
{>1 electronics
Data Figure based on L. Reimer, Scanning Electron Microscopy, 2nd
Computer ]: storage edition, Springer Verlag

Multichannel analyser

c~ E.qsnm.mm.e page 8
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gasu: E‘ectron BptICS

m Three electron beam parameters determine
sharpness, contrast, and depth of field of SEM
Images.

¢ Probe diameter —d,
¢ Probe current — 1,

+ Probe convergence angle- a

= Y ou must balance these three depending on
your goals:

+ Highresolution

o Best depth of field

o Best image quality

+ Best analytical performance

From Scanning Electron Microscopy and X-Ray
Microanalysis, Joseph |. Goldstein et al. Plenum Press

CNE;IEI'I ManaScake page 9
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W”at BI’OHUCES d !OCUSGH ‘mage !

= djisthediameter of the beam measured at the point where it converges on itself.
Note: if no sample was present it would diverge again

= Thepoint at which the beam convergesisreferred to as the crossover

s Thedistance between the crossover and the end of the column is called the
working distance (WD)

= A specimen is brought into focus by moving the specimen and the crossover to
the same working distance

m Thelensesand aperturesin beam

the column are what forms
the crossover.

crossover

s Understanding their function ;

isimportant for understanding S "‘i' ST
micrographs produced by the SEM Sample

CN E.-.Enm.m..e page 10
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E‘GCEFOH gources

= Modern high resolution e ectron microscopes use two types of field emission
(FE) electron sources

o Cold cathode FE sources (referred to as CFE)
o Thermally assisted FE or Schottky sources (referred to as TFE)

s CFE and TFE sources supply high brightness beams of electrons that can be
focused into probe diameters around 1 nm

¢ FE gunsform avirtual source of electrons. This virtual source has a small diameter
requiring less complicated focusing optics.

o CFE sources have asmaller virtua source than TFE sources but are much less stable

e = Ly O e
7 1 ;w!_ ‘x/’ Thermionic emission
|I ey
13 2 Schottky emission
TIP RADIUS ¥
re ~05um - & | n
i
b) ZrO/W zw |[_\'|
B \ Field emission
IRTUAL _'.‘\
SUPPRESSOR EXTRACTOR Metal W Vacuum
Fig. 2.1. Potential barrier (work function ¢ ) at the metal-vacuum boundary and
decrease of potential enerpy Viz) with increasing external field E for thermionic
e ——— ?5ﬂ ,|.4I'ﬂ p——l Schottky and Aeld emission

L eft taken from Rooks and McCord, SPIE Handbook of Microlithography
CNF Right from L. Reimer, Scanning Electron Microscopy, 2" edition, Springer Verlag)
Camell ManaScaks

Science ond Technalogy Facility page 11



gasu:s Ol E|ectron Eenses

= Goal isto produce asmall d,

= Lenses produce a demagnified image of the virtual source at the
specimen plane

= Without demagnification, the diameter of the virtual source, d,,
IS too large to generate a sharp image

¢ d,=51t020 nm for FE sources
= Typical demagnification ison the order of 10— 100

= Two basic types of electron lenses used in the SEM

¢ Electrostatic: smple but have bad aberrations. Basically consist of biased
electrodes

¢ Electromagnetic: lower aberrations but more complex. Consist of coils
wound in a high permeability material.

CN E.-.Enm.m..e page 12
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errations o

e coiumn

Wawefrants
— with !
=== without

spharical aberration
dg

Yy

| T__"“‘-—-
Flane of
least contusion -
Gaussian
image plang

Spherical aberration

—
Chrematic aberration
e L
e, I |
i e, Af
| i il g ——
! i
T | :‘Tw Fs |
| dA :
a Fm
4 )

. r
4y
I |
A Diffraction error
Airy dise
Fig. 2.9. Lens aberrations of an electron lens: (a) spherical and (b) chromatic
aberration, {c) axial astigmatism and (d) diffraction error ois

c~‘ Camell ManaScaks
LT

ience ond Technalogy Facility

d,, spherical aberrations result from the focusing
properties of the lenses
o Correcting thisisahot topic of research

d., chromatic aberrations are caused by the
energy spread of the source
+ Monochromatic sources exist but produce low I,

d,, astigmatism is caused by imperfectionsin
thelens

o Can be corrected using electrodes called
stigmators contained inside the objective lens

d,, diffraction causes afundamental limit to the
achievable probe size
¢ d,=dyistheideal limit

Aberrations of lenses add in quadrature to
produce the fina value of d,

. dp2: d52+ dc2+ dA2_|_dd2

From L. Reimer, Scanning Electron Microscopy,
2nd edition, Springer Verlag

page 13



Eenses (-,ontalnea WIt”In t”e (-,o‘umn

= Modern FE SEMs have two types of lenses:

+ A condenser lens (sometimes two)
o Usually electromagnetic
* Determinesthe|, that impinges on the sample
* Higher |, —larger spot size— lower resolution — better S/N
» Usually adjusted automatically by software
¢ Anobjectivelens
 Either electromagnetic or combined with el ectrostatic (compound)
» Focuses the beam by controlling the movement of the crossover along the optic-
axis (Z-axis) of the column
» Usually thisis controlled by a knob labeled focus
» The design of the lens incorporates space for the scanning coils, the stigmator,
and the beam-limiting aperture

s All modern FE SEM S employ a semi-immersion lens design
¢ Sample sitsin an electromagnetic or electrostatic field generated by the lens
+ Significantly lowers spherical aberrations allowing better resolution
+ Can causes problems during imaging performance

c~ E.-.Enm.m..e page 14
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jective Aperture

Affectsall beam parameters:

m Large Aperture:

¢ Lage |, - Good signal to noise (SNR),
good analytical conditions

+ Lagea, - Poor depth of focus
+ Larged, - Poor resolution

= Small Aperture:

e Smal I - Poor SNR, bad analytical
conditions

+ Small a, - Good depth of focus

+ Smal d; - High resolution

Upper taken from L. Reimer, Scanning Electron Microscopy, 2nd edition,

Springer Verlag Lower taken from
http://www.jeol .com/sem_/docs/sem_guide/guide.pdf

c~‘ Camell ManaScaks
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. Objective Aperture

In lens 5
detector sl
> ,
Probe- ;’ /; H’f/: L
forming [ Y P 2
lens 2 A L1 %
Crzria\ BSE

Smocth Imaga 2 ID terormed resolfion I

. More damage
s
—

Prabe g
current |8

High resalution obtainakdk: I Crainy Image I

Loss Damacgg

Simall
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etector

Collector
Grid and screen

Specimen Light pipe

Photomultiplier

Photocathode Dynodes Anode
2 5 i, O 0
lg\ ‘-‘&‘\ Signal

e M .
\f \"'

Sy uL./.lUﬁ

R
‘ ’ I Fii—‘lOnF ]1MQ
-DJ -

100kQ

Upyy = 500 — 1000V T

5.1. Scintillator-photomultiplier combination (Everhart-Thornley detector)

for recording secondary electrons

Sometimes referred to as the lower, in chamber, SE2 or ET (Everhart-Thornley) detector

Strongly dependent on sample orientation and topography
Electrons travel several cm before they are collected

High SNR

c~‘ Camell ManaScaks

Science ond Technalogy Facility

Taken from L. Reimer, Scanning Electron Microscopy, 2"9 edition, Springer Verlag




roug € LENS eteclor

m AlsoreferredtoasaTTL, inlensor SE1
detector

m SEstravel back up thelensand are

collected by asmall detector similar to the
ET detector

= Two different approaches

+ Upper: bias electrode forms atype of filter
to push the electrons to the detector

¢ Lower: detector mounted coaxially with the
beam

= Shorter path length allows for more
localized collection of SEs

+ Can give better resolution at short
working distance

TOP: taken from
http://www.] eol euro.com/news/news37E/htm/44/
BOTTOM: taken from www.smt.zei ss.com

CNE...

Science ond ] R'hmfmymr'uy

Di:qm:lwa lens

M/’W 1 M ri

Cylindrical electrod
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ale etector

s Single annular detector or smaller discrete detectors placed at the end of
the objective lens

m  Size permits close proximity to specimen — provides large solid angle for
high geometric efficiency

m Sengtiveto high energy BSEs only, not SES

Backscattered
Electrons

Top [ncident electrons
Contact

Thin Au Layer L
----- f‘n_‘l'l'lll.:l.'lr'ldLll.:iu‘-l'

+ + + + + g Electron-Hole Producton detector

4|:A£|u mposition
— mage

Addition
,I"'l

Tapography
image

Subtraction

P-N Junction

Base Contact
gﬁ Current Monitor In

External Circuit

Specimen

Left from Scanning Electron Microscopy and X-Ray Microanalysis, Joseph |. Goldstein
et a. Plenum Press. Right: http:/AMvww.jeol.com/sem_/docs/sem_guide/guide.paf

CN E nell NanaScale page 18
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EOHEF&SE

s BSEYield:

o Atomic number dependent
» Higher atomic number ® Higher BSE yield ® Brighter image
¢ Contrast in BSE imaging is a combination of:
 Surfacetopography
« Composition - Z contrast

» SEYidd:
¢ Lessdependent on Z
+ More dependent on accelerating voltage
¢ Contrast in SE imaging is dependent on:
o Sample orientation (emission contrast)
» Detector position (collector contrast)
 Surfacetopography — sharp edges emit more SE’s

CN Eﬂen-’m-.\c&'ale page 19
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omparison o

€

osp

0.4

R.b

Q2)

Q0

L

E,* 30kev
#=Q°

I

e

L

'

Backw/‘.

L

Secondary

-]
/o . o o §,WTTRY |

.

—

n , HEINRICH

1

20

40

60

ATOMIC NUMBER
Figure 3.29. Comparison of backscattered electron coefficients and secondary-electron coel-

ac

ficients as a function of atomic number (Wittry, 1966; Heinrich, 1966).

The number of BSEs generated by the primary beam is dependent on the atomic number, Z,
of the sample. This provides a mechanism for producing images with composition

dependent contrast.
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{(a) Pratrusion (b) Edge (c) Circumterence

s Electron emission can be
enhanced by topography

o Easier to get out

= Creates topographic or edge (b) 5 kV X720 Tilt Angle: 50°
contrast

Taken from http://www.jeol.com/sem_/docs/sem_guide/guide.pdf

CN Em NeariSeale page 21
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gcan gystem: ‘mage !ormatlon

Specimen

>
XXXXX 4
XXXXX._

XX

Display Screen

» Asthe beam rasters across the sample the intensity of the electron signal
measured by the detector is recorded and displayed on the screen.

+ Bright means you are getting electrons
¢ Dark means you are getting less or no electrons

= Thenumber of eectrons detected from the specimen determine the
intensity changes

= Note: rastering over asmaller area has the effect of increasing the
magnification.

Science ond Technalogy Facility page 22

From Scanning Electron Microscopy and X-Ray Microanalysis
Joseph |. Goldstein et al. Plenum Press



naersian

Surface topography SE1 ETD

el s Different detectors “ see”

e T A P the sample in different
al (purel Surtace tilt contrast WWS

N | I

. = Intensity is not always
bl Surface tilt + shadowing contrast

: proportional to
\I\LF 1 U— topography, composition,
¢) Surface tilt+ BSE diffusion contrast qC

BN VDN

d} SE diffusion contrast g) Mass—thickness cu-ntrust

Taken from L. Reimer,
Scanning Electron Microscopy,
2nd edition, Springer Verlag

Fig. 6.1. Contributions to topographic contrast demonstrated schematically by
surface contours (top) and linescans of SE signals: (a) surface tilt contrast, (b)
shadowing contrast, (c) BSE diffusion contrast, (d) SE diffusion contrast and (e)
mass-thickness contrast

CN Eﬁnmm page 23
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ZeissUltra FEI Sirion Hitachi $S4800 JEOL 7401F

Instrument Sour ce Objectivelens Resolution Detectors Other
ZeissUltra TFE Electrostatic- 1.7 nm @ 1kv InLens SE, In Lens BSE Customizable software
:al ectromagnetic compound 1.0 nm @ 15 KV with E filter, EET SE
ens
FEI Sirion TFE Magnetic Semi immersion unpublished InLens SE, ET SE
Hitachi 4800 Cold FE Magnetic Semi immersion 2nm @ 1kv In Lens SE with E filter, Nice loadlock
E-T SE
1.0nm @ 15KV
JEOL 7401F Cold FE Magnetic Semi immersion unpublished In Lens SE with E filter,
E-T SE

Information and images taken from each manufacturers web site

CN Eﬂeﬂﬂ.’amimle page 24
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Using an SEM

CNE..... e 25



s [aken from the the SEM tutorial at:

http://www.micro.magnet.fsu.edu/primer/javal/el ectronmicroscopy/magnifyl/index.html

s Giveltatry!

CN Em NeariSeale page 26
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m Effect can be recognized by
stretching of the imagein
two perpendicular
directions, when the L
objective lensis ooy
underfocused and then
overfocused

= At exact focus — stretching
vanishes

o v—l
05-1 204 8 009 031

101§ oI
#5-3 204 20 00% 020

From Scanning Electron Microscopy and X-Ray Microanalysis,

Joseph I. Goldstein et a. Plenum Press

CN‘ Camell ManaScaks

Science ond Technalogy Facility
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xper!ure x‘lgnmenf

= For optimum resolution the beam limiting aperture must be
centered on the electron optical axis

= If your image is shifting while focusing the aperture is not
centered

s Most FE SEMS have afocus “wobble” to assist in the
centering of the aperture —

+ When properly adjusted the image will show no side to side movement,
It will only go in and out of focus

= Needs to be adjusted whenever the accelerating voltage or
aperture is changed

c~‘ Camell Manabos
Ecience ond Tech : .:E:.Ir.“!l'ﬁ page 28



Choosing an SE Detector

MEMsComb Drive

F &
, &
el ] - g
. b
ey v
2 f.“’,‘"ﬂ:-.\:.._ }r e oo =

I
‘ ‘qf%% '
‘::.NT‘-“"::-;N. s el :;——:,‘.“-?7 e

A1 |
N o [ - e
T il ¥ o
Py e

SOrm————— 10KV Smm SOrm———— 10KU Smm

Ui 0
CNHNF NANOCOURSE CORNELL UNIV. CNHNF NANOCOURSE CORNELL UNIV.

ET SE-Detector (in chamber) TTL SE-Detector (inlens)

Different information from each detector

L ook at both signals beforetaking a picture
CN Em NeariSeale page 29
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mc Ing an Accelerating Voltage

= For conductive samples
you can use essentially
any voltage

m  More surface information
at lower voltages

= Higher voltages penetrate
deeply into the sample
¢ Cansee metd lines
buried in dielectric

Fig. 6.8. SE image of a Y-shaped bar on silicon imaged with a primary electron
energy of (a) 30 keV, (b) 15 keV, (c) 5 keV and (d) 1 keV (surface tilt ¢ = 45°)

Unfortunately, many samples aren’t conductive!
For these samples a means of mitigating excess charge must be found

Taken from L. Reimer, Scanning Electron Microscopy,

CNF 2nd edition, Springer Verlag
Comell ManaScake page 30
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E”arglng N HOI’]COI’]HUC!IVG !amp‘es

W= 7 mm Aperture Size = 2000 pm Signal A = SE2 Drate 4 May 2005 CNF
MWag= 3.01 KX EHT = 110 kV Pixel Size = 37.1 nm Signal B =InLens  Time :18:10:46

Accelerating Voltage = 1.1 keV

Photoresist on SSO,on S
Bright areas indicate negative charge accumulation

CN Eﬁnmm page 31
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ow Voltage

. one soiyuon 1to

arging

This plot shows the ratio of SE emitted
from sample to the amount of incoming
electrons from the primary beam.

In order to operate the SEM without
charging the sample, you must operate at
unity (1 electron in gets 1 electron out).

If more electrons come out than comein,
the sample will charge positively (image
will look dark).

If more electrons come in than go out the
samplewill charge negatively (image
will look bright).

Due to the effect that thiswill have on the
electron beam, the most stable operating
point isE,. E, istypically between 0.5
and 5 keV for most samples.

c~‘ Camell ManaScaks
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0

Slope=(eIoR)"

— — — — — -

Taken from L. Reimer,
Scanning Electron Microscopy,
2nd edition, Springer Verlag
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etermining the =,

able Voltage

=
-
-

s §
1 @
LS

(a) Scan area at low
magnification

magnification

{(c) Bright scan square -

sample charging
negative

Beam Energy > E 2 Beam Energy <E 2

Increase

-
s

(b) Count to 5 then go
back 1o onginal
magnification

(d) Dark scan square -
sample charging
positive

Fig. 14. Procedure for the determination of E2 using variable
magnification scanning,

Taken from D. Joy, et a, Micron, 27, 247 (1996)

c~‘ Camell ManaScaks
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Table 1. £2 Data, semiconductors and other inorganics

Semiconductors
Compound
Low density resist
Resist on Cr substrate
Resist on oxide
Resist on poly-Si
PMMA resist

Other inorganics
Compound
NacCl
KCl
LiF

E2 (keV)
0.55
0.70
0.90
1.10
1.6

E2 (keV)
2.0
1.6
1.9

Compound

Cr on glass
Glass passivation
Si02 (quartz)
Alumina Al,O,
High res. GaAs

Compound
Pyrex glass
CaF2(fluorite)

E2 (keV)
20
2.0
30
29
2.6

E2 (keV)
1.9
1.9

This protocol and table provide useful

guidelines for finding the stable voltage, E,
NOTE: these are only guidelines!



2um WD= 7mm Aperture Size = 20.00 um Signal A = SE2 Date 4 May 2005 2um WD = 7mm Aperure Size = 20 00 um Sianal A = SE2 Date 4 May 2005 CNF
Mag= 3.01 KX EHT = 1.10kY Pixel Size = 37.1 nm SignalB=InLens  Time 18 10:46 CNF Mag= 249K X EHT = 090 kv Pixel Size = 44.8 nm SignalB =InLens  Time :18:07:48

1.1kV 0.9 kV

Changing the beam energy by 200 V eiminates charging.
This suggests that 900 V is the stable beam energy (E,) for this sample.

CNErneﬂ Manaioake page 34
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Variable Pressure (VP) SEM: Another Solution to Specimen Charging

= Bleedsin gasto raise chamber 8 |
pressure pet0 Ompar [ | |
== .
» Gas moleculesimpinging on the Rl ——on
surface provide a mechanism to e |
relieve charge Betp i

= Inlens-Detector

= Modern VP FE SEMshave
resolution close to regular FE
SEMs

s Excdlent tool for imaging
insulating samples at higher
voltage

Taken from www.smt.zei ss.com

CN E.-.En MamaScale page 35
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Wxamp es

n  Upper left: Polyimide/parylene
coated MEM S device imaged at
10 keV

= Upper right: Polyimide/parylene
coated MEM S device imaged at
10 keV in VP mode

m Left 200 nm wide Pt lines on

260nm EHT = 760 kv Sigral A = QBSD  Aperure Sizo = 8000 pm  Date 26 Agr 2008

W= tmm Wag= JT19KX i eS80l PyreX |magaj |n VP mOde

CN ﬁneﬂn’am&'ale page 36
LT
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ecto OrkKing bistance

1 1
', \\ ,-' ‘\
1 : J \
! . J \
i . d 4
n'il : \
A B | ‘\
al condenser lens / Final condenser lens
ﬁ }) . }" ‘\ /9
i -Zj':-_:l ! B
— N —Aperture D —Aperture
A A
. Working distance
Yoo " Y Depth of field

- Working distance

Figure 7-7. When the working distance is
Increased as shown in B, this decreases the
aperture angle alpha so that the depth of field is
also increased.

-------------------------

y  Depth of field

Redrawn from Postek et a., 1980

CN Eﬂeﬂ MamaScale page 37
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(¢) W.D. 13 mm Aperture size 100um. (d) W.D.37 mm

Aperture size 100um.

WD =13 mm WD =37 mm

CN Eﬁnmm page 38
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Bep!H 0! Elela: E#ect o! Aperture Size

A A
\ \

! A

]
A ¢ v Final condenser lens B J

T —Aperju re

+ Working distance

—Aperture

. Working distance
Lovnnn. e

* Depth of field

---------

Y’ " Depth of field

Figure 7-6. Depth of field (the depth that isin focus in the specimen) is increased

by using smaller apertures as shown on right.
Redrawn from Postek et al., 1980

CN Eﬂeﬂ MamaScale page 39
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Smm

ZoOrm ———————— 10KV =11111] E O z 00 -1 10KV
CNF NANOCOURSE CORNELL UNIV. CNF NANOCOURSE CORNELL UNIV.

WD - 5mm, Aperturesize 120 um WD - 5mm, Aperturesize 20 um

MEMS Comb Drive

CN Em NeariSeale page 40
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maging Modes

[ncident electrons

A ﬂ 12

Detector
clement

L +H»—

Composition Topography
image (COMPO) image ( TOPCH)

Signals from the split ring BSE
detector can be combined in different
was to produce different contrast

Taken from http:/Avww .jeol.com/sem_/docs/sem_guide/guide.pdf

(c) Composition image (COMPO)

CNﬁnen WarkaSeale page 41
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m  Usesenergy filter to observe
B SEs coming back into the
lens

Electromagnetic
aperture changer

= Hitachi, FEI and Zeiss offer
some variant of this Field lens

technol ogy PSED - detector ¥
In-lens SE-detector

s Only Zeiss Ultraenables Beam booster
imaging of BSEsless than
2 keV

Magnetic 13{_15

Scan coils

Electrostatic lens

Specimen

Taken from www.smt.zeiss.com

CN Em NeariSeale page 42
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EsB image with
ener gy window at

IN-L ENS SE image
of Schottky barrier 1015 \Volt

Mag= 6795 K X EHT= 2.15 kV Signal = 1.000 Signal A=ESB Date :15 Jul 2003
WD= 3mm ESB Grid= 1015V Image Pixel Size =56.2 nm SignalB=InLens Time :15:32:29
File Name = INLENS-ESB-26 tif

Image obtained using Zeissin lens energy selective BSE detector

Taken from www.smt.zei ss.com

CN Em NeariSeale page 43
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ay and Auger Analysis

= Electrons changing in energy emit KLy L2
a characteristic x-ray photon AE N
= Thiscan be used for bulk WPossrrrserosrsdirsssrsssssssoad
compositional analysis Y S ——— ‘
.. O A
= Auger dectronemissioncaused (2 T—Fe——e o
by radiationless energetic
transition
o ] _ Yavavave
= Emission isconfined to surface .
region
o Excellent for characterizing
surfaces! K b4 - L o
a) X-ray emission b) Auger electron
emission

Taken from L. Reimer, Scanning Electron Microscopy, 2nd edition, Springer Verlag

CNE'IEI'I ManaScake page 44
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g-ﬂay !pec!ra

|,a

=Y LARVICITE
E=30keV
FeKa t=200s
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s KnownasEDX or EDS (Energy Dispersive X-ray Spectra)
m Each peak correspondsto adifferent energetic transisition
m  X-Ray emission peaks can by identified automatically using special

software programs
= Bulk technique, not surface sensitive Taken from L. Reimer,
= Proneto errors Scanning Electron Microscopy,

2nd edition, Springer Verlag
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m Spectracan be acquired at each
point in an image

» Different elements can be assigned
different gray values or colors

s Very useful for gaining detailed
compositional information

= Not high resolution dueto
scattering in substrate

Taken from L. Reimer, Scanning Electron
Microscopy, 2nd edition, Springer Verlag
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= Can be obtained using SEM-like instrument referred to as a scanning Auger
microprobe

m Cantake Auger spectra at specific locations
» Can be used to create detailed surface composition maps
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Use Ar ion beam to sputter away
material during analysis

Creates composition Vs. time plot

Below: Composition of S substrate /
carbon nanofiber interface
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Yang, et a, Nano Lett., Vol. 3, No. 12, 2003
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Toincrease depth of field:
 Increase working distance
» Decrease aperture size
e Use collimated beam mode

Surface Sensitivity:
» Lower accelerating voltage
o Usetheright detector!

High Resolution:
* Reduce spot size
o smaller aperture
e or condenser lens
» Short working distance
» Slower scan rate
o Usetheright detector!

Analysis.
» Use as high of abeam current as your
sample can take

c~‘ Camell ManaScaks
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Better S/N:

e Larger aperture
 Slower scan rate
e Use collimated beam mode

Charging or Insulating Sample:

» Lower accelerating voltage (find E2
voltage)

e UseaVP system

» Sputter coat with Au-Pd (last option)

Focus and Stigmation:

» Adjust focus and stigmation at higher
mags than working mag

* Adjust to best focus

* Adjust 1 or both stigmator controls

» |terate between focus and stigmation
(roundish structures helpful in adjusting
stigmation)

» Center apertures after changesin
accelerating voltage or aperture
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gamp'e Breparatlon

= Advantage of SEM - little preparation needed!

= Mount on appropriate stub making electrical contact
¢ Use conductive Cu adhesive or clipsto secure sample

s Various mounts:
+ Whole wafer mounts
¢ Small piece mounts
s Cleaveto look at cross-section
¢ Can aso polish or use focused ion beam

s |f samples charge and low voltage or VP mode do not work,
sputter coat with metal, e.g., Au-Pd

s Mark specimen with asmall Cu tape arrow (cut the corner off of
some Cu tape) and stick it close to your region of interest under an
optical microscope

c~ E.-.En Manascale page 50
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He‘erences

n SEM:

¢ Scanning Electron Microscopy and X-Ray Microanalysis, Goldstein,
Newbury, Echlin, Joy, Romig, Lyman, Fiori, and Lifshin

¢ Scanning Electron Microscopy, L. Reimer, Springer Verlag, #45 in the
optical sciences series

¢ Freereference guide on using an SEM:
http://www.jeol.com/sem /docs/sem_guide/guide.pdf
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