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Spectral

How the SEM works ~ —_Hlo™s

display

A finely focused beam of electrons is | J
moved across the specimen one
point at a time ‘ 4 ‘

These stimulate electron emission
which travels to a detector where
they are collected and amplified

The image is assembled - like a
mosaic - from the million or so pixels
sequentially examined by the beam
and presented on a computer
screen

II.EII.I"!IL:II:I LD

sample detector



Packaged microchip ready to ship
— Field of View 5mm S3400

Imaging in context - low and high magnification for
problem solving and flexibility of imaging mode

opeciral
Solutons

Ordered array of
Carbon NanoRods on
Si Field of view 1 mm




....JTo true nanoscale I:|UE|]:O:I:I’1|d8|

- S5500 30.0kV 0.0mm x1000k BF-STEM

- 3.4 Angstrom lattice fringes

SMART FFT analysis



What is the SEM? %83%%

Hitachi High-Technologies Europe GmbH



What is the SEM? %83%%

Better depth of focus

Hitachi High-Technologies Europe GmbH



What is the SEM? ggﬁ%{%l

Better depth of focus
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What is the SEM?

Possibility for chemical analysis

Hitachi High-Technologies Europe GmbH
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What is the SEM?

Backscattered electron image
( X 5,000 magnification)

The cross-sectional structure of the
fiber was observed with a
backscattered electron detector.
This permits conformation of how
the white particles are cispersed in
the fiber.
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[] X-ray spectrum of area
enclosed in rectangle above

Possibility for chemical analysis

Hitachi High-Technologies Europe GmbH

opeciral
Solutons

@/ X-ray mapping
image of C and Ti




What is the SEM? ggﬁ%{%l

Incicdent electron beam

Characteristic x-rays

Backscattered electrons V€&
(BSE image) %
Gathodic light
(CL image) Secondary
electrons
i (SE image)
Sample current kf’/
}
i\ u.;,'

[ Signals produced from sample

7
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Sampling

iZonductive
both-side tape

&

Conductive paste

Spectral
SgLeJhoné

].
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Specimen stub

Ciouble sided
Carbon Tape

Conducting
Graphite Faint

Tweazers

Wafer Tweezears

Hitachi High-Technologies Europe GmbH
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Sampling Sgﬁnoné

Sample having
unewven surface

il A
A
VA"

L
Coatsample  $0 e
3ordtimes L
while tilting it “ B &
Magnetron sputtering device Coating of sample having uneven surface

(1) Purposes of coating

» To make the sample surface conductive (prevention of charge-up)
 To increase the production rate of secondary electrons (increase image information)

» To prevent damage to sample

Hitachi High-Technologies Europe GmbH
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Irradiation of BIE at an angle BIB vertical irradiation

. . L = -~ "'," M aCHI NE dm— "' \\
o R | ,/_ ’ surface I I Mask
b &~ Vs Machine d=—7p, A .
| surface - ! Sampl .
' Sample rotatic NS ampte swing
B
Sample SampleJ
Outer view of INM-3000 ion milling device

(1) Purposes of BIB (Broad lon Beam) milling:

* To make the sample surface flat for EDX and EBSD analysis
* To eliminate oxid films or contamination, to enhance crystal orientation contrast

» To prepare “stressfree” a proper cross section of complex compound materials

Hitachi High-Technologies Europe GmbH



Sampling gol |U|]OI’%|

%

50.0um

5O.OlurTI1 S3400N 10.0kV x800 BSECOMP 40Pa

S3400N 10.0kV x800 BSECOMP 50Pa

(a) BSE image after razor (b) After Milling
cutting ( BSE Image )

Coated paper for colour printer

Hitachi High-Technologies Europe GmbH



Electron beam formation %O%%Eaé

Electron
source

Condenser
lens

Aperture

Does not strike
objective lens

O\ Working d,=d, * M, * M,
distance (WD)
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Electron beam formation ~ 2PeC

Electron I—— —J
: source l\h.[

Electron gun

Condenser
lens

Aperture

Does not strike
objective lens

L Working dk: dO * |\/|1 * M2

Sample distance (WD)

How can we obtain an even finer electron beam ?
Hitachi High-Technologies Europe GmbH



Spectral

Electron Optics SOILIONS
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Tungsten (W) thermionic filament.
- pre-centered, self adjusting (ABS).

Auto Beam Setting (ABS).
- automatical optimization of
flament saturation and beam axis.

Apertures integrated in removable
Liner Tube (HITACHI patent)
- all fixed apertures can be accessed by

:| the user for easy exchange

Quad Bias
- strong emission current also at low
accelerating voltages

Objective aperture alignment
- electronical optimization of beam (AAA).

Objective lens.

- optimized for high resolution even at low
beam energies.

- large field-of-view, also unlimited in VP.



Source Comparison Speciral

Solutions

W LaB6 Schottky FE | Cold FE
Beam 1-2um 1—-2um 10 -25nm 3-5nm
diameter
Temperature | 2300° C 1500° C 1500° C Room temp
Brightness 1 10 500 1000
Energy 2.0 eV 1.5eV 0.5eV 0.2eV
spread, AE
Stability,%/h | 0.1 % 0.2% 0.2% 5%
Probecurrent |50 nA-1uA |[50nA-1uA | >100nA 20 nA
Life time 1 month 6 months 18 months 5 years
Gun vacuum | 10 Torr 107 Torr 10 Torr 10-1 Torr




Equipotentials

Beam Current, i, —>»

Spectral

Electron Source: Tungsten Filament SOIIONS

Filament Heating Supply

Filament

Grid Cap
fcylinder)

"N Bias

Resistor

High

Yoltage

Supply
N

Ermission

Current

Anode o
Plate >

poo

False Peak

Filament Current, i; —>

Tungsten filaments,
operating life about 100 hours.

Cathods are delivered pre-centered,
no fine-mechanical adjustment work required

Setup gl
Optics llmage] Recor(l] Op.Con(I]
»; ~ ELECTRON BEAM
/ d -l‘_';-_f; P~y Vacc
- Emission Current IW "
[ ]
Filament ,?
Re-adjustement of optics . i
after filament exchange [_#Fs_Dtaw ©Md OHish
(filament saturation, Gun Blas =
beam axis) is automated - . o
a simple mouse-click is AB5 | Wl auto Gun s
enough . / Probe Current "~ 7.
(ABS-function) ’
0 100




o Emission Current I,

pectral

lubons

t S
es 0

Bias
Advantages:
Superior imaging quality
o SEM (S|gnal-.to-n0|se ratio, image contrqst)
for routine work at low beam energies
e : :

|~ EDX analysis of thin layers at
0 3kV 5kV 15kV 30kV

low beam energies is enabled.
Accelerating Voltage



Signals in the SEM =pecta

PE
X-ray

BSE
SE
>
SE Detector
RASPES o
CL ,:::,/
7| ~1onm (2)

. 1) tmic
Current / || ........ |=

Scattered TE TE

Hitachi High-Technologies Europe GmbH



Emitted electrons

Backscattered
otectza) | i
electron

Inelastically Elastically | beam

scattered = scattered
electron electron

Vacuum\

Specimen

Secondary
electron

Atom Characteristic x-ray

Hitachi High-Technologies Europe GmbH
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Spectral

Emitted electrons Sy
= When a sample is hit by ”““
an e|eCtr0n beam 3 1200 b ______________ ______________ .............. ______________ _____________ _
variety of types of R S .............. ______________ S ______________ _____________ ]
electron emissionare 2
available :
= Secondary electronsé
(energies 0 - 50eV) ¢
= Backscattered
electrons (50eV to

beam energy)

= Elastically scattered Eneray (eV)
electrons (i.e. those Energy spectrum from an InP wafer at
at the beam energy) 1.0keV incident beam energy
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SE Contrast mechanisms =PS94

Electron = Replace the detector by a
More beam flashlight, and imagine looking at
detector the sample from the gun

generated
less d%\jal /7 @ = The SE image ‘looks’ like a real
/V @re signal world image, light and dark,
//\ senerated anfhadow and highlight
more collected™ /A detector on the sample
Low SE signal KO\ Observer horizon will give strong

shadows

| = A detector above the sample
Flashlight gives no shadow information

>
]




SE Contrast mechanisms Sp|ue%“%

= The detector position
therefore affects the image
appearance

= The lower (ET) detector
views the sample from one
side and so the face looking
away from the detector Is
shadowed
= Isthisapitorisita
yramid?

To detector



SE Contrast mechanisms 2P

= The upper (in-lens) detector
views the sample from
above

= The SE collection is now
symmetrical and so all
faces of the indent are
equally visible.

= They are brighter than the
flat surface because of
topographic contrast.




Backscattered electrons 296

0.6

= The Backscattered Electron .
yield is °57
0.4

= 1 increases with Z and
Incident angle

= 1 does not depend much on
energy >

034

BS Yield

0.2 A

0.0 T I r I : I T T y
0 20 40 60 80 100
Atomic Number Z



Interaction volume

= Images are formed
because of beam interaction
with the sample

= This happens in a volume,
not In a point

= The size of this volume
varies with beam energy...

Spectra

Solutions

=
=

um BS eoetficient = 10.20%

Vacc : 10kV

BT Eallv]

fum 3% coefficlen = £1.10%

Vace : 1kV




SE & BSE at 25 kV =pecta

S4700 25.0




Spectral
Solubons

SE & BSE at 5 kV
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30.0um

S4700 25.0kV 11.5mm x1.50k YAGBSE 6/18/02

S4700 1.0kV 4.6mm x1.50k SE(U,-150) 6{18/02

30.0um

S4700 5.0kV 11.7mm x1.50k YAGBSE 6/18/02
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Why to use Low Beam Energies?

15 keV 5 keV

s

SIBOON 5 00KV x50k  10um
Low kV: High detail resolution




BSE Detectors %8&%?%

Light guide o
se Incident Objective _ Incident , Objective
electron |lens electron - lelis .
\ polepiece ~J polepiece
'Y

e o
- " Backscattered Backscattered

electron _ F electron
YAG scintillator Semiconductor FERRERNEN
detector

Fig. 6 Composition of YAG Detector a) and Semiconductor Detector b)

Hitachi High-Technologies Europe GmbH
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ge signals Solutions

DETECTOR
OSE ®BSE O|x_Ray

ClABCZ Link

COMP

TOPD

4%E Gain

1C C O @ 14
Analysis #— Std. — H.R.

e i
S e

e

10.0kV x1.00k BSECOMP

BSE COMPO

e
: e e

10.0kV x1.00k BSE3D




Material Contrast and More:

High Sensitivity 4+1 BSE Detector SO'UI]C)HE
SE BSE TOPO
(Everhart Thornley)
DETECTOR

(O SE ®BSE O ¥ Ray

W] ABCS

10.0kV x1.00k BSETOPO

COMP TOPO aD
BSE Gain

10 O O @ 4
Analysis # Std. = H R,

10.0kV x1.00k BSECOMP i

d 1 1 e W R TR el |

10.0kV x1.00k BSE3D

BSE COMPO BSE 3D



Imaging problems

A Phenomnenon L_\

Inaze moves

0060

Jample structure
cannot be dizcerned

000

Inage ig disgtorted

0000

Image fluctuates

Brightness iz unstable

\ALBLE,

Cannot he focused

0000

S

e Other
N

/l Probable cause ‘\

o Charge-up

Effect of external
digturbance

Hitachi High-Technologies Europe GmbH

v

FCauses and countermeasures are described
an the following pages.

Spectra

Solution
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Charge up ‘g’opﬁh%u%

rm‘lw-w;rar.—l—rrz

|
f
i
:
1

Lack of stereoscopic
Sense

|
|

|Uneven brigtness

Examples of Charge-up Phenomenon

Charge-up occurs during observation of non-conductive
samples, and may be conspicuous especially when scan
speed or magnification is changed.

Hitachi High-Technologies Europe GmbH



Charge up

Probe current(Ip) lin does not equal lout when

sample is nonconductive, and
charge-up is apt to occur.

Backscattered

electron flow Secondary
(Igse) electron flow

(ke

Electric charge

accumulation _
lin =1Ip

LORE

=lIse + Ipse + lab

Absorbed electron flow
(Iap)

opeciral
SODISt%né

Probe current(le) |, o0 jals ot when sample is

conductive, and electric charge of
the sample is balanced.

Backscattered

. Secondary
electron flow electron flow
i Igse) 1§73,

\

lin =1Ip
=Ise+ Ipse + lab

Absorbed electron flow
Sample

7

Countermeasures for the charge-up phenomenon.

Reduce the accelerating voltage.
Reduce the sample irradiating current.

Apply a metal coating.

Observe images in low vacuum mode

IO

Integrate the image (form an image by superimposing images obtained at rapid scan)

Utilize a low-acceleration BSE signal (eliminate SE signal by means of signal varying mechanism)

Hitachi High-Technologies Europe GmbH
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Contamination Solutons

R B I e A B s

Electron beam

Sample|
» Residual gas molecules in specimen chamber
+ Gas molecules derived from sample

TGS T N T S PO SN Ty
Observed as is: contamlnatlon conspi

Magnification
reduced

—

Example of Sample Contamination
Hitachi High-Technologies Europe GmbH



Spectral

Contamination Solutons

Countermeasures against contamination

The following steps are required in order to reduce the contamination:
* Reduction of residual gas molecules in specimen chamber (improvement of vacuum level)
» Reduction of gas molecules derived from sample
Concrete measures to achieve the above reductions are as follows.
1. Use a minimum amount of conductive paste or tape when mounting the sample in the instrument.

2. Thoroughly dry the conductive paste with a dryer or the like prior to inserting sample into the
instrument for observation.

3. Heat and degas the sample in a vacuum device.

4. Carry out focusing as quickly as possible and avoid observing the same location for a long time
especially at high magnification.

5. Observe samples while cooling the sample surroundings with a cold trap.

Hitachi High-Technologies Europe GmbH
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Beam damage Soluons

No beam damage Damage due to beam irradiation

Countermeasures against contamination

Reduce the sample irradiating current
Lower the accelerating voltage

Apply (metal) coating to the sample (to imrove heat conductivity)

A

Observe the sample while cooling it

Hitachi High-Technologies Europe GmbH



Outside disturbance g’gﬁt%ﬁ%

Countermeasures against vibration

Keep the instrument well away from vibration sources such as air-conditioner or pumps.

Do not let high-voltage cables from the column come in contact with the wall or other installation items
Lower the accelerating voltage

Don't let the draft from an air-conditioner outlet contact the column directly.

Countermeasures against magnetic field

Keep the instrument well away from magnetic field sources such as transformer or large capacity
power cables educe the sample irradiating current

Lower Shorten the working distance (see 1-7 or 4-5 in Chapter 6) and apply strong excitation to
the condenser lens to counter the effect of a magnetic field.

Use a magnetic field cancelleing system

Hitachi High-Technologies Europe GmbH



Other problems

Symptom

Possible causes

Sample moves

« Sample is not fixed in place adequately when
sampling.

» Screw of specimen holder is not tightened
adequately.

« Sample is inserted incompletely onto specimen
stage.

« Compressor operated while the stage is locked.

Image fluctuates

« Irradiating current is low (change the excitation
of condenser lens).

» Lower image is being observed at short WD in
the case of semi in-lens SEM.

« WD is long in low vacuum SEM observation
mode.

Focus cannot
be obtained

* Inadequate optical axis alignment
» Objective aperture contaminated
» Recheck the instrument parameters.

Hitachi High-Technologies Europe GmbH
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Astigmatism =pecta

Beam shape

Before correction Y | O .........

Electron sourc i \
: electrons

T~ Obj lens

Hitachi High-Technologies Europe GmbH



Astigmatism =pecta

After correction v @j/\Correction coil
i P Q Beam size
X2 |
Gimrmm i m 2 A e e e i immm o Yerir —— .

Electron source Electron Beam

o\
\/r@\ Obj lens

Correction coil

Hitachi High-Technologies Europe GmbH



Astigmatism %,Hﬁcrﬂ%

Just focus Over focus

Before correction

Specimen:Trachea of rat

Hitachi High-Technologies Europe GmbH



Astigmatism %o'ﬂé I]:o: l:n"%J

After correction 588 W Xax

Specimen:Trachea of rat

Hitachi High-Technologies Europe GmbH



Variable Pressure =pecta

M Residual gas
High vacuum ’\ /‘ M
(1.0Pa -270Pa) — — —

Non-conductive
sample

Pressure | Mean Free Path
103Pa 40mm
13Pa 3mm
270Pa 0.1lmm

Hitachi High-Technologies Europe GmbH



SEM with Variable Chamber Pressure gggt%r%l

« Conductive samples: Observation in high-vacuum

* Non-conductive samples: Observation in low-vacuum

— No sample coating required. VACUUM MODE
— If charging occurs, simply the chamber SUFSEL] o R
pressure is gradually increased until Current Vacuum |1 gy

| )

=etting Yacuum |BEI =
—> J

the charging disappears.

 Investigation of humid or oily samples

— An optional cool stage chills at ca. 60Pa chamber pressure the
sample to —20°C, so that the evaporation of water is mostly

suppressed
(balance point between solid and gasous phase)



Variable Pressure

©
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Basalt - uncoated

Hitachi
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Variable Pressure =pecta

PD-BSE Detecto
ELEMENT SETTING
B

P = —

D E @+

RN e el e =
]

S [ s

PRE- AMP GAIN
1stStage  © High & Medium  Low
{

2nd Btage & High  Low

Close
.l

Basalt - uncoated
Hitachi High-Technologies Europe GmbH



X-ray mapping ng%tlf%l

' 700pm '
77850cps, 38min., VP=50Pa, 60nA

Hitachi High-Technologies Europe GmbH



X-ray mapping %83%%

700pm '
77850cps, 38min., VP=50Pa, 60nA

Hitachi High-Technologies Europe GmbH



. — Spectral
Variable Pressure SEM 853%%

Primary Electron @ Electron
e @ &) Ion
® Photon
Photomultiplier Bias Electrode © Gas

3 ovcv?,o,c Molecule
®.©0 @& @ @ b? b?
e® ® ©

&




SE Imaging at Low Chamber Vacuum opeciral
Solutions

Application: Operation under low chamber vacuum.
High surface detail resolution especially for light elements

Secondary electrons (SE) ionize

gas molecules above the sample surface.
Electric collection field accelerates SE

-> further ionization, avalanche effect.

Recordable current per image pixel is
proportional to the number of created SE.

<Amp7 DETECTOR
“E OBSE @& |ESED v

W] ABCC Link

ESED Bias

C'Low @ High




SE Imaging at Low Chamber Vacuum Splectrcaj
utionNs

BSE image

Chamber pressure: 60Pa
Vacc: 15kV

S3400 15.0kV x150 BSE



SE Imaging at Low Chamber Vacuum Sple%tll:%l
U

ESED image:
Many surface details
Good S/N ratio

S3400 15.0kV

Chamber pressure: 60Pa
Vacc: 15kV



EDS theory on atomic level 25502

« Characteristic line energies: origin in atomic structure,
different for every element in the periodic table

* Line intensities: depend on ionisation probability,
photon generation probability, sample composition =
element concentrations




Quantification steps
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Si- based detector (schematic) SOUIoNS
1
1 | E
| Z I
1 <0t
=

4 2
1 100...120

Si (Li) SDD !
A Si(Li) is built on a bulk silicon semicon- The SDD is a semiconductor device with a
ductor crystal which has an inert volume, greatly reduced anode spot and drift rings
drifted with Li The drift field guides the charge clouds to the
Charge carriers produced by incoming X-rays| designated anode spot
are swept to the anode which is the entire An integrated monolithically FET amplifies the
surface of the crystal signal
To reduce noise the detector crystals and the | operating temperature (around -20°C) can
separate first stage amplifier (FET) need to be| easily be achieved by thermoelectric cooling
cooled at -180° C (Peltier)




From LN2 cooled to SDD  2Pec

« Why are Silicon Drift Detectors replacing LN, cooled
Si(Li) systems ?
— No liquid nitrogen
— High countrates
— Good resolution at high countrates
— Small, less risk for vibration or acoustic disturbance

— Resolution down to 123 eV
— Detection down to Be
— Countrates over 1.000.000 possible



From LN2 cooled to SDD %O%%%

Low capacitance

a

High speed

. electren traf)
gold wire baclkside contact (only with slew window!)

Drift Rings

Irradiated area

Signal electrons|

o =
tor

)

FET, detector |

Anode and
integrated FET

entrance window
for Z-ray radiation




Resolution vs countrate 205

FWHM
[eV]
200
175 | Si(Li) 10 mm?)
150
125 | |
XFlash®4010 (10 mm?)
0 20 50 100 150

Input count rate [kcps]



Resolution at low energies

Mn-Ko=125 eV Mn-Ko=133 eV

wf CKu=48 eV

7777777777777777777777777777

WwOZ0mMZZZI20TOO
o o @

— m
xxQgA<Q5FQz20

«

Spectral
SgLeJhoné

- 8¢V at Mn-
Ka

- 17e§ at C-

) ™
NW



Spectra comparison 123 eV / 150 e&%‘%
@ 60.000 cps output




Dual Detector QUANTAX %o%%

Hitachi SU-1500
With dual XFlash QUANTAX




What about 4 x 10 mm? chips ? g’gﬁh%“ng

4th SDD generation, Tear Drop p——y
Layout i '

40 mm? active area (4x10 mm?)
Energy resolution: < 123 - 133 eV
Detection from Boron (5) and up
Max. input pulse rate: 3 000 000 cps
Up to 50 times faster than 30 mm2
Si(Li)

Vibration-free, maintenance-free

, k Readout Anode

FET

AL
\l e
N \




Practical consequence of speed gg&%m%l

= XFlash® QUAD 5040
Spectrometry mode
138 eV resolution
720,000 cps input
40% dead time
Acquisition time: 7 minutes

= Si(Li) detector (30 mm?)

138 eV resolution AL L

20,000 cps input

60% dead time = Mineralogical
Acquisition time: 6.25 hours sample

15 keV
600 x 450 pixels

= Si(L1) takes 50 times longer



Thank you | =pecta

Hitachi SU-70




Display Mode — Full Screen Specha]
Solutons

B AR BRD Sie 17%0E v 2o BEELW) A7)
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83400 0. 00kV x1. 00k SE




Display Mode - Standard Speciral
utions

00N Scanning Electron Microsco

File Edit Setup Operate Scan Image Analysis  Option Tool Window Undo Help

Vacc le

e
1 B [l 2| v | 4 | ™
Freeze V1 Fastl | Slowl | Red? RECC | AFC

P —cr—

Cond. | Image | Utility | Stage |
ELECTRON BEAM
Vacc

250 @Sk [ om
Probe Current -

] 100
WORKING DISTANCE

ON

M == [[Home zio] ¢
H

Align | MonitF x1.00k| 5120 Save Save | Layout

L (oo ]

VACUUM MODE
@VP-SEM O SEM
Current Wacuum %0000 Pa

[ 2

Setting Vacuum 20 pa

SCAN MODE
== s R
Moarm | Line Spot Area

53400 0.00kv x1.00k SE
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