SIM

JEOL




—Unauthorized use prohibited—
JEOL Ltd.




JEOL is always making efforts to meet the needs of our
customers in all areas including hardware and software of our
instruments. Our efforts to grasp customer requirements
include question and answer opportunities during technical
seminars and meetings. Based on these questions, we have
published this Q&A book.

We hope this book will help you solve various problems
encountered during your daily research. Also, we would
appreciate it if you could give us constructive comments to
refine the contents of this book.

JEOL Ltd.
JEOL DATUM Ltd.



Contents

PrinCiple Of SEM ... e 5
Specimen Preparation Methods
Q 1. How to observe a biological Specimen CONTAINING WALEI? ... ...iiiiiiiee ettt et e e e st e e et e e e e aeeeeennneaeeenne 6
Q 2. In the observation of a water-containing specimen, what is the difference between the cryo method and the

low vacuum (LV) method, and what is the maximum magnification in each Method? ............ccovviiiiiiiii e 7
Q 8. How to prepare a cross section of a specimen consisting of rubber sheets and resin layers that are glued together? ............... 8
Q 4 . How to cut a thin metal film on an insulating substrate such as glass together with the substrate? How to

observe the thin metal film WItNOUL CORLING? ... .viie e e e e e et e e e et e e e et e e e e eneeeeeeane 9
Q5 . How to prepare a cross section of a Si wafer or Other WaferS?.........oiiiiii e 10
Q 6 . How to mount powder sample 0N @ SPECIMEN STUD? ......iiiiiiee ittt e e e e e e e e e e s etea e e e aaeraeas 1
Q 7 . How to prevent the aggregation of particles when mounting the powder on the specimen stub using

Lo = a1 =T 1Y PP PP PPPPR 12
Q 8. What is the appropriate thickNess Of tNe COAtING? ......vuiiiii e e e e e e e e e e e e neeeeeanneeeeas 13
Q 9. What is the difference between sputtering device and vaCuUM EVAPOTALOIT? . ......ccuuviieiiiiieeeiiiiee e iiee e e see e e e e eieae e eeeeeees 14
Q10. Which coating material is best suital for My appliCAtIONT ........iiiiiii e 15

Principle and How To Use the SEM

Q1.

Q12.
Q183.
Q14.
Q15.
Q16.
Q17.
Q18.

Q19.
Q20.
Q21.

How to select the accelerating voltage? What are the merits of high accelerating voltage and what are the

MeErits Of OW @CCEIEIAtING VOIAGE? .....viviee ettt e et e e e e e e e et e e e e st e e e e sttt e e e e st e e e e n st e e e ennteeeeennnees 16
What is the saturation of the electron gun? HOW t0 SAtUrAtE i?........ccciiiiieiiiic e 18
How to use the SPOot SIZE7 ......cciiiiiiiicc e ...20
HOW t0 dISEINGUISN CRAIGING? ...ttt ettt 22
Is it possible to observe a nonconductive specimen Without CORTINGT ... ..vviiiiiiiiee e 23
How to prevent the charging and take @ fine PROTO? ... ..iiii e e s 24
What is necessary to observe a beam SENSItIVE SPECIMENT ....iiiiiiiie it e e e e e e e e enneeeeas 26
For a non-conductive specimen, what is the difference between observation at a low accelerating voltage

and 0bsenvation IN the TOW VACUUM (LV)? .....eeiiei ittt ettt e et e ettt e ettt e et e e bt e e et e e e nbeeenrbeeanbreans 27
How t0 0bServe an OUt-gasSiNg SPECIMENT .....ciiiiiiie ettt e et e e et e e e a bt e e e ettt e e e sttt e e e ettt e e e e tbeee e e 28
How high is the temperature rise of a specimen due to the electron beam irradiation during the observation? .. .29
What is specimen contamination? How to reducine contamination? ...........ccuvieiiiiiiie i 30

Elemental Analysis

Q22. How to determine the exposure time of X-ray area analysis (MappiNg IMAGE)? .......ccvieiiieiiieiiiee et 31
Q23. How to reduce analysis volume in elemental @NalYSIS? .......cccuuuuiiiiiiiie e e e e e 32
Q24. How to obtain good qualitative analysis by EDS?......... .
Q25. How to perform qUAaNItAtiVE GNAIYSIS?.........viieiiir e et s ettt e e e e st e e ettt e e e e sttt e e e ettt e e e e st st e e e ettt e e e e s taeeeennnteeeeennnsraeas 36
Q26. How is the accuracy of quantitative analysis in elemental analysis DY EDS? .......coviiiiiiiiiie e 37
Q27. What is the difference between elemental analysis by EDS and Dy WDS? .......ooiiiiiiiiiiiiieiie et 38
Q28. Is it possible to analyze foreign MatErials IN FESINT ......uurie it e et e e e et e e e e e e e annneeeas 39
Other

Q29. How to perform a stereoscopic 0bservation USING @ SEM? .......cuuiiiiiiie et a e e e aarae s 40
Q30. How to quantitatively know the height difference on the SPECIMENT .......ccviiiiiiii s 41



Principle of SEM

Principle of SEM

@ Information obtained by electron beam irradiation
When a specimen is irradiated with an electron beam, interactions between the incident electrons and the constituent atoms in the specimen
produce various signals, as shown in the following two figures. The left figure illustrates the kind of signals obtained, whereas the right figure

indicates the volume within the specimen where these signals are generated.

Incident electron beam
ravs ——————» W Secondary Incident electron beam
X-rays electrons :
Cathodoluminescence (CL) --- ---Backscattered —_——Secondary electrons (a few nm)
electrons Auger electrons
,,,,, Alug?r 9 2 %Bafcksclaottereld0 Slectgons
electrons N & a few 10 to nm
Specimen Continuous X-rays i\\ \%
Electromotive force ----- P e Absorbed \\ Q) Characteristic X-rays (a few um)
electrons Fluorescent X-rays —X\\y W
; 5
A
Transmitted electrons Volume of generation of various quanta and
their spatial resolutions (by Goldstein)

@ Image enlargement
When scanning a finely focused electron beam (a few nm in diameter) on a specimen surface various signals (secondary electrons,

backscattered electrons, etc.) are emitted from each irradiated point. These signals are detected, converted into electric signals, amplified,
and then fed into a display unit (observation CRT or LCD monitor). These signals are used to modulate the intensity (brightness) of the CRT
or LCD. Since the scanning on the display unit is synchronized with the electron beam (probe) scan, the irradiated point on the specimen
corresponds to that on the display unit. The type of the obtained image (morphological or compositional image) can be changed by
switching the signal. The magnification of the SEM image is determined by the ratio of the horizontal size of the monitor screen to the scan

width of the electron probe.

Condenser lens

Objective lens aperture
Scanning coil

Scanning circuit

Objective lens

Detector




Specimen Preparation Methods

How to observe a biological specimen containing water?

E Methods of observing a biological specimen containing water are classified roughly into the following four ways.

You should select the most appropriate method according to the purpose and the state of the specimen. The features of the
methods are as follows.

(1) Observe a specimen in situ

When you only need to observe a live insect or a fresh pollen at a low magnification, you can observe it at a low accelerating
voltage (1 to 2 kV) in a short time. Also, when you observe a specimen such as a cluster of fungi where it is undesirable to apply
chemical processing (fixation), you can observe it in situ.

(2) Observe a specimen using the low vacuum (LV) method
Depending on a specimen, you may not be able to perform chemical fixation nor cryo observation. In such a case, you can observe
the specimen by maintaining the specimen chamber at low vacuum.

(3) Observe a specimen using the cryo method
This method basically freezes the water content of a specimen to observe the specimen. You must pay attention to the formation
of ice crystals.

(4) Observe a specimen using chemical fixation
In order to maintain the original shape of the specimen as far as possible while in the vacuum, perform the following processings.

Fixation: This process fixes protein and fat with glutaraldehyde and/or osmium tetraoxide.

Dehydration: This process replaces water content in the specimen with ethanol.

Drying: This process removes organic solvent such as ethanol. It uses the critical point drying method or the freeze-drying
method so that the deformation of the specimen due to surface tension does not occur during the drying process.

Although the time required to make such a specimen preparation differs depending on the specimen, it takes 2 to 3 hours for each
process.
Each of the four methods enables you to obtain the highest magnification.

Temperature
P T T T T T T T T T T 1

oF
9 Relation between the water phase diagram
6001~ and the SEM observation method

You want to observe a water-containing specimen

! | WantDtg gggerve Lotion
it including Cryo-SEM Paint

Vapor water? Mayonnaise

400

Triple point Water

Natural
drying

= N N TR AN NN NN NN M M N -
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Pressure (Pa)

The figure above schematically shows the phase of water at

different atmospheric pressures and temperatures.

The environments in specimen chamber for the SEM

(including high and low accelerating voltages), Cryo-SEM

and LV-SEM are marked.

As shown in the figure above, normally, you cannot observe

water as a liquid in the SEM vacuum. Therefore, you must

remove the water or perform physical fixation (freeze) of

water. That corresponds to the process of Fixation —

Dehydration — Drying or Cryo-SEM.

In exceptional cases, you can observe a specimen with a

strong structure (no shrinkage when water evaporates)

using an LV-SEM or observe it at a low accelerating voltage

without coating.

Insect or pollen

Can it be
chemically
fixed?

Yes Chemical
fixation

Animal tissue

Coating

Only LV-SEM available for use!

Normal SEM

observation




Specimen Preparation Methods

In the observation of a water-containing specimen, what is the difference between the cryo
method and the low vacuum (LV) method, and what is the maximum magnification in each
method?

IIl Decide which method you use according to the state of the specimen and the purpose of the observation.

Cryo method
(1) You can obtain a good result for emulsion of cosmetic or paint. The magnification is normally up to a few tens of thousands times.
(2) It is also effective when you need to analyze elements by freezing a liquid specimen.

Low vacuum (LV) method

(1) You can relatively easily observe a specimen such as plant and analyze elements. You must observe in as short a time as
possible. When you freeze the specimen, you can set the observable time longer.

(2) You can observe in situ a specimen such as a biological specimen on a slide glass prepared (stained) for an light microscope. It
is a feature of this method that you can easily compare an light microscope image with a SEM image.

(8) Although the maximum observable magnification depends on the amount of backscattered electrons and the pressure of the
low vacuum, it is possible to increase the magnification from a few thousands times to a few tens of thousands times.

It is not easy to observe gelatinous specimens such as soybean curd using either of the above methods It is also necessary to
obtain the most natural state by checking the results by means of various methods (such as the results observed using a
transmission electron microscope after making a frozen replica).

15kV X7,508 Im 920130

Lotion with the cryo method. Bacteria on the slide glass stained for the light microscope at
low vacuum (LV) without coating.



How to prepare a cross section of rubber sheets and resin layers that are glued together?

IIl Several methods are available.

(1) Preparing the cross section using a knife

Perform this method by taking the orientation of the specimen and the moving direction of the knife into account; align the same
specimens with each other or stack several sheets cut from the same specimens together and cut the specimens. This method is
simple and easy, but sometimes, you might have a knife mark on the specimens.

(2) Cutting the specimen in liquid nitrogen

If the specimen hardens in liquid nitrogen, make a cross section by cutting it with this method. You need not worry about leaving
knife marks, but sometimes a slight unevenness might remain on the surface of the specimen (you can more easily observe the
specimen with an uneven surface when using the SEM).

(3) Making a cross section using a microtome

You can make the clearest surface with this method. If there is a large difference in hardness between rubber sheet and a resin
layer, this method might be difficult. In addition, if the specimen is soft, you must use a cryo microtome. Depending on a specimen,
you need to embed the specimen. Some specimens need staining with osmium and ruthenium to increase the hardness of the

specimen.
(1) (Cut the specimen (Make a cross section by crisscrossing (Push and cut)
with a knife) the knife against the specimen)

Knife

- N
<Rubber Resin + Stack several
<~

sheets cut from
the same

specimens and
use the center.

When the specimen is thin

| o

(2) (Cleave the specimen with a plier) (Cut with a knife)

—<— Plier

—=—— Stainless beaker —»—

Liquid nitrogen
Make incisions at both sides




Specimen Preparation Methods

How to cut thin metal film on an insulating substrate such as glass together with the
substrate?

How to observe the thin metal film without coating?

E (1) To prepare a cross section, there are two methods; one method is to scratch the surface of the substrate with a glass cutter
and to cleave the substrate using a special plier. The other method is to place a fine wire beneath the scratch of the substrate

and to cleave the substrate by pushing down on both sides of the wire. In either method, a large force is required to cleave the
substrate when the glass is thick.

Cover the specimen using
paper, and press strongly

<© O\\ with your fingers.

A scratch at
the edge part

Fine wire

Scratch the edge
part using glass.

(2) When you observe the specimen, it is important to select an accelerating voltage that charges the specimen as little as possible.
The electron-beam scans from the left top to the right bottom on the observation screen. If you consider the scan direction
when you arrange the orientation of the specimen, you can suppress the distortion of the image due to charge-up at minimum.

For example, it is useful to place the thin metal fim part on the top of the monitor so that the electron beam irradiates this part
first and then irradiates the insulator part.

Scan direction of the )
electron beam Observation screen

// ~—— Thin metal film
Specimen

— Insulator




How to prepare a cross section of a Si wafer or other wafers?

IIl (1) For a Si substrate or the one with resist deposited, you can make a good cross section using the following method.

10

Tweezers

A ~—— Diamond knife 47 Eine wire
Scratch the edge of the wafer Place a fine wire beneath the
on the line you want to cut, scratched part of the substrate,
using a diamond knife. and apply a force from the upper

side of the wafer symmetrically
centering the wire using a pair of
tweezers.

(2) If the specimen has wires or metal layers of Al, Cu, Au, etc., it is difficult to make a clear cross-sectional surface because these
metals have ductibilities.

(8) According to the circumstances, you can use a microtome to make a cross section.



Specimen Preparation Methods

How to mount powder sample on a specimen stub?

IIl Various adhesive agents are used to mount a powder sample on a specimen stub. An adequate adhesive agent is one that has a

strong adhesive power and is flat enough, and also generates secondary and backscattered electrons as few as possible.

(1) When the particle size is less than a few micrometers

Dry very thin layer of manicure, and sprinkle powder on the manicure. If you dry the manicure too much, the sample do not stick to
the specimen stub; and if the drying is not enough, particles might be embedded in the manicure. In addition, if the manicure layer
is too thick, the beam might damage the manicure, causing the manicure to crack during the observation at a high magnification.
@ The particle might deform due to the influence of the manicure solvent.

@ When particle is small, you can put a drop of liquid suspending powder directly on a sheet such as aluminum foil and mount it
on a specimen stub.

(2) When the particle size is a few micrometers

Use a double-sided tape and sprinkle powder on the tape. Take care that the tape does not stick out the specimen stub (recently,
a conductive double-sided tape became commercially available).

@ Vou can spread powder on liner paper of a double-sided tape, and press it on the block of the specimen stub.

1) Paste a double-sided tape 2) Sprinkle the powder 3) Pat the release paper with 4) Press the block lightly by

on the block. on the release paper. the finger to drop the powder. the release paper.
Double-sided tape ¢
o O
O o O
= ¥ s
Q20 o ~<—Finger
Specimen stub 0 3% g
oO o

—~€— Release paper
5 ~&—— Specimen stub
—~<— Release paper

(3) When the particle size is a few 10 micrometers or more

Apply carbon paste uniformly on the block and sprinkle powder on it.

Silver paste is not suitable for fixing the powder, because the size of the silver particle is large and the generation of secondary
electron is large.

After sprinkling the power, when you lightly press the powder using the liner paper of a double-sided tape (after blowing away the
excess particles), you can decrease the charging on the specimen.

Wrong Good X O
X Particles O 222, z

Adhesive agent
Specimen stub

Vacuum-evaporated film

Specimen
Adhesive agent
Specimen stub

Insufficient adhesive
Removing excess particles agent

Fixing a bulk specimen
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How to prevent the aggregation of particles when mounting the powder on the specimen stub

12

using organic solvent?

You need to treat a specimen stub to make it hydrophilic.
The particles clump together when liguid is dried due to a hydrophobic specimen stub. You can make carbon film or the surface of

a slide glass hudrophilic in glow discharge. In this treatment, the HDT-400 Hydrophilic Treatment Device is used.

RO BT

HDT-400

Specimen position

Electrode

Vacuum bell jar




Specimen Preparation Methods

What is the appropriate thickness of the coating?

IIl |deal thickness is 10 nm or less.

- Sputter coater -

(1) The secondary electrons are generated from the region of about 10 nm deep from the specimen surface, so if the specimen is
relatively flat and the coating thickness is 10 nm, you can obtain sufficient conductivity and the image contrast is enhanced.

(2) If the surface is rough and you cannot suppress charging with a single 10 nm coating, apply additional coating two to three
times by changing the orientation of the specimen to stop the charge-up (because the coating thickness is the value calibrated
with a flat surface, a particularly uneven specimen surface requires two to three times of coatings).

- Vacuum evaporator -

(1) The thickness of vacuum evaporated film is
determined by the amount of evaporated metal and Tungsten heater
the distance from an evaporation source to a

~+— Evaporating metal

specimen. ?
Evaporating metal

t= 7(12',@ d i R

16R? T~ 2 == *

t% y777772 -+— Evaporated film

| |=—specimen

(2) When you use a basket heater in place of a V-shaped tungsten heater, it becomes

.3
=t

Note) JEOL Datum provides the color sample for estimating the film thickness.
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What is the difference between a sputtering device and a vacuum evaporator?

There are two methods for making a non-conductive specimen conductive by putting a metal thin film on the specimen surface for
the purpose of morphological observation using a SEM.

Classification by structure |  Coating material Suitable for Model name
£ _S C Elemental analysis, observation of backscattered image | JEE-420
5@ Au JEE-420T
30
S a Al )
> g Cr Elemental analysis of carbon, etc.

)
Counter electrode type | Au General SEM observation
Au-Pd
Magnetron type Au Specimens susceptible to thermal damage JFC-1600
= Au-Pd
S Pt The SEM observation at high magnifications (a few
£ Pt-Pd tens of thousands times)
[}
@ | lon beam sputter Au, Au-Pd The high magnification observation by FE-SEM (a few tens
Pt of thousands times to a few hundreds of thousands times)
Pt-Pd The high magnification observation by FE-SEM for the
Cr specimen with good granularity

Vacuum The vacuum evaporator heats, melts and evaporates

— ti metals in high vacuum, and deposits them on a
evaporation specimen.

Diode electrode type

This device has a specimen on the positive
electrode and the metal target on the negative
electrode, and the specimen is placed in plasma.

Coating
\

L Sputtering Magnetro@

A magnetron is used for the negative electrode,
and its magnetic field increases the discharge
efficiency and furthermore reduces the ion
damage to a specimen.

lon beam sputter

By separating the ion gun from the coating
chamber, the ions do not directly hit a specimen.
So, it is possible to reduce the ion damage to the
specimen, and to make the coating metal
particles finer.




Specimen Preparation Methods

Which coating material is suitable for my application?

Coating is applied to make a nonconductive specimen conductive and to increase the generation of secondary electrons.
Therefore, select the appropriate coating material for the following reasons: good conductivity, good emission rate of secondary
electron, chemical stability and low price.

Magpnification
1,000,000 T

100,000 1 J/

Pt
10,000 1 l
1,000
Au
100+
O_

Fig.1 Usage of the coating material according to the
granularity (for the SEM observation).

Purpose Major coating material
SEM observation (secondary electron image) Au, Pt, Au-Pd
Observation of backscattered electron image C
Elemental analysis C, Al, Au
Magnetic domain or channeling pattern of c
nonconductive specimens

Fig.2 Selection of the coating material according to the purpose.
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Principle and How To Use the SEM

[A]

How to select the accelerating voltage?

What are the merits of high accelerating voltage and what are the merits of low accelerating
voltage?

@ The accelerating voltage sets the energy of the incident electrons entering the specimen.

@ Generally, a low accelerating voltage (5 to 10 kV as a guideline) is recommend for specimens having low density such as plastic,
paper or a biological specimen, and a high accelerating voltage (15 kV as a guideline) for specimens having high density such
as metal.

@ When you need to analyze the elements of the specimen, you must use an accelerating voltage sufficient to generate the X-rays
of the elements you want to detect.

Merits of high accelerating voltage

(1) At a high accelerating voltage, it is easier to get finer electron beam and the resolution increases.

(2) When the energy of the electron beam is high, it enters deeply inside the specimen; and it increase the edge effect and charge
up on the specimen surface.

(8) When there is a few 10 to a few 100 nm protective fim (such as SiO2) on the surface of a specimen such as an IC chip,
charging might occur at a low accelerating voltage, however, if you use a accelerating voltage high enough to pass the beam
through the protective film, you can observe the specimen without the effect of charge.

Merits of low accelerating voltage

(1) When you set a low accelerating voltage, the electrons entering inside the specimen become shallow, and the information near
the surface of the specimen is emphasized.

(2) When you set an extremely low accelerating voltage (around 1 kV), you can observe a nonconductive specimen without
conductive coating.

(8) Generally, specimen damage is reduced at a low accelerating voltage.

(4) The resolution at a low accelerating voltage is poor compared with that at a high accelerating voltage.

. High

Incident electrons High resolution can be obtained. ‘ 9 ‘ Surface structure is unclear. ‘

\ ‘ Edge effect is large. ‘

[Low accelerating voltage] — ‘ The specimen is likely to charge.‘
—

‘The specimen damage is large. ‘

Accelerating
\ voltage

[High accelerating voltage]

‘Surface structure is clear. ‘ —
‘The specimen damage is small.‘ —
‘The charging is reduced. ‘
[Low atomic number]  [High atomic number] [Edge effect is reduced. | Low [ The resolution is reduced.

Fig.1 Diffusion of incident electrons (by Duncumb and Shields).

16

Fig.2 Effect of the accelerating voltage.




Principle and How To Use the SEM

When the accelerating voltage is high ‘

~— Scanning electron
beam

Because the diffusion volume of the
electron beam is large and the
backscattered electrons produced there
<—— Specimen surface generate secondary electrons at the
specimen surface, the background
becomes increases, making it difficult to
) enhance the contrast of the fine structure

-<— Secondary electron signal .

(High accelerating voltage) ~ ©n the surface of the specimen.

Eléctron diffusion
regiol

When the accelerating voltage is low ‘

-—— Scanning electron beam
9 Because the diffusion volume of the

electron beam is small, it becomes easy
to enhance the contrast of the fine

Electron diffusion structure on the surface of the specimen.

region

-—— Specimen surface

)/ -~—— Secondary electron signal
(Low accelerating voltage)

(@) 30kV X2,500 (b) 5kV x2,500

Specimen: Toner

(@) The use of a high accelerating voltage makes it difficult to (b) This figure clearly shows the fine structure on the surface
enhance the contrast of the fine structure on the surface of of the specimen.
the specimen. Also, charging is likely to occur.
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What is the saturation of the electron gun? How to saturate it?

IIl (1) When you heat the filament of the electron gun, the filament emits electrons; and when you increase the temperature of filament
to a certain temperature, there is a state that the amount of emitted electrons becomes constant. This state is called the
saturation state in which the electron beam is the most stable.

(2) The electron gun generally used in SEM is a self-bias type electron gun, and the Figure 1 shows a schematic diagram. A
negative voltage (bias voltage) is applied between the filament and the grid (Wehnelt) by means of the bias resistance between
the filament and the grid.

(8) Adjust the bias voltage so that the emission current becomes 50 to 100uA; however, the greater the emission current, the
shorter the filament life.

(4) For aligning the optical axis, align the optical axis so that the probe current changes as shown in Fig. 2 as you gradually increase
the filament current, when the optical axis is not aligned, the probe current changes as shown in Fig. 3, so align the optical axis.
Actually, set the filament current to position B and adjust the optical axis alignment knob so that the probe current becomes the
maximum.

(5) After aligning the optical axis, set the filament knob to the start point of saturation (S point in Fig. 2).

— Emission current
Filament current
Pala

Filament current|

R
Bias ——— Bias voltage: AV
Filament Accelerating
Wehnelt voltage

Rstd

Anode ——

}

Optical axis Emission current

alignment coil

Condenser lens —

Objective lens aperture —— == j ==

Magnification Scan.signgﬂ
control oscillator
- -

Scan coil ———

Objective lens — S~

Backscattered
electron detector

T

Specimen 2777
+10kV |PMT

T SEI | On On
OFF| Off Off

REF| Off | On

Fig.1
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Probe current

Probe current

(Brightness of secondary electron image)

(Brightness of secondary electron image)

S Saturation state

Filament heating temperature
(Turning the filament knob clockwise)

Filament heating temperature
(Turning the filament knob clockwise)

Fig. 2 Relation between the filament heating

Fig. 3

temperature and the probe current when
the optical axis alignment has completed.

Change of the probe current when the
optical axis alignment is incomplete.

Set the filament current to near the
filament heating temperature point B, and
adjust the optical axis alignment knob so
that the probe current becomes the
maximum and that finally, the probe
current chauges as shown in Fig. 2.
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How to set the spot size?

IIl The condenser lens converges the electron beam generated from the electron gun to a fine electron beam. The knob for changing
the condenser lens is the “spot size”. When you decrease the spot size, the electron beam diameter is reduced and the probe

current is also reduced at the same time.

(1) When you need a photo at a high magnification, use a small spot size that is enough to confirm the image with the slow scan
(when you capture an image at the magnification of xX50,000, set the spot size at 8 to 9 o’clock).

(2) When you take a photo at a low magnification, you can obtain a clear image at a larger spot size. Normally, for the observation
of a secondary electron image, it may be enough to set the spot size at 12 o’clock.
However, if the specimen is damaged by the irradiation of the electron beam, use a smaller spot size.

(8) When you analyze elements or observe a backscattered electron image, normally use a larger spot size than that for a

secondary electron image.

Large

Electron-beam probe diameter

(Sot size)

Large
Probe current ———

Image becomes smooth ‘ ‘Resolution decreases ‘

Large

)

Probe current

‘Specimen damage is large ‘

—
I
‘High resolution can be obtained ‘ l

Small

‘Specimen damage is small ‘ ‘ Image becomes rough

Fig.1 Relation between the probe current and the electron
beam probe diameter.

Fig.2 Effect of the probe current.

Spot size
(Small)

Spot size
(Large)

Structure on the
specimen

A

The upper figures shows the scanning of the
electron beam.

The lower figures show the video signals
change corresponding to the variations of the
structure of the specimen. When the spot size
is small, you can obtain clear signal change,
making the contour of the structure clear.

=\
S !
N S S
Video S'gna'SEPmEF
- —
- ——

Fig.3
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Fig.4 Specimen: Ceramics
10kV X5,400
As you decrease the probe current, you can obtain a sharper
image, but the surface smoothness is degraded.
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How to distinguish charging?

E When you observe a powder sample or a biological tissue, sometimes you cannot take a fine photo because part of the image
becomes excessively bright or dark. The reason why such a phenomenon occurs is that there is a nonconductive part on the
surface of the specimen where the irradiated electrons are accumulated. This is called charge up.

When an anomalous contrast appears, judge whether this contrast is caused by charging or caused by the fact that the contrast is

simply high, in the following ways.

(1) The contrast (bright and dark) changes as time passes, and these changes depend on the scan speed of the electron beam.
Generally, charging increases more with the slower scan speed.

(2) In the case of strong charging, sometimes, bright and dark bands appear in the horizontal direction (scan direction) of the
screen, or an image shifts.

(c) 15kV Tilt0° X720

(b) 15kV Tilt0° X720

Fig.1 Specimen: Toner
The upper photo shows an example of a charged L
specimen, and image discontinuity and the variation of (b) 10kV o
brightness occur. The lower photo shows an example of
an uncharged specimen.

Fig.2 Anterior leg of drosophila.
By using a low accelerating voltage (upper photo),
charging can be reduced.
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Is it possible to observe a nonconductive specimen without coating?

IIl Although it depends on the material, shape and the tilt angle of the specimen surface, if you lower the accelerating voltage to
around 1 kV, you can observe the specimen.

(1) Because there is no conductivity in the specimen, prevent the charging by equalizing the amount of the incident electrons to the
amount of the secondary electrons generated from the specimen.

(2) The ratio of the generated secondary electrons (Is) for the incident electrons (Ip) is called the secondary electron emission
coefficient (6= Is/Ip). Figure 1 shows the relation between the secondary electron emission coefficient (8) and the accelerating
voltage (V). The accelerating voltage at which the amount of the incident electrons and the amount of the secondary electrons
are equalized depends also on the specimen and the tilt angle.

(8) Concerning the electrostatic charge, there are negative charges and positive charges.

The charge that occurs when the secondary electrons are emitted more than or less than the incident electrons is called a
positive charge or negative charge, respectively.

In the positive charge, the brightness in the observation region is reduced as you increase the magnification, but it returns to the
original brightness when you return the magnification to a low magnification.

In the negative charge, the opposite phenomenon occurs. Because charging occurs when the number of incident electrons and
the secondary electrons are not same, you can find the equilibrium state by observing the phenomenon and adjusting the

accelerating voltage.

Incident electrons (Ip)
Secondary electrons (Is)
Specimen
(a) 1.0kV Image W|thut charging because the charge
equilibrium is obtained. x3,200
. S 05>02>01
0o
ﬂ/ 03

S >

% % 02

%:Q o1

o5
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§ Z Vl V2

3 GE, When §=1, charging does not occur easily.

1,000 2,000
Accelerating voltage (V)
(b) 1.3kV Image with charging X3,200
Fig.1 Fig.2 Specimen: Resist

Charging is prevented by selecting an accelerating
voltage.

23



24

How to prevent the charging and take a fine image?

II' Make uniform conductivity over the specimen surface .

(1) When you mount a specimen on a specimen stub, adjust the amount of adhesive agent so that you do not make a part where it
is difficult to be coated (Fig. 1).

Poor Good
X O

Coating film
Specimen
Adhesive agent
Specimen stub
—

Because this part is difficult
to coat, you must seal this
part with adhesive agent.

(a) Adhesive agent is (b) Adhesive agent
not sufficient. is sufficient.

Fig.1 Fixing a bulk specimen on a specimen stub.

(2) When you perform evaporation using a vacuum evaporator, rotate and tilt the specimen so as to perform deposition from all
directions. For an extremely uneven specimen, make the specimen be sufficiently coated on the lateral side.

(3) For a specimen like cloth, even if you make a thick coating, some parts of the specimen might remain at a poor conductivity
(Fig. 2).
In such a case, sometimes, you can observe the specimen without coating by spraying an antistatic agent on the specimen.
However, this method is not suitable for high a magnification (less than a few 100X).

Fig.2 Evaporated film is not attached to the shadow parts.

(4) For a specimen like fine powder, do not accumulate the particles in many layers. Mount the powder on a specimen stub on
which an adhesive agent is applied. After the adhesive agent has dried, blow off the loose powder on the specimen stub using
an air blower such as a spray (Fig. 3).

Poor Good

X Particles O

Adhesive agent
Specimen stub
—

Fig.3 Removing the excess powder.
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(5) When you observe a string of the fiber of cloth or other materials, pick a few strings of the fiber, and arrange each string on a
specimen stub, the fiber does not charge easily.

’/////// — %Adhesive -

(a) String (b) Fixing the fiber

Fig.4 Fixing the fiber specimen.

(6) For a biological specimen, charging does not occur easily if you perform a prior conductive staining.
(7) If charging occurs in the first vacuum evaporation or sputter coating, sometimes, you can suppress the charging effect by
changing the specimen orientation and performing the vacuum evaporation or sputter coating two or three times.
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What is necessary to observe a beam sensitive specimen?

IIl To observe a beam sensitive specimen such as a biological specimen and a high-polymer material, you must pay attention to
several problems.

1. Generally, you are inclined to increase the irradiation current because the emission of secondary electrons is small.
2. Thermal conductivity is poor.
3. As a result, the electron beam irradiation density increases locally, at a high magnification, thus damaging the specimen.

By taking the problems mentioned above into consideration, the following cares are necessary in order to suppress the specimen
damage and take a good photo.

(1) Use a low accelerating voltage

At a high accelerating voltage the diffusion of the irradiation electron beam inside the specimen becomes large and the generation
of heat also becomes large. Furthermore, the generation of the secondary electrons due to the backscattered electron from the
inside of the specimen produce the background, causing various disadvantages such as that not only the fine structure of the
surface of the specimen becomes difficult to observe, but also the contrast due to the edge effect becomes strong and charging is
likely to occur.

Therefore, using as low an accelerating voltage as possible is recommended.

(2) Use a small probe current

When you use a large probe current to irradiate a specimen, the heat generated inside the specimen becomes large, increasing
specimen damage. In addition, charging also becomes large.

When you observe a specimen with a low yield of secondary electrons, you tend to increase the probe current, because the image
is difficult to see clearly, however, operating the instrument with as small a current as possible is a key point to reducing damage to
a specimen (with a small spot size).

You tend to use a large current at TV rate, use a slow scan, so that you can observe the specimen with a small probe current with
minor damage to the specimen.

(3) Protecting the observation point

When you find an observation point to capture an image, perform adjustments such as the astigmatism correction at another
position beforehand, and then return to the observation point and capture the image immediately and obtain a good result. It also
helps to protect a specimen by not increasing the magnification unnecessarily.

(4) If possible

Coating a specimen increases the generation of the secondary electrons, so that, enables you to observe the specimen with a
small probe current, and helps to protect the specimen. The coating improves the thermal conductivity of the specimen and lowers
the temperature of the specimen. Cooling the specimen is also effective.

(a) Without specimen damage (b) When the specimen is damaged

Specimen: Compound eye of a fly. Accelerating voltage: 5kV, Magnification:X1,100
When you irradiate the electron beam at one place on the specimen for a long
time, the specimen might be damaged as shown in Fig. (b).



Principle and How To Use the SEM

For a non-conductive specimen what is the difference between observation at a low
accelerating (at high vacuum) and observation in a low vacuum (LV)?

IIl (1) For the morphological observation low accelerating voltage in the high vacuum is most suitable.
Because the depth of the generation of secondary electrons is about a few nm and that of backscattered electrons is about a few
10 nm, a low accelerating voltage (near 1 kV) is suited for the morphological observation of the top surface of the specimen. For
organic material, in particular, if the accelerating voltage is high, the electron beam diffusion volume inside the specimen becomes
large, and information not only from the surface but also from the inside are mixed together. The low vacuum (LV) observation by a
backscattered-electron image, the accelerating voltage of about 5 to 15 kV is generally used.

(2) Use a low vacuum to observe a specimen that deforms in high vacuum.
When a liquid is in a specimen, the observable time in the low vacuum observation becomes long.

(3) When the surface morphology of the specimen is complex and hard to suppress charging, low vacuum is suited.
For a specimen with complex surface and hard to prevent charging even if you apply thick coating, the low vacuum observation is
suitable.

(4) For elemental analysis without coating, the low vacuum is suitable.
For elemental analysis, you need a sufficiently high accelerating voltage to excite the characteristic X-rays. When you perform both
observation and elemental analysis of the nonconductive specimen without coating, low vacuum is suitable.

‘ Conductive specimen ‘ ‘ Nonconductive specimen ‘

Y Y
4—{ With coating ‘ ‘

Without coating ‘

High vacuum

'

l

High vacuum

'

v

Low vacuum (LV)
observation

For the standard work

For the morphological
observation of a beam
sensitive specimen at a

v

For the observation and
analysis of a

nonconductive specimen

high accelerating voltage

[ | 1L eky Ki1.pee T 15kU 1} ede W

WD** =10mm With Au coating WD =10mm Without Au coating WD =10mm Without Au coating

Accelerating voltage: 5kV Accelerating voltage: 1kV Accelerating voltage: 15kV

Specimen: Volcanic lava Pressure: 30 Pa

Fig.1 Observation at high vacuum and high Fig.2 Observation at high vacuum and low Fig.3 Observation at low vacuum.
accelerating voltage. accelerating voltage.

U (K1) 08 »

**WD: Working distance (the distance from the bottom surface of the objective lens to the specimen)
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How to observe an out-gassing specimen?

(1) After embedding and polishing a specimen, you need to remove the embedding substance if you can.

(2) Among various materials for embedding commercially available, wood metal has small out gas. You can apply it when you need
a high vacuum such as when you use an FE SEM.

() If you cannot prevent the degassing from the embedding material, observation in the low vacuum (LV) SEM is recommended.
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How high the temperature rise of a specimen due to the electron beam irradiation during the
SEM observation?

The energy from most of the incident electrons that enter a specimen turns into heat. As a result, the temperature on a specimen at
the irradiation position of the electron beam increases, causing thermal damage depending on the specimen. The temperature rise

om (°C) at the irradiation point of the electron beam is given by Castaing et al.:

la-V .
om=1.14%x Cod (°C)
where
la:  Current absorbed by a specimen uA)
Accelerating voltage kV)

(
(
Thermal conductivity (4.24,cm, S, °C)
Probe diameter (um)

2 0O <

When the probe diameter is fixed on a specimen at 0.1um, the temperature rise becomes as shown in the graph below. In this
graph, the horizontal axis represents the thermal conductivity and the vertical axis represents the increase of temperature; and for
mica as an example, the increase of temperature at 10pA is about 5°C, 2°C and 1°C at 30kV, 20kV and 10kV, respectively.
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The thermal conductivity and the increase of temperature of the specimen.
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What is specimen contamination? How to reduce contamination?

IIl When you observe a specimen at a high magnification, sometimes, the image becomes blurred, or when you decrease the

magnification, the place you have observed appears darker compared with the surrounding part. This phenomenon is due to
contamination caused when hydrocarbon gas molecules in the vicinity of the specimen are polymerized by the bombardment of
the electron beam and deposited on the specimen surface. The reason why the image becomes blurred is because the surface
structure is covered with the deposited material, and in a severe occasion, the surface structure might appear double. The reason
why the image appears darker is that the deposited material covering the surface has secondary election generation lower than
that of the specimen (Fig. 1).

Fig.1 Specimen: ITO

This example shows that after scanning the electron beam for

a long time at the magnification of X36,000, the magnification

is lowered to X18,000 and an image is taken. Compared with
. x the clear portion in the peripheral region, in the central region,

5kv %18,000 the contrast is reduced and the image sharpness is lost.

Sometimes, the specimen contamination is attributed to the instrument, and at other times, it is caused by the specimen; but you

can reduce it by using a little ingenuity.

(1) Clean a specimen sufficiently using organic solvent. This method is effective in such a case as the specimen surface is stained
with oil and you need to replace the solvent to clean the specimen a few times, and finally heat the specimen to sufficiently dry
it.

(2) In order to sufficiently degas the organic gas from the conductive paste for bonding the specimen, heat the specimen at 60 to
100°C. Sometimes it takes a few hours to heat the specimen itself at about 200°C to completedy outgas. This method is
effective for a thermally stable specimen.

(3) It is also effective to heat a specimen at 110°C using the heating specimen holder in the specimen chamber of the SEM,
however, because specimen drift occurs, it sometimes takes a few 10 minutes until the thermal equilibrium is attained.

(4) You can reduce specimen contamination by installing a (optional) cold fin for preventing contamination in the instrument.

(5) When the photographing region A is determined as shown in Fig. 2, perform the astigmatism correction and adjust the focus at
the region B which is out side of the region A, and then return to the region A to take a photo.

Focus and astigmatism correction region: B

(Photographing region: A

Fig. 2 Change the place for performing the astigmatism correction and adjusting the focus from the photographing region.



Elemental Analysis

How to determine the exposure time of X-ray area analysis (mapping image)?

II| The mapping image consists of an aggregation of white dots. The greater the density difference of the dots between the portion
where dots are closely aggregated (portion where the concentration of the analyzed element is high) and the portion where very
few dots exist (portion where the concentration of the analyzed element is low), the better the contrast of the image becomes.
Therefore, the counting time (exposure time) is selected so that the density of white dots in the portion of high concentration
become sufficiently high.

(1) Although the X-ray pulse required for one pixel is one count, the time required to give one count for each pixel is different
depending on the counting rate of the X-ray of the analysis element. Therefore, the exposure time is calculated as follows.

For example, supposing that the pixel size on the photo is 0.2 X 0.2 mm, the total pixels of the photo (90 mm X 120 mm)
becomes 270,000. On the other hand, supposing that the X-ray counting rate at the portion where the analysis element is detected
is 1000 cps (count per second), the time (t) required to cover the total pixels of the portion becomes as follows.

t = Total pixels/X-ray counting rate = 270,000/1,000 = (sec)

Therefore, if the exposure time is 50 sec/frame, the multiple exposures of 270/50 = 5 times is required, and if it is 100 sec/frame,
the multiple exposures of about 3 times is required.

(2) Because the concentration difference is distinguished by the density of dots, the distinction of the concentration difference will
be difficult unless the concentration difference is more than 20 to 30%. For example, the specimen is a standard specimen of
cobalt (circular portion at the center) which is embedded in a brass (Cu/Zn alloy) holder. The X-ray intensity on the cobalt
specimen is 2000 cps.

The photo at the left exposes 100 sec/frame 1 time (2000 cps X 100 sec = 200,000 counts). From the practical viewpoint, this

photo obtains a sufficient contrast.

The photo at the right shows an example exposing 5 times with the same conditions (2000 cps X 500 sec = 1,000,000 counts).

This photo reveals that the density of white dots increases further to improve the contrast. To distinguish a delicate concentration

difference, line analysis is more suited than map analysis.

25KV #3IS

100 sec/frame 1 time exposure 100 sec/frame 5 times exposures
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How to reduced analysis volume in elemental analysis?

[ A | (1) The SEM normally analyzes a bulk material

Even if the diameter of the electron beam irradiating a bulk specimen is about 10 nm, the X-ray generation region is enlarged by
the size of area where the electron beam is diffused in the specimen, and it becomes a few cubic micrometers. Figure 1 shows
the electrou scattering calculated by the Monte Carlo simulation. Electrons diffuse in the specimen by gradually losing energy.

Figure 2 schematically shows the diffusion area D = Eo+d of the electron beam, and the area Zm+d where the electron beam

retains energy to generate charateristic x-ray of interest.

(2) With the theory mentioned above, when the density of a specimen and an accelerating voltage of electron beam are

determined, the method to obtain the analysis area Zm from the diffusion area D (Eo) is shown in Figs. 3 and 4.
(3) As an example, when you analyze a plastic (p = 1) at 15 kV, the analysis area becomes about 6 ym.

Fig. 2 Spread of the electron beam.

Density p(g/cm?)
05 1 5 10

Fig. 1 Diffusion of electrons.
By Drs. K. Murata, T. Matsukawa, and R.
Shimizu Osaka University.
Published in J. J. A .P. 10 (1971) 684
— Electron beam p=7.9
diameter d
T‘ N )
Electron beam = : --| i X-ray generation Exk=1.8kV | Ed=25kV
penetration depth | idepth Zm
: D(Ek)
D(Ek)=0.025um D(Eo)=2.1um
X-ray _ —
—generation—| Zm=(E0)—D(Ex)
D(Eo)+d Fig. 3 For example, when you measure Si

Ko in Fe at the accelerating voltage of 25
KV, the X-ray generation depth becomes as
shown in the figure above,

Zn = 21pum.

20

RUBBBE! CERAMICS
GLASS

WOOD PLASTIS Si Al TiGe FeCuAgPb Au

} Density of a specimen

Diffusion of electron beam

Fig. 4 Nomogram for deriving the diffusion area (refer to Fig. 3 for how to use).
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Fig. 5 Secondary electron images and the X-ray elemental maps of Mg and Al with diferent accelerating voltage.
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How to obtain good qualitative analysis by EDS?

IIl (1) Because the energy resolution is poor in EDS, peaks of different elements may overlap. The examples of the overlapping peaks
include the following cases.

1. When the Kline or the L line of an element overlaps with the K line or the L line of the element of adjacent atomic number
Ti-KB and V-Ka Fe-KB and Co-Ka
V-KB and Cr-Ka Co-KB and Ni-Ka
Cr-KB and Mn-K« Ni-KB and Cu-Ka
Mn-KB and Fe-Ka Cu-KB and Zn-Ka etc.

2. When the K line of a light element overlaps with the L line or the M line of a heavy element
Na-Ka and Zn-La
Si-Ka and Sr-La
S-Ka and Mo-La and Pb-Ma
Ti-Ka and Ba-La etc.

(2) When the overlapping is anticipated, judge the peak by watching the spectral lines with different energies. For example, you can
judge whether or not S-Ka overlaps with Pb-Ma by observing whether or not Pb-La can be detected by using a sufficiently high
accelerating voltage.

In addition, the intensity ratio of Pb-Ma and Pb-L« is determined if the accelerating voltage is given, so if you have obtained this
ratio using a standard specimen beforehand, you can estimate the intensity ratio of S-Ka and Pb-Ma by observing the peak
from the target specimen.

Pbs 25kV (Monday, March 07, 1994 11:46) Pbs 25kV (Monday, March 07, 1994 11:46)

cps cps
|Pb-Me Pb-Ma
150+ S-Ma
S-Ma
100
100
50
50—
Pb-La
Pb | .[
Pb Pb \"‘\\Pb Po Pb Pb |
7 Ot
5 10 15 5 10 15
Energy (keV) Energy (keV)

Example of an EDS spectrum analyzed at 25 kV
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Example of an EDS spectrum analyzed at 10 kV
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Major overlapping elements in EDS

Analysis X-ray in the left column and the interfering X-rays

Na—Kea (1.041keV)

—La (0.849keV)
Cu—La (0.928keV)
Zn—La (1.009keV)

Mg—Ka (1.254keV)

Ge—La (1.186keV)
As—La (1.282keV)
Tb I\/Ia 1.24 keV)

Al—Ka (1.487keV)

1.48 keV)

Si—Ka (1.74 keV)

Sr—La (1.806keV)
Ta—Ma (1.71 keV)
W |\/|a 1.775keV)

P—Ka (2.015keV)

(

(

(

(

o (
Rd La (1.694keV)

(

(

(

a (2.042keV)
Ir I\/Ia (1.98 keV)
Pt—Ma (2.051keV)
Au—Ma (2.123keV)

S—Ka (2.308keV)

Mo—La (2.293keV)
Pb I\/Ia 2.346keV)
2.423keV)

C1—Ka (2.622keV)

Ru La 2.558KkeV)
Rh—La (2.696keV)

K—Kea (3.313keV)

In—Le (3.287keV)
Cd—Lg (3.316keV)

Ca—Kp (3.691keV)

K—KS (3.589%eV)
Sb—La (3.605keV)
Te—La (3.796keV)

Sc—Ka (4.090keV)

Ca—Kp (4.012keV)

Ti—Ka (4.510keV)

Ba—La (4.467keV)
La La 4.651keV)

V Ka (4.952keV)

4.931keV)

5.414keV)

v KB 5.427keV)

Mn Ka 5.898keV)

Cr—Kp (5.946keV)

Fe—Ka (6.40 keV)

Mn—K 3 (6.490keV)

Fe—Kp (7.057keV)

7.477keV)

Co KB 7.649keV)

Cu Ka 8.047keV)

3 (8.264keV)

o
(
(
Co Ka (6.930keV)
o
(
(

Zn—Ka (8.638keV)

(
(
(
(
o
(
(
(
(
(
(
(
Sn—Lp (3.662keV)
(
(
(
B
(
(
(
(
(
B
(

Cu KB 8.904keV)
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How to perform quantitative analysis?

IIl The ratio of the characteristic X-ray intensity from a test specimen to the characteristic X-ray intensity from a standard specimen is
called relative intensity.
The region of generating X-rays depends on the average atomic number of the constituent elements in the specimen. In addition,
the X-rays generated inside the specimen undergo absorption, excite other elements to emit florescent X-rays, or cause other
phenomena.
Therefore, in order to obtain precise quantitative analysis it is necessary to apply the atomic number correction (2), absorption
correction (A) and the florescence correction (F) to the relative intensity.

1) Measurement of the standard specimens 2) Measurement of the test specimen
X-ray X-ray X-ray X-ray intensity
intensity intensity intensity
Isa Iss Isi lua, lug, -, lui
Standard specimen| [Standard specimen Standard specimen Test specimen
Element A Element B Element i
Let the X-ray intensities from the standard specimens (A, B,:**,i) be (IS, Iss,***, Isi). Let the X-ray intensities from the elements (A, B,-**,i)

of the test specimen be (lua, lus,*-, lui).

3) Correction calculation

Relative intensities Atomic number correction (Z)

) X < Absorption correction (A)
lua lus . lui .
Element A=--- Element B="1ss """ Element =s Florescence correction (F)

AL

4) Result (weight concentration)

The items you must pay attention to when you perform quantitative analysis are as follows.

(1) The composition in the specimen is homogeneous in the analysis area.

(2) The specimen surface is flat.

(8) The incident electron beam is perpendicular to the specimen surface.

(4) The accelerating voltage, electron beam intensity and the X-ray take-off angle (the height and tilt of the specimen) are constant.



Elemental Analysis

What is the accuracy of quantitative analysis in elemental analysis by EDS?

(1) Generally, quantitative analysis is performed by comparing the characteristic X-ray intensities from the standard specimens with
those of the test specimen. Because the energy resolution of EDS is about 10 times poorer than that of WDS and because it is
difficult to remove the background caused by the continuous X-rays, the accuracy of EDS quantitative analysis is influenced by
whether or not the overlaps of spectral peaks can be well separated. In particular, when the content of an element is less than 1
to 2%, in particular, the accuracy of the quantitative analysis might become poor.

(2) In EDS, there is a method of obtaining the relative intensities by storing the spectra (or theoretically calculated values) from the
standard specimens into the memory and comparing the spectrum from the test specimen with them. For the elements with the
content of 1 to 2% or more, the accuracy of the content becomes the same level as that obtained by EPMA.

(8) The advantages of the quantitative analysis by EDS are as follows.

1. You can carry out the measurement in a short time because all of the constituent elements are detected at the same time.
2. The damage to a specimen is small because you can measure the specimen with a small probe current compared with that
required in WDS.

(4) In the EDS analysis software for cold FE SEM, there is a function to correct the variation of the emission current, so you can
obtain the same level of accuracy of quantitative analysis as that obtained using the thermionic gun SEM.

FE SEM analysis Difference from the wet analysis
Oxide Wet analysis
With correction | Without correction | With correction | Without correction
SiO: 64.30 64.70 64.65 +0.40 +0.35
Al:Os 19.90 18.97 17.97 -0.93 -1.93
Na:O 3.70 3.82 0.76 +0.12 -2.94
K:0 11.40 11.40 11.42 0 +0.02
Ca0 0.24 0.038 0.01 -0.21 -0.23
Total 99.54 98.92 94.81 -0.62 -4.73

Comparison of the weight concentration by EDS analysis with the wet analysis value (unit: %)
(Comparison of the values when the correction for the variation of the current is provided or not)
Specimen: Orthoclase Accelerating voltage: 15kV
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What is the difference between elemental analysis by EDS and by WDS?

[ A | (1) The features of EDS and WDS on SEM are shown in the table below.

Item WDS EDS
Measurable element range «Be 1o U*" 1Be to U™
essusrentmetnoa | Waenalh dspershe et | Enerey dipershe et o
Resolution Z\E - Oég eXV)1 o (Ex Z 1(;3.8 iv1 0% nm)
Measurement speed Slow Fast
Multi-element simultaneous measurement Impossible Possible
Damage and contamination of the specimen More Less
Detection limit 50 to 100 PPM 1500 to 2,000 PPM
X-ray detection per current Small Large

*1) For Be, an optional analyzing crystal is necessary.
*2) A detector that can detect elements from the light elements (from sB) is also available.

(2) Figure 1 compares the energy resolution and the P/B ratio of a typical EDS with those of WDS. In WDS, although the analyzing
crystal for use differs according to the element to detect, you can obtain one digit higher resolution and P/B ratio than EDS.

500 5000
460
S 200 EDS_
< c si_ @ _L—=-\i7n
g 100 = Cr F 1000
5 & < 3 TAP
£ 50 & o v o 500
> 40 & _ //I;e Zn B
g 30 (OY Ti Cr Ni 14 PET
S 20t & Fe o \ LIF
2 2 =
& 10 / A Ca Cr 100
c P 50
5
2 Al Ca EDS
3 N S
a
2 si
1 10
0 5 10 0 Mgaisl Ti®MnFe cu 10
Energy of X-ray (keV) Energy of X-ray (keV)
Fig.1a Comparison of energy resolution. Fig.1b Comparison of P/B ratio.

(8) Owing to the fact that WDS has higher energy resolution and P/B ratio, WDS is more capable to detect a trace element.
Figure 2 shows the comparison of two spectra by EDS and WDS obtained from a steel specimen including a trace Cr; a clear
peak is obtained by WDS and you can confirm the inclusion of Cr.

}

200cps LiF
20kV
— 180 100nA

- 4 160
B Fe-Ka 140

120
100
—1- - 80
- 60
i, { 40

0.26X Cr
1.15X Mn

Mn-~ :-'“

Cr-Ka
4

™

35 8.6 7 : t 20
! 0
Fig.2a Analysis of a low alloy steel by EDS. Fig.2b Cr analysis by WDS.
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Is it possible to analyze foreign materials in resin?

II| It depends on where the foreign materials are in a specimen.

(1) It is possible to analyze foreign materials if they are within the range (within a few pym) that the electron beam can reach.
It is necessary to expose foreign materials at a deep place.

(2) You can cut out a part of resin to expose foreign materials.

When foreign materials are scatted evenly in resin, you can also use the freeze-fracture technique in liquid nitrogen.

(8) When you analyze foreign materials, pay attention to its size. If the size is sufficiently larger than the diffusion region of the
electron beam, you can analyze it without doing special treatment; however, if it is smaller than the diffusion region of the
electron beam, you may detect the signals from the matrix material as well. It is necessary to judge the result by comparing it
with the analysis value obtained from only the part of the matrix material.

Impossible to analyze Electron beam

% Diffusion of the electron beam (a few x m)

/ Resin (matrix material)

\ Foreign
material

Possible to analyze

Cut away

/
\ Foreign
material

Fractured surface
in liquid nitrogen
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Other

How to do a stereoscopic observation using a SEM?

IIl It is well known that when you observe, two photos captured in the different observation directions, one photo by left eye and the
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other photo by right eye, you can get a stereoscopic impression; and because the SEM has a very large focus depth and can
change the observation direction using the tilt mechanism of the specimen stage, it is an instrument suitable for performing a
stereoscopic observation. Areas of concern when you actually perform a stereoscopic observation are as follows.

1. How much to tilt the specimen stage

The tilt angle difference normally used when you take two photos is about 5 to 10°. If you increase the tilt angle difference, the
stereoscopic effect is enhanced; and if you decrease the tilt angle difference, the stereoscopic effect is suppressed. Use a larger tilt
angle difference for a specimen with small irregularity and use a smaller tilt angle difference for a specimen with large irregularity.

2. How to reduce the field shift when tilting the specimen stage

A trick for this is to align the tilt axis of the specimen stage with the specimen surface as closely as possible. If an SEM has a fine
adjustment mechanism of the Z axis, use this mechanism. However, because the specimen you handle with an SEM generally has
large irregularity and the specimen height varies with respect to each field, the field shift occurs by any means. In such a case, after
taking the first photo, mark a target on the screen using a marking pen, and shift the field so that the target comes to the same
position when you tilt the specimen stage.

3. How to arrange the two photos

When you see the photos to get stereo scopic impression, place the left photo that was tilted so that you see it with your left eye in
the left side when you see the specimen with your naked eyes, and place the right photo that was tilted so that you see it with your
right eye in the right side. That is to say, place the image that was tilted in the right direction in the left side. If you reverse the
photos, the stereoscopic effect becomes reversed.

Align the direction of the tilt axis with the vertical direction correctly. When you rotate the image using the scan rotation unit, the tilt
axis does not match with the vertical or horizontal side of the photo, so you must pay attention to this fact. If the direction of the tilt
axis is misaligned, the stereoscopic effect might be faded.

Taking photos Observation

7 7
7 7
7 7
7 7
7 7
7 7

7/ 7/

/~— Specimen tilt angle @
After taking a photo at tilt A, Collimate the A and B tilt axes so as to
take another photo at tilt B. be parallel and arrange the photo taken

at the higher tilt angle in the right side.
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How to quantitatively measure the height difference on a specimen?

IIl There is a method for performing a three-dimensional measurement by using the intensity of secondary electrons or backscattered
electrons. Here, a method for making it by using the stereo-pair photos is described.
To perform a three-dimensional measurement, find the corresponding points in the two stereo-pair photos and measure the
distance from the reference point. As shown in the figure below, the height h of the point P (the height from the plane which is
perpendicular to the electron probe and includes the reference point) in one photo is given by the following formula,

h = p’/sing-p/tané

where, p is the length between P and O on the photo, p’ is the length between P’ and O’ on the other photo, and 6 is the tilt angle.
The line segments PO and P’O’ must be perpendicular to the tilt axis when the specimen is tilted. Also, because the height h
obtained here is only a height on the photo, to convert it into the actual length of the specimen, you must divide it by the
magnification. To increase the measurement accuracy, you must increase the angle 6, but when the surface irregularity is too
large, sometimes you cannot find out the corresponding points.

If you perform such measurements for not only one point but also many points, you can obtain the three-dimensional coordinates
for each point, and you will be able to make a three-dimensional display using an appropriate software.
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