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JAPANESE INDUSTRIAL STANDARD JIS K 0132 : 1997

General rules for scanning electron microscopy

1 Scope This Japanese Industrial Standard specifies general matters which are
needed when the morphological observation and analysis of micro spot on specimen
surface are carried out mainly owing to the secondary electrons using a scanning
electron microscope.

Remarks: The following standard is Normative reference to this Standard.

JIS K 0050 General rules for chemical analysis
2 Matters in common The matters in common shall follow JIS K 0050.

3 Definitions The definitions of main terms used in this Standard are as follows.

(1) scanning electron microscope: SEM Owing to the scanning two-dimensionally
on specimen surface by sharply focused electron probe, the microscope whose
fundamental function is shaping enlarged image using secondary electrons
obtained from the specimen.

(2) electron probe Electron beam which is the primary electrons emitted from an
electron gun unit, then focuses to be a couple of pm to 10 nm or less in diameter
by means of lens, and irradiates electrons on the specimen.

(3) specimen The substance which is the target of observation or analysis.
(4) emitter The substance from which electrons are to be emitted.

(5) primary electron The electrons which are emitted from an emitter and to be
irradiated on specimen.

(6) scattered electron The electrons scattered forwards or backwards when an
electron probe irradiates electrons on specimen.

(7) X-rays Electromagnetic wave in X-rays range (around 0.01 nm to 100 nm)
emitted from the specimen when electron probe irradiates electrons on specimen.

(8) electron gun By which electron beam is emitted.

(9) lens By which the diameter of electron beam is reduced (or enlarged). There
are two types of lens, one is using magnetic field, and the other electric field.

(10) secondary electron The electrons which have low kinetic energy level, out of
the electrons emitted from specimen when electrons are irradiated on the

specimen. Generally, it has 10 eV or less kinetic energy.

(11) detector By which the signal, outputted from specimen when electron probe
irradiated electrons on specimen, will be captured.

(12) anode The electrode set against an emitter in order either to accelerate
electrons released from the emitter or to drag them out from it.

(13) backscattered electron Among the scattered electrons, the electrons, with
high-kinetic energy, which are emitted from specimen and scattered backwards.

It has the same level of kinetic energy as that of the electron in an electron probe.

(14) cathodoluminescence Owing to the irradiation by electron probe on specimen,
the electromagnetic wave which has such wavelength as ultraviolet, visible, or
infrared region, emitted from the specimen. Documents
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(15) absorbed electron Among the scattered electrons, the electrons which have
lost energy and are absorbed in the sample.

(16) transmitted electron Among the scattered electrons, the electrons which have
transmitted through and been reledsed from specimen.

(17) elastic scattering When electrons are scattered by the collision with constituting
atoms in specimen, the scattering by which the total kinetic energy of the atom
or electron does not change before and after the collision.

(18) inelastic scattering When electrons are scattered by the collision with consti-
tuting atoms in specimen, the scattering by which the total kinetic energy of the
atom or electron changes before and after the collision.

(19) accelerating voltage Voltage value which is converted from the kinetic
energy of electron irradiated on specimen.

(20) specimen tilting angle The angle made by the normal line of specimen
surface and an electron probe.

(21) secondary electron yield The rate of the secondary electrons emitted by
primary electrons irradiated on specimen, expressed with the number of secondary
electrons per one primary electron.

(22) characteristic X-rays Among the X-rays, the X-ray which has wavelength
characteristic of the element in specimen.

(23) wavelength dispersive X-ray spectroscopy Spectroscopy in which X-rays
issued from sample are separated into spectral components by means of a
wavelength spectrophotometer equipped with a spectroscopic crystal.

(24) energy dispersive X-ray spectroscopy Spectroscopy in which the X-rays
generated from specimen are separated into spectral components by energy
selection using a detector generating electronic signal proportional to X-ray
energy.

(25) probe current The current found on an electron probe.

(26) magnification Magnifying ratio of the obtained image to the real dimension
of an object.

(27) objective aperture The diaphragm by which the opening angle of an electron
probe, passing an objective lens, is controlled.

(28) emission current The current generated by electron beam which has been
emitted from an emitter.

(29) specimen preparation Pretreatment of specimen for observation and analysis
by microscope.

(30) coating Treatment by which the surface of specimen is coated with conductive
material.

(31) fracturing Treatment by which specimen is fractured while preserving the
interior construction of specimen.

(32) fixation Treatment to preserve chemically and physically the shape and
construction of specimen.

(33) dehydration Treatment to displace the water in specimen with other liquid.

(34) astigmatism correction The procedures by which the electron probe,which
does not usually show right circle, is corrected to get right circle owing tﬁbﬁyments
a correction lens. Document Sharing Hub
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(35) charging effect Electrification caused mainly by primary electrons.

(36) working distance The distance between the end of magnetic pole and the
surface of specimen.

(37) scanning time Time for one cycle of scanning made by electron probe.
4 Apparatus

4.1 Construction of apparatus Scanning electron microscope is composed of an
electron gun unit, lens part, deflecting scanning device, room for specimen - stage for
specimen, detector device, air exhaustion device, power source - controlling part and
part for signal processing -image expression. Fig. 1 shows the fundamental construction
of apparatus.

(1) Electron gun unit System where electrons are produced. It is composed of an
emitter, anode and axis alignment device of electron gun. Generally, electrons
are accelerated by 50 kV or less. Electron guns are classified into thermionic
emission type and electric field emission type.

(2) Lens part This is the system for reducing the diameter of electron probe.
Usually, two or more steps of lenses made by magnetic or electric field are used,
and the lens facing on specimen is called an object lens and lens other than the
object lens is called a convergent lens (or condensing lens).

(3) Deflecting scanning device The system for deflecting electron probe, and for
making scanning on specimen.

(4) Room for specimen - stage for specimen The system composed of the stage
which can delicately move specimen and of the specimen room in which the
specimen stage is accomodated. In sample stage, the specimen is mounted for
morphological observation and analysis, and generally, the specimen is kept at
electric potential for earthing. There are such specialized apparatus, as equipped
with large-sized specimen stage and specimen room to observe a semiconductor
wafer with large diameter, or as capable of controlling vacuum of the specimen
room to be middle or low vacuum level (around 1 Pa to 2700 Pa). In some
apparatus, the specimen room may be equipped with not only the detector of
secondary electron but such attachments as the detector of reflected electrons,
detector of X-rays, or detector of cathodoluminescence.

electron gun unit

lens part power source - controlling device

deflecting scanning device

room for specimen - detector device part for signal processing -

stage for specimen image expression

air exhaustion device

Fig. 1 Example of construction of scanning electron microscope
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(5) Detector device The system where the signal as secondary electrons or
reflected electrons, which are generated owing to irradiation of electron probe on
specimen, can be captured.

(6) Air exhaustion device The system by which such main parts as electron gun
unit, lens part and room for specimen, are exhausted into vacuum. Some device
makes the electric gun unit correspond to super high vacuum exhaust.

(7) Power source - controlling device This device is broadly devided into high-
voltage power source - controlling device, power source for lens - controlling device
and power source for scanning - controlling device.

(a) High-voltage power source - controlling device The system which
impresses and controls the high voltage mainly on an electron gun, detector

for secondary electrons, cathode ray tube (CRT) for image expression.

(b) Power source for lens - controlling device The system which impresses
and controls the current and voltage on lenses.

(c) Power source for scanning - controlling device The system which
impresses and controls the signal for deflecting and scanning on the deflecting
scanning device.

(8) Part for signal processing-image expression This system is composed of
the circuit device where the electric signal sent from detector is amplified,
processed, and then outputted, and of the image expressing and recording part
which modifies that signal to construct image expression on as CRT. Some device
has function as selecting and indicating secondary-electron image, reflected-
electron image, or X-rays image, or as storing of images.

4.2 Conditions for apparatus establishment When the apparatus is established,
the following conditions shall be fully considered; space for setting up, power source -
earth, water supply and draining (water temperature, water pressure, flow rate,
etc.), high pressure gas (kind, pressure, flow rate, etc.), temperature - humidity, dust,
harmful - corrosive substance, direct sunshine, strength of floor, vibration of floor,
floating magnetic field (direct current, alternating current), noise, and so on.

5 Principle of morphological observation and analysis Scan two-dimensionally
on the surface of specimen with an electron probe, detect the secondary electrons or
reflected electrons caused by the interaction between specimen and electron beam,
form its enlarged image, and carry out the morphological observation on the specimen.
Generally, owing to this observation, the analysis spot on the specimen is decided.
Carry out the detection and spectral deflection of such as secondary electrons,
reflected electrons, X-rays, cathod luminescence, absorbed electrons, and transmitted
electrons, which have been generated correspondingly to two-dimentional spot on
specimen surface irradiated with electron probe, and the morphological observation
of specimen, measurement of dimensions, analysis of elements, analysis of defects,
and so on, can be practiced.

5.1 Interaction with electron beam and generated signals The primary
electrons irradiated on specimen are scattered erastically or inerastically by the
interaction with the atoms constituting specimen. Through this interaction, the
electrons such as secondary electrons, reflected electrons, or the electromagnetic
wave such as X-rays, cathodoluminescence, are emitted from the specimen surface.
These signals can be utilized as the information proper to the specimen. Fig. 2 shows
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the relation between the signals generated from specimen when the specimen is
struck by electron probe and the region where they are produced. Fig. 3 shows the
energy distribution of electrons that have emitted when the specimen is struck by
electron probe. In the figure, ordinate gives the number (N) of produced electrons,
and abscissa gives the ratio of the energy (E) of produced electrons to the energy (E,)
of the primary electrons. The electrons, which are fallen in low energy region A
where a couple score of eV is found, is called secondary electrons, and the electrons,
which are fallen in region B having the energy near that of incident electrons, are
called reflected electrons. The properties of main signals and their generating
process are as follows. Additionally, the absorbed electrons or transmitted electrons
through film specimen can be used as signals.

Electron probe

Reflected Reflected
electrons electrons
Characteristic
Characteristic X-rays
X-rays Secondary Secondary A
N, electrons electrons,”
. N '
AN ' e Vacuum
"-\ Specimen
Generating region of :
detectable secondary /
electrons|(several nm) y
Absorbed
—_ electrons
Absorbed
electrons

Fig. 2 Diagram of detected signal and generated
region by interaction between electron probe
and solid specimen
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Fig. 3 Energy distribution of released electrons to
the energy (E,) of the primary incident
electrons
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