FCU ePaper

Feng Chia University
Outstanding Academic Paper
by Students

Title : TRANSMISSION ELECTRON MICROSCOPE (TEM)

Author(s): TSAI-CHEN HSIEH,

Class: 3rd year of Department of Material Science and
Engineering
Student ID: D0513682
Course: Surface Analysis
Instructor: Dr. Wei-Chun Lin

Department: Department of Materials Science and Engineering

Academic Year: Semester 1, 2018




TRANSMISSION ELECTRON MICROSCOPE

Abstract
In this paper, we introduce the transmission electron microscope (TEM). Including the
component of TEM and the limitations of TEM. By knowing the principle and the

limitation of TEM, we can use it for observed the morphology of our specimen.
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1.1 History

In 1897, J.J. Thomson discovered the electron and it will be deflected by magnetic
field.

In 1927, Davisson-Germer discovered electron diffraction.

In 1934, Ernst August Friedrich Ruska designed the first electron microscope.

1.2 Component of TEM
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1.2.1 Electron Gun

The function of the electron gun is to generate an electron beam, providing a high-
energy, sufficiently bright and stable light source. And there are some normal types of
electron gun: Thermionic Emission, Field Emission Gun (FEG) and Schottky FEG.

The comparison of electron gun:

Emitter type Thermionic  Thermionic  Cold FE  Schottky FE

Cathode materials w LaBg w ZrO/W

Operating temperature (K) 2800 1900 300 1800

Cathode radius (pm) 60 10 <0.1 <1

Virtual source radius (nm) 15,000 5000 25 15

Emission current density (A cm %) 3 30 17,000 5300

Total emission current (pA) 200 80 5 200

Brightness 10* 10° 2x107 107

Maximum probe current (nA) 1000 1000 0.2* 10

Energy spread at cathode (¢V) 0.59 0.40 0.26 0.31

Energy spread at gun exit (eV) 1.5-2.5 1.3-2.5 0.3-0.7 0.350.7

Beam noise (%) 1 1 5-10 1

Emission current drift (% hr™') 0.1 0.2 5 <0.5

Vacuum requirement (Torr) <10’ <10 <100 <10

Cathode life (h) 200 1000 2000 2000

Cathode regeneration (flashing)  Not required Not required Every Not required
6-8h

Sensilivity to external influence  Minimal Minimal High Low
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1.2.2 Electromagnetic Lens
There are four main form of lenes: Condenser lenses, Objective lenses,

Intermediate lenses and Projector lenses.

The condenser lenses is used to adjust the electron beam. The purpose of the
condenser lens is to focus the light onto the specimen. This lens is used to form the
beam and limit the amount of current in the beam and it is also used to control the
diameter of the electron beam.[1]

The objective lenses is the main lenses form of TEM. And it also is the place putting
the specimen. The structure of the objective lenses has divided into two parts, the
specimen is put in the gap between them.

The "intermediate lens" is placed between the objective lens and the projector lens.
The intermediate lens works in the following way. The intermediate lens changes
focusing position either on a diffraction pattern or a TEM image produced by the
objective lens by adjusting its excitation, and forms the magnified pattern or image on
the object plane of the projector lens. Normally, the intermediate lens consists of three
parts: The first part mainly selects focusing position, the second part magnifies the
focused pattern or image, and the third part mainly achieves rotation-free condition.[2]

Magnification in the electron microscope can be varied from hundreds to several
hundred, thousands of times. This is done by varying the strength of the projector and

intermediate lenses.

1.2.3  Aperture

The aperture may be fixed in size or variable in size. They can be inserted into the
electron beam path or removed, or moved in a plane perpendicular to the electron beam
path. Generally TEM has four sets of apertures.

The aperture placed behind the first concentrating lens mainly changes the size of the
electron beam and filters out electrons that are too far from the optical axis to increase
the quality of the electron beam---enhance coherence and reduce the energy dispersion
range.

The aperture (C2 aperture) placed behind the second condenser can change the beam
size and the far electrons, and the convergence angle of the specimen.

The aperture placed on the focal plane behind the objective lens, called the objective
aperture, is the most important aperture.

The functions of the objective aperture include: (1) filtering electrons that are too far

from the optical axis of the objective to improve the focus of the image; (2) improving
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the image contrast (3) selecting a direct electron beam or a single diffracted electron
beam to form a bright field image or a dark field image.

The aperture placed on the first imaging plane is called the selection aperture, and
the selection aperture is used to limit the analysis area.

The two apertures closest to the specimen are the most susceptible to contamination
and have a life time of one to two years.

1.2.4 Specimen Holder
The function of Specimen Holder is to load the specimen, insert it into the TEM,
and provide translation and tilting functions to move the analytically valuable area to

the center of the fluorescent screen.

1.2.5 fluoroscopic screen

The fluorescent screen is coated with a fluorescent substance (ZnS). When the
electron beam hits the fluorescent substance, the fluorescent substance is excited to emit
visible light, so that the electronic image or the diffraction pattern amplified by the
projector lens can be converted into a visible light image. In a TEM equipped with a
digital camera, the function of the fluorescent screen is to monitor whether or not the

maximum brightness is obtained during the adjustment.

1.3 Sample preparation
The TEM specimen is 3 mm. The following figure shows three common three

specimen formats:
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1.4 Imaging methods
The basic imaging principle of an electromagnetic lens is the same as that of an
optical convex lens, and can be expressed by the following formula without

considering the rotation of electrons in a magnetic field:

.1
fi

| =

fo:object distance
firimage distance
f:focal distance

Definition of Magnification:

fil fo

1.5 Calibrating the TEM

An accurate calibration of magnification, diffraction patterns and the relative
rotation between the two is critical in quantitative transmission electron microscopy
(TEM). Before attempting quantitative TEM analysis, a series of calibrations of the
individual TEU should be undertaken. For the magnification calibration of a TEM, the
general procedure is to take micrographs of standard samples with known spacings at
all magnification values accessible by that standard, Most standards are only suitable
for a specific magnification range. New types of calibration samples can now be made
with the technology of the semiconductor industry. One major advantage of this type
of calibration sample is that the sample can be self-calibrated to accuracies well
beyond the resolution of a TEM.[3]

2.1 Resolution

Due to the existence of the diffraction phenomenon, the image formed by the point
source passing through the lens is not a point but a disc. The resolution is the smallest
distance between the two discs that can be resolved. The smaller the distance, the higher
the resolution. The limit that the human eye can distinguish is that the center overlap
strength is 81% of the center strength of the disc. In TEM, the resolution is related to
the objective lens. The smaller the objective lens, the better the resolution, but too small
will make the Airy disc larger due to the diffusion effect.

Most suitable aperture diameter (r):
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d = 2af
11
a = 0.7723C}

31
Tmm = 0.914%c
2.2 Aberration
An electron microscope, like an optical microscope, cannot have an ideal lens.

There are some main types of lens defects are listed below.

2.2.1 Spherical aberration

The high-energy electrons passing through the edge of the lens are deflected at a
greater angle to focus closer to the lens. Therefore, after an ideal point source passes
through the lens, its image is no longer an ideal source, but a halo of the disc. In the
past, spherical aberration greatly affected the resolution. However, since 1998, TEM
has added a spherical aberration corrector. The spherical aberration is significantly

improved. So that the resolution of today's TEM can be as low as 1 angstrom.

No Aberration Spherical Aberration

2.2.1 Chromatic Aberration

Through high-energy electrons of the same lens radius, the lower energy is
deflected at a larger angle, so it is concentrated closer to the lens. This effect is caused
by the aperture. The smaller the aperture chromatic aberration, the lower the spherical
aberration. A balance needs to be found among the three. The following formula is the

minimum radius of an optical disc that is refracted by electrons of different energies:

o= cee(2)
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White Light

Minimum Blur Spot 3

2.2.3 Astigmatism
Focusing on different distances on different planes through high-energy electrons of
the same radius of the lens. This is a defect that must be adjusted to make high-

resolution images. It has now been improved with astigmator and computer programs.

2.3 Contrast
Image contrast is an important key to judging information.

2.3.1 Mass thickness Contrast
The contrast of the thickness is formed by the scattering of electrons. The larger the

atomic order, the smaller the proportion of direct electrons at a small angle and the
darker the image. High angle scattered electrons increase as the thickness of the sheet

increases.

2.3.2 Diffraction Contrast
Diffraction contrast: When the lattice plane and the electron beam are at an angle of
Bragg will occur a strong diffraction, and the number of electrons that generate strong

diffraction is relatively reduced, forming a darker region in the image.
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2.4 Component analysis

Let’s talk about the three main types of component analysis methods: fixed-point
analysis, line profile , and elemental mapping.

Fixed point can be use in both STEM and TEM methods. And the line profile which
is used with the STEM method is much better than the TEM does.

Due to TEM is unable to detect its component signals by image, and must rely on
other ancillary equipment such as energy disperser (EDS) and electronic energy loss
spectrometer(EELS).

3.Application Of TEM

Due to the advancement of TEM technology, TEM has been used in various
industries. For example, the LED industry, dynamic random access memory (DRAM)
and flash memory (NAND Flash Memory), etc. It can even overcome the unstable

state of the liquid under vacuum and detect the liquid sample.[4]

4.TEM image of LED
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