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Abstract

Techniques

Houghton College is refurbishing a Jeol JEM CX-100 Scanning Transmission Electron
Microscope (STEM) for the study of thin metal films. The STEM is capable of SEM, TEM,
XRD, electron diffraction, and backscattered electron microscopy, up to 800,000X
magnification. A computer program will be developed to read the x and y raster and create

Transmission Electron Microscopy (TEM)

and manipulate digital images. To date, most of the work has been invested in restoring the TEM is useful for observing densities of structures Focused Electron Source
vacuum system and aligning the electron beam. and samples. A very thin sample is prepared (~ 102

nm). The electrons that pass through are spread out \/

and an image can be taken of the pattern (Figure 3). / Sample A \

The thicker and denser the sample the darker the / \
image will be. If the sample is too thick it will absorb / ‘ \
Screen

all the electrons.

Motivation

Figure 3: A Diagram of TEM: the beam travels through
An electron microscope has applications in physics, biology, and chemistry. It is useful for Scanning Electron Microscopy (SEM) the sampl and i projectd ont  srcen g
studying thin metal films. This particular microscope has several different imaging settings )
for different functions and specimens. The topography of thin metal films can be viewed and SEM is used for mapping surface structures and Focused Elegtron Source
studied using backscattered electrons and SEM. TEM is useful for studying topographies of samples. The SEM sample does not Detestor
microsctructures, such as grains, grain boundaries, and interfaces. The image capturing need to be as thin as the TEM sample; however, for
techniques are now outdated, so it is desirable to create a way to view and store images on a maximum resolution the sample should not vary too
computer. much in thickness. The beam scans the sample in a — Reflected &
raster, and a sensor picks up the electrons and sends / \
out information regarding the intensity, which can be
converted into an image on a screen. Sample

Figure 4: A Diagram of SEM: the beam is
reflected off of the sample along a raster

I I Scanning Transmission Electron
o Focused Electron Source
® Microscopy (STEM)

STEM is similar to TEM, where the beam passes
through the sample. The beam is concentrated to a /

\7
) [/ \
very small area, and it makes a raster across the Sample
sample. The intensity of the transmitted beam is

HOW an EleCtron picked up by a sensor and converted to a pixelated

image. This technique allows for higher resolution or
M — W k higher magnification since the entire beam is
. . Figure 5: Diagram of STEM: the beam travels
lc I O S cop e O I S concentrated on a single point per sample. through the sample along a raster

Electrons vs. Photons

Detector

The electron microscope focuses Wavelength vs. Particle Type
electrons at a sample to be viewed and )

then spreads the beam out to display a Particle Approximate
magnified image on a screen or creates Wavelength (m) I

an image of reflected or secondary e % 1077
electrons from scanning the beam

across the sample in a raster. Photon (ultraviolet light) 1x 108 or 109
Secondary electrons are knocked off of Electron (80 kV) 1% 1012

atoms when struck by beam electrons.
The advantage of electron microscopy
over light microscopy comes from the
wavelengths of electrons and photons.
Error is proportional to wavelength, so
typically maximum resolution is about
half the wavelength of the particle.
According to Figure 1, high energy .
electrons have a significantly shorter &cFilament N
wavelength than UV or visible light
photons, which allows for higher

resolution, nearly to atomic scale. Condenser
Lenses & &

Figure 1: A chart of the wavelengths of light waves and energized electrons

Image Capturing

)
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Old Method

Using SEM, a sensor located above the specimen collects information about the
intensity of the electron reflection/backscatter and sends the signal to a closed

Vacuum peripheral box with a screen at the bottom end and a Polaroid camera at the top
: : : — See figure 2, lower right). A picture is taken of the image on the screen.
In order to provide effective resolution, a\ ( 5 ’ ght). Ap 5
the microscope must be evacuated to a New Method
high vacuum (~10° torr). Electrons Electbn o . .
interact with air molecules, so reducing | Specifically for SEM, I will redirect the output from the sensor to a computer
the density of the air in the beam path Miotder input. I will write a program to take the intensity data from the sensor and make
reduceg interactions, imprqving High Voltage = == a 2D raster to dls.,play an image of the sample. From there I will be able to
resolution. These electrons are highly Power Supply E = =] manipulate and print the images.
energized, and glso need a high vacuum P = == o
to prevent arcing from the filament | Objective, Camera
7 Diffusion, & —
(cathode) to the base of the gun i Projector Lenses
chamber (anode). From Figure 2, the
high vacuum is achieved with a coupled Backing Pump R o—
pumping system consisting of a rotary
vane pump (backing pump) and one or O /i\ Film Camera k Focused Electron Source
two diffusion pumps with water-cooled
baffles. Sersen, Detector
Figure 2: A diagram of the Jeol CX-100 STEM CZ\
- Input signal; .
EleCtromagne tic Lenses / Backscattered e § utput x,y plot;
. . / / I’ ] \\ \\){\ \\ \\ _\_
An electron microscope uses electromagnet lenses to focus electrons, since electrons B e e  ha—
accelerate in magnetic fields due to their charge (F = g¥ x B). The magnets are built as e e e e ——— e
coils in pairs. Electrons rotate through a magnetic field, so a second magnet is necessary to Sample
correct the rotation. Magnets always act as convex lenses, so a pair of lenses with opposite
current will correct rotation but preserve focusing.

Figure 6: from left to right, scanning a sample using a raster; a graph of the output of the e- detector;
a representation of a program designed to render images from the detector




