SEM Sample preparation
Most SEM samples only require some preliminary treatment before mounting for examination in the SEM.
The macroscopic sample size is dependent on the ability of the SEM stage and chamber to orient a sample. The largest sample for our 2 new Zeiss FEG SEM could be as the width 200 mm and height 25 mm. 
A big trouble for SEM Sample preparation is contamination, and in principle, all specimens could carry contaminants into the chamber. These contaminants might be part of the specimen, or caused by improper sample handling or storage techniques. Once present inside the chamber, these contaminants will cause trouble during SEM examination as shown in below figure.

Most of SEM Sample preparations are the same as that you learned from LM and TEM, which included sample cutting, embedding (especially for composition analysis), polishing, cleaning, drying and final mounting

Sample preparation for sensitive samples

For SEM diffraction contrast investigations, a normal specimen preparation results in a damaged surface layer, which could seriously hinders diffraction contrast emerging from the specimen surface. The appropriate methods should give the damage-free surface, which could be obtained by chemical etching or electropolishing or tether with ion sputter.
For non-conducting specimens, it has to use a suitable conductive coating (carbon or different metals). N.B. an inadequate coating would cause a reduction in X-ray intensity and consequently bad analytical results.
For uncoated non-conducting specimens to exam directly in the SEM, a careful consideration must be done for charge balance with the specimens, either in LVSEM or VPESEM modes, which will be discussed in details in the next sections.
SEM field emission electron guns (FEG)
In the FEG, a single crystal tungsten wire with very sharp tip, generally prepared by electrolytic etching, is used as the electron source as shown in below Figure. The tip axis is oriented to typical directions of the W single crystal, which can be divided into two types.
Cold field emission gun: operates at room temperature, and the emission of electrons purely depends on the electric field applied between the anodes and the cathode.  It provides the smallest Energy Spread, but with quite complicated operation procedures.

Schottky field emission gun: operates in elevated temperature. The elevated temperature reduces the absorption of gas molecules and stabilizes the emission of electron beam. 
The coated zirconium dioxide onto the tungsten tip further reduces the work function of the electrons from 4.6 eV to 2.48 eV.

The Schottky source is actually a thermionic emitter, but has similar characteristics to the cold and thermal ﬁeld emission sources. For our Zeiss FEG SEMs, use the Schottky-emitter (ZrO/W- cathode), work at approx. 1800 
The ideas for the low-voltage SEM (LVSEM)

As we learned early, the backscattered electron coefﬁcient η is strongly dependent on the atomic number of the specimen but the secondary electron coefﬁcient δ is not as shown in Figure (a). The total electron yield is a complex function of accelerating voltage, with a maximum between the crossover points E1 and E2 (around 1-5 keV) as shown in Figure (B). As η is almost independent of voltage, Figure (b) effectively represents the voltage dependence of δ. 

If the electron yield is exceed unity, then unless the sample is a conductor, it will tend to become charged during SEM observation. However as shown in Figure (b), by careful control of the accelerating voltage (close to E1 or E2), it can produce an electron yield of unity which will overcome (balance) this charging effect. In practice we prefer to use lower primary electron energy (close to E1) for a better resolution, which is generally known as low-voltage SEM (LVSEM).

LVSEM application at the EM Lab (continued)

Proteins on the Carbon Nano Tubes
This technique is used everyday for NTNU Nano research!
Variable Pressure Environmental SEM (VPESEM or VPSEM)
General Principles of VP-ESEM: Utilizing a Gas, i.e. the interactions of electrons in the gas and the subsequent formation of positive ion by-products, then the generated ions contribute to the compensation of the negative charge on the sample. In such a way, insulating specimens can be imaged without the need for a conductive coating under gassing or humid environments.

VPESEM technique began to develop since the 1950s. It is notable that the annual number of peer-reviewed journal publications has grown steadily over the past decade.

Schematic diagram shows the arrangement of zones and pressure-limiting (differential) apertures of the Zeiss Supra VPSEM at the EM Lab. By a differential pumping system which allows setting of a partial pressure of 1 - 133 Pascal in the specimen chamber, while preserving a high vacuum or ultra-high vacuum in the gun area and in  the beam path of the scanning electron microscope.  
The VPESEM image demonstrated clearly the nano-particles in the polymer. 
Even though the similar image could be obtained in conventional SEM, the conducting coating should be carried out first, which would make confusing with the nano particles in the sample. On the other hand, at LVSEM mode, it need to work at a larger working distance (WD).
Schematic diagram shows the scattering of an electron beam in vacuum and through a gas. 
In (a), the high-vacuum case, the primary beam is largely unscattered. 
In (b), where there are gas molecules in the chamber, some scattering occurs. There is still a sufficiently unscattered part of the primary beam to form a focused probe. 
If the pressure is much too high, as in (c), primary electrons are completely scattered (plural scattering) and do not form a focused probe 

VPSEM application

Compensation of charging effect in different SEM modes
A non-conducting sample in the Zeiss conventional SEM mode with strong charging, the beam is distorted, and high quality imaging is not possible.

The non-conducting sample in VPSEM mode with weak beam current, the charging effect can be completely compensated for, and imaging is easily possible.  

Signal output of our Zeiss SEM VPSE detector as a function of the set chamber pressure
All three below images were generated at the same scan rate and the same values for brightness and contrast. Only the pressure inside the specimen chamber was different. 

Pressure 10 Pa is too low; the signal output of the detector is very low

Higher signal output at 20 Pa  
Significantly higher signal output at 30 Pa, better contrast

Secondary electron image (a) shows the presence of contamination due to imaging in high vacuum (large dark rectangle). As shown in (b), in VPESEM mode, it can remove the presence of contamination in (a) (small bright rectangle). 

Silver oxide ceramic imaged using water vapor with pressure p = 40 Pa (0.3 torr). Primary beam energy E0 = 5 keV. Horizontal ﬁeld width = 11 µm. 

Low and high magniﬁcation images to show charge-related contrast in the mineral gibbsite Al(OH)3. Imaged in water vapor with pressure p ∼ 150 Pa (1.1 torr). Primary beam energy E0 = 30 keV. A thin layer of carbon coating immediately suppresses the effect (left-hand side of each image). Horizontal ﬁeld widths = 2.2mm (left) and 200 µm (right), respectively.

Secondary electron images of ice cream obtained at a temperature of -95 ◦C and imaged using nitrogen gas, pressure p = 93 Pa (0.7 torr). Primary beam energy E0 = 5 keV. Horizontal ﬁeld width = 200 µm. 

Images of the surface of iron obtained following an in situ experiment using the heating stage shown in Figure 6.16. The effect of oxidation in water vapor is shown in (a) while the effect of reduction in hydrogen/carbon monoxide is shown in (b). In (a) the formation of an oxide layer is found to depend on the underlying grain structure, with the layer being thicker at the grain boundary. Horizontal ﬁeld width = 45 µm.

Viewing water droplets condensed in situ along the side of a bulk substrate of polystyrene (a) and silicon (b). Horizontal ﬁeld width = 70 µm in both cases. 
Schematic diagram depicting the measurement of a contact angle for a solid–water–air system on a ﬂat surface. 
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