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SCANNING ELECTRON MICROSCOPE FACILITY FOR 
EXAMINATION OF RADIOACTIVE MATERIALS* 

J. R. Gibson"'' and D. N. Braski 

ABSTRACT 

An AMRAY model 1200B scanning electron microscope was 
modified to permit remote examination of radioactive specimens* 
Features of the modification include pneumatic vibration 
isolation of the column, motorized stage controls, improvements 
for monitoring vacuum, and a system for changing filaments 
without entering the hot cell. 

INTRODUCTION 

The examination of radioactive fuels and/or irradiated materials by 
scanning electron microscopy plays an important role in their development 
for energy systems as well as providing data for basic mechanisms 
involved in corrosion, radiation damage, fracture, etc. To conduct this 
type of work, one usually removes the microscope column from the control 
console and places it in a hot cell or glove box so that it can be 
operated remotely. A number of facilities utilizing this concept have 
been built at different laboratories and have operated successfully.*^ 
Alternatively, the column can be shielded and specimens loaded remotely 
from an adjacent hot cubicle.3 

This report describes the modification of an AMRAY 1200B scanning 
electron microscope (SEM) for remote operation and its installation in a 
hot cell at ORNL. The instrument will be used primarily for fractographic 
examination of materials that have been neutron irradiated and sub-
sequently mechanically tested. The facility was designed to handle 

*Research sponsored by the Office of Fusion Energy, U.S. Department 
of Energy, under contract DE-AC05-840R21400 with Martin Marietta Energy 
Systems, Inc. 

"fpiant and Equipment Division. 
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specimens having beta- gamma radiation fields as high as 100 rads. At 
present, the system does not have an energy—dispersive X-ray spectrometer, 
but one could be added in the future. In this report, the removal of the 
column and the details of its modification for remote operation are pre-
sented first, followed by a description of the changes and additions to 
the control console. Finally, modifications to the hot cell that permit 
operation of the SEM and also some remote maintenance (changing the fila-
ment) are discussed. 

MODIFICATION TO THE COLUMN 

Most of the modifications to the column (Fig. 1) were associated with 
the stage assembly used to manipulate the sample within the specimen 
chamber. Additional changes consisted of devices used to make mechanical 
adjustments to the column for alignment and imaging. Another important 
feature was mounting the column on a vibration isolation platform. 

The SEM was purchased with a Raith motorized macro stage. This unit 
provides motorized sample manipulation along X, Y, and Z axes plus unlim-
ited rotation and 90° tilt. It includes a power supply and a control 
keyboard. One feature is the "touch alarm," which instantly reduces the 
speed of any motor to about 1 rpm if the stage or specimen Is grounded to 
any portion of the specimen chamber or detector screen. Maximum speed of 
these motors is about 90 rpm, which permits various linear or rotational 
speeds of the sample depending on the gearing of the individual motion. 

Two potential problem areas inherent to the Raith stage are (1) That 
the drive motors have sufficient torque to destroy the drive shafts should 
the stage contact a mechanical stop and (2) That the stage must be manu-
ally held in position when the vacuum cycle is initiated. A statement 
relating to this first potential problem area is actually called out by 
the manufacturer (Raith). Both these problem areas are compounded when 
the unit is to be remotely operated, so appropriate modifications were 
made. 

The first problem of limiting the drive motors was solved by 
extending the use of the existing touch alarm feature. Limit switches 
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Fig. 1. Scanning electron microscope column. 
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consisting of beryllium-copper contact strips were simply positioned at 
the chosen limit of each motion except rotation (Fig. 2). These are tied 
In parallel electrically with the touch alarm so that when a limit is 
reached the particular drive motor will immediately slow down to a very 
slow speed and an audible alarm will sound. The details of installing the 
contact strips are shown in Figs. 3, 4, and 5. We have tested this system 
repeatedly and found that at this slow speed the drive unit will slip 
rather than destroy Itself if the chamber wall is contacted. 

The second problem involved positioning the stage assembly flush 
against t:he specimen chamber opening so that the vacuum cycle could be 
initiated. The approach was to incorporate a supporting fixture with 
rc'lers that travel on a track (Fig. 6). This is installed so as to align 
the stage assembly with the specimen chamber. The stage can now be simply 
rolled into or out of the specimen chamber with the cell manipulators. 

Additional modifications to the column include changes to various 
adjustments, the addition of vacuum gages, fixtures for handling the gun, 
and specialized sample holders. The external mechanical column adjust-
ments included filament alignment screws, aperture adjustment screws, and 
stage lock (see Fig. 1). These controls were replaced with "star wheel" 
devices that can be operated with the manipulators. An ion gage with a 
baffle to prevent light entry into the specimen chamber, a thermocouple 
pressure gage, and a manual vent valve were also installed on the chamber 
(Fig. 1). Manipulator grips were installed on the electron gun to permit 
its removal for filament changing (Fig. 7). This will be discussed in 
detail later,. Special holders (Fig. 8) were fabricated to accommodate 
several types of standard tensile and Charpy specimens used at ORNL. 
These fixtures plus the stage fixture receptacle were fitted with ball 
spring detents to eliminate the need for set screws for securing these 
items in place. 

The SEM column was installed on a Technical Manufacturing Corporation 
model 65-16166 pneumatic platform isolator to provide vibration isolation 
and leveling (see Fig. 1). The 760 by 560 mm platform, pneumatic piston 
assemblies, and SEM column together weigh 400 to 450 kg. These components 
are mounted on a single platform, which can be moved in and out of the 
cell by an overhead crane. 



Fig. 2. Motorized Raith stage with wires leading to beryllium-copper contact strips to 
limit stage travel. 
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Fig. 4. Plan view of specimen stage showing X, Y, T (tilt), and Z (height) limit strip locations. 
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Fig. 6. Specimen stage with rollers and L ack assembly. 



Fig. 7. Electron gun with manipulator grips and star wheel alignment 
screws. 
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MODIFICATIONS TO SCANNING ELECTRON MICROSCOPE CONSOLE 

The basic AMRAY 1200B control console (Fig- 9) was unchanged except 
for its separation from the SEM column and some modifications to the 
vacuum system controls. The SEM was purchased with interconnecting 
electrical wiring extended to approximately 6 m to permit separation of 
the column from the console by the cell wall. This lengthened wiring 
included the disconnects required to make the in-cell installation. A 
small cabinet occupied the position on the console table that had origi-
nally been filled by the column. The electrical controls for the vacuum 
system, which are usually attached to the column, were removed and 
remounted in this cabinet (Fig. 10). The controls included the vacuum 
selector switch, the pump relays, and a printed circuit board. 
Modifications to the vacuum control system include the installation of a 
flow switch on the diffusion pump to operate in the event that cooling 
water flow is interrupted (Fig. 11). The pneumatic isolation valve, 
actuated by a thermocouple pressure gage controller, isolates the vacuum 
system from the mechanical pump in the event of mechanical pump failure or 
any other cause of high fore line pressure. At the same time, the 
controller interrupts power to both the mechanical and diffusion pumps and 
requires manual reset. The vacuum gages that were installed include ther-
mocouple gages for the specimen chamber and the fore line pressure as well 
as an ion gage on the chamber. The SEM console will be encircled with a 
frame that will have movable curtains to darken the console operating 
area. 

HOT CELL INSTALLATION 

The SEM column is located in a cell that is nominally 3.3 m wide by 
1.8 m deep with 0.9-m-thick walls. The cell has two viewing windows and 
two sets of master slave manipulators. Also within the cell is a heavy-
duty manipulator, which is used to remove the electron gun from the cell 
so that the filament may be changed. Two penetrations in the cell wall, 
15 and 20 cm in diameter, allow electrical and vacuum lines to be con-
nected to the SEM column (see Fig. 12). All lines are secured to a 
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Fig. 9. Scanning electron microscope console installed outside hot cell. Glove box on left is 
used to change electron gun electrodes. 
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Fig. 11. Electrical schematic diagram showing loss-of-cooling-water protection, vacuum gages, and 
pump controls. 
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weighted bar and then looped to the column to minimize vibration. The 
mechanical vacuum pump is located outside the cell for easier maintenance, 
but it discharges its exhaust back into the cell. Diffusion pump cooling 
water supply and return, as well as compressed air for the isolation 
table, are supplied from outside the cell. Although most of the valves, 
controls, etc. are outside the cell for easier access, the column is posi-
tioned within the cell so that all the remaining controls and adjustments 
can be reached with the manipulators. 

Previous experience with SEMs indicated that frequent filament 
changing would be needed, so we proposed that some method be adapted to 
facilitate the procedure without entry to the cell. Our approach was to 
simply remove the electron gun from the column and transport it through a 
penetration in the wall to a glove box outside the cell, where the fila-
ment is changed manually (see Fig. 9). The gun is removed from the column 
with a motorized manipulator and placed into a cart on tracks running 
tLrctgh a cell wall penetration and transported into the glove box 
(Fig. 13). A new plug-in filament is mounted in the gun, and then the 
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PASSAGEWAY 

CELL 1A 

L 

Fig. 13. Mechanism for transporting the electron gun to the glove 
box outside the hot cell for changing filaments. 
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assembly is returned to the cell. The high-voltage cable is withdrawn 
from the cell along with the electron gun and does not need to be 
disconnected during the operation. 

SUMMARY 

An AMRAY model 1200B SEM was modified so that the column could be 
located in a hot cell and thus permit the examination of radioactive spec-
imens. Features of the modification include a pneumatic vibration isola-
tion table for mounting the column, motorized five-axis stage controls, 
limit switches and alarm to protect the stage movements, improved controls 
for monitoring vacuum, fail-safe devices to protect the system against 
power or water-cooling failures, and a glove-box system to permit filament 
changes without entry to the hot cell. The system also incorporated many 
modifications to allow for a number of adjustments on the column to be 
made remotely with the hot cell manipulators. 
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