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EXECUTIVE SUMMARY

This document briefly outlines the procurement and installation and commissioning of a high temperature,
high stability, dual-tilt heating holder produced by Protochips for use in ORNL’s LAMDA laboratory.
Specifically, the Protochips heating holder based on the Fusion platform was chosen due to its high
temperature, high stability capabilities as a result of a MEMS-based chip design. A system was ordered for
the FEI Talos scanning transmission electron microscope in LAMDA, and was delivered in Quarter 1 of
calendar year 2017 with installation complete in early March 2017. During the commissioning phase of
this procurement, specimens were successfully heated to temperatures in excess of 1200 °C. This specimen
rod is now available for performing heating experiments on irradiated materials in ORNL’s LAMDA
Laboratory.






1. INTRODUCTION

This brief report documents the procurement and installation of a Protochips Fusion (formerly Aduro)
high-temperature, high stability transmission electron microscopy (TEM) specimen holder that allows for
the high spatial resolution characterization of material specimens at high temperature in situ of an electron
microscope. This specimen holder was specifically procured for use with The FEI Talos F200X
Scanning/Transmission Electron Microscope (STEM) in Oak Ridge National Laboratory’s (ORNL’s) Low
Activation Materials Development and Analysis (LAMDA) Laboratory.

The Protochips Fusion holder will enable high-resolution structural and chemical analysis of irradiated
materials at high temperature, becoming a unique capability worldwide, and would encourage high-quality
in situ experiments to be conducted on irradiated materials.

1.1 Facilities and Resources
1.1.1 Low Activation Materials Development and Analysis (LAMDA) Laboratory

The LAMDA Laboratory is a world-class, multipurpose irradiated materials science facility for evaluation
of materials with low radiological threat. It consists of four laboratory suites containing specialized
instruments for materials testing and characterization. The LAMDA facility typically allows for the
examination of low or no radioactivity samples (<100 mR/hr at 30 cm) without the need for remote
manipulation. The preparation facilities for small and compact samples allow researchers to leverage
cutting-edge characterization and testing equipment for studying radiation effects in materials. The most
commonly conducted work includes mechanical testing, optical and electron microscopy, atom probe
tomography, densitometry, metallography, thermal and electrical conductivity. New or infrequently
performed activities are also possible with appropriate planning.

The LAMDA facility is utilized by several programs within ORNL’s Materials Science and Technology
Division, with primary emphasis on the evaluation of irradiated materials. Current programs include the
US Department of Energy, the Naval Reactor Advanced Structural Materials Program, the NE-Generation
IV program, as well as international nuclear companies and research laboratories. The LAMDA facility is
also a part of the ATR NSUF and hosts PhD and post-doctoral researchers on a routine basis.

1.1.2 FEI Talos F200X STEM

An FEI Talos scanning/transmission electron microscope (STEM) is located in the LAMDA Laboratory
suite of electron optical instruments. This microscope is specifically geared towards the structural and
chemical characterization of materials due to the integration of the FEI “SuperX” four- sensor, large
solid-angle X-ray detector combined with its high-resolution probe size down to 1.6 A. Furthermore, up to
four different imaging signals can be simultaneously obtained using the high angle annular dark field, two
annular dark field, and one bright field detector (in STEM mode). Additionally, the Ceta ultra-fast TEM
camera (25 frames per second) is uniquely suited to capturing in situ experiments such as those that may be
conducted with the Protochips Fusion system.

This instrument is a world-class, atomic-scale structural and chemical characterization with unique
capabilities in order to conduct leading experiments on nuclear materials.






2. INSTALLATION AND COMMISSIONING

Following procurement, the Protochips system was delivered to ORNL in Quarter 1 of Fiscal Year 2017.
Successful installation of the system was performed during a site visit by a Protochips engineer on March
6™, 2017. The Protochips Fusion specimen heating rod is shown in Figure 1 along with a single pack of the
MEMS-based heating chips. A CD containing all of the calibration files for the individual chips in that
pack is also visible in Figure 1. At the end of the specimen rod that is external to the microscope, four (4)
electrical feedthroughs (not shown) are provided: two are used to apply the driving voltage for specimen
heating, an additional two feedthroughs are present (as standard from Protochips) for the addition of
electrical biasing capabilities in the future. External to the microscope (when in use) are a laptop computer,
a tilting controller, and a Keithley Voltmeter that are all shown in Figure 2. The laptop computer runs the
software that controls the temperature profile for the system; the tilting controller provides the user control
over the tilting in the § axis to +10 degrees of the specimen rod thereby providing double-tilt operation
capabilities that ensure orientations of interest can be accessed; the Keithley Voltmeter used to drive the
heating on the chip.
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Figure 1. Photograph showing the Protochips Fusion specimen rod and one pack of specimen chips.
Included in the pack of specimen chips is a CD containing the calibration files for each of the individual
chips.
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Figure 2. Photographs showing the Protochips Hardware integral to the operation of the Fusion
holder: a) the flight case containing all the hardware components showing the laptop computer used
to control the system, and the double tilt controller; and b) Keithley voltmeter used to drive the chip
heating (controlled by the laptop).

The first part of the installation process involved continuity checking of the electrical feedthroughs using
two specialist chips that came with the specimen rod. These continuity checks were passed with no
shorting observed. Following this successful passing, a specimen was prepared for imaging by dropping a
solution containing nanoparticles of Fe and Au onto a chip and inserting the chip into the Fusion specimen
rod. This was then inserted into the microscope and the system was checked for any vacuum leaks.

After checking for vacuum leaks, the system was connected together and the controlling computer and
software turned on. As can be seen from the screen capture shown in Figure 3, the software was working as
anticipated, and that all electrical connections were successful.



18 Protochips: Fusion 200V1.00 - o x

SYSTEM STATUS WORKFLOW -

@ Channel A Fusion End User Software Licens:

2500 > CA

SE

THESE TERMS AND
THE PURCH,

0 AND
NOTES |photo9 OPERATIONAL PROCEDURES OUTLINED THEREIN. IF YOU DO NOT AGREE
TO THESE T ND CONDITIONS, YOU WILL NOT BE ABLE TO USE
PROTOCHIPS' SOFTWARE.

A VIEW-

FEIEIFB TERMS AND CONDITIONS

User Name  Enter User Name Sefvice

1 Agree.

ALARM STATUS NOTIFICATIONS
System
@® Experiment

opped
Experiment is not unning

Figure 3. Screen grab from the controlling computer showing the “home page” of the controlling
software and that all system connections have been successful.

Following the success in vacuum leak checking and electrical systems connectivity, an experiment was
conducted on the Fe-Au nanoparticles. This experiment consisted of rapid heating to specific temperatures,
followed by holding at temperature for several minutes while recording images of the evolving
microstructure. The temperature profile of the experiment is shown in Figure 4, and select micrographs
recorded at various temperatures during the experiment are shown in Figure 5. As can be seen, rapid
heating and cooling of the specimen, and recording of images was achieved. It is important to note that the
micrographs were recorded at temperature, and very little shift due to thermal drift was noticed during the
experiment — this is very different to conventional experiments using standard heating holders in which the
thermal drift (and drift associated with the flowing coolant water) can be significant.
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Figure 4. Screen grab from the controlling computer showing the “home page” of the controlling
software and that all system connections have been successful.
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Figure 5. Bright-field transmission electron microscope images taken during the heating of Fe-Au
nanoparticles: a) room temperature, b) 300°C, ¢) 500°C, and d) 1200°C. Note that at 1200°C the film
of the heating chip has buckled. The chips that will be used for future experiments do not have this
film and as such it is anticipated that no such mode will be observed during future experiments.

It is also worth noting that the breakdown of the film due to the high temperature (as observed in Figure 5
d)) is a typical observation at these temperatures for the heating chips that are coated with a film. This type
of chip was used for the installation and commissioning of the heating holder, but other chips are available
and several packs of heating chips with no film were procured along with the holder itself. As a result, this
type of degradation is not expected in future LAMDA experiments.

In summary, a Protochips Fusion dual-tilt heating holder has been successfully procured and installed for
use with an FEI Talos scanning transmission electron microscope within ORNL’s LAMDA laboratory.
Development work is ongoing on the preparation of specimens from bulk irradiated samples based on
focused ion beam methods. (An initial route is presented below in §4.) This specimen holder is now
available for experiments through the NSUF.

3. Acknowledgments

The purchase of this specimen holder was made possible by funding from the Department of Energy’s
Nuclear Science User Facilities (NSUF) program, under Infrastructure award UF-170R020505. FEI Talos



F200X STEM provided by the Department of Energy, Office of Nuclear Energy, Fuel Cycle R&D Program
and the Nuclear Science User Facilities.

4. Useful Documentation

The document below is taken from the Protochips website! and outlines how focused ion beam (FIB)
specimens can be prepared from bulk specimens for use with the Fusion heating holder. This procedure, or
a modified version of it, is how specimens will be prepared for characterization of irradiated materials in
the LAMDA laboratory.

Thttp://www.protochips.com/
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