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MIBL: Michigan Ion Beam Laboratory

In 2022, ~192 irradiations were 

conducted by 113 researchers 

working on 45 projects and using 

~5,713 hr of beam time. Zhijie (George) Jiao
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Cut-through of most “modern” in situ TEM ion 
irradiation configurations
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Ion Beam Systems ---
Two beam lines linked to:

– A 400kV NEC accelerator 
equipped with a Danfysik
Model 921 ion source can 
provide a wide range of ions 
(H+ to Au)  ions with energy 
20 keV ~1.6 MeV

– An Alphatross NEC ion source 
can deliver H and He ions in 
the energy range 5~30 keV

• Dual beam irradiation 
capability

• Remote control 

MiTEM is capable of in-situ single and dual beam 
TEM ion irradiations

Slide courtesy of K. Sun



TEM Specs---TF30 TEM/STEM
• Gun: Thermo-FEG, HT: 100, 200 and 300keV

• Operation modes: CTEM: 0.1 nm lattice 

resolution and STEM: 0.34 nm point-to-point 

resolution

• Cameras: 2Kx2K UltraScan Pre-GIF CCD 
and 2Kx2K GIF CCD

• Detectors: HAADF, ADF and BF

• EDS: EDAX Appolo 30mm2 SDD

• GIF: Gatan Continuum ER GIF---Dual EELS 

and STEEM SI and EFTEM SI 
• Holders: TF low dose DT (𝛼~± 70°, 𝛽~ ± 30°), 

DENS Wildfire DT and Modified Gatan 952 

DT (𝛼~ ± 30°, 𝛽~ ± 25°) Heating holders and 

two home made Faraday Cap holders and 

a modified Gatan 952 DT heating holder.

• Remote control
• AI/ML Enabled

EDS-PC

Ion beam-PC

Camera-Monitor

Ion column

S/TEM E-column

MiTEM is unique in the US as it is AI/ML enabled with in-situ 
S/TEM capabilities including EELS/EFTEM

Slide courtesy of K. Sun
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MiTEM users have access to both traditional heating holders and a MEMS 
based heating holder to cover a wide range of irradiation temperatures and rates

Ion beam-side of the DENS holder

1.8mm

2.5mm

Sample location

A modified DENSsolutions Double-tilt Heating Holder

• Temperature ~1300°C, Good for > 450 °C

• Tilt angle range: 𝛼 = ±30°; 𝛽 = ±25°

A modified Gatan 952 Double-tilt Heating Holder

• Temperature 

~1000°C; Good for 

<500 °C
• Tilt angle range: 

𝛼 = ±30°; 𝛽 = ±25°

Half was cut thinner

Slide courtesy of K. Sun



Gatan Continuum ER GIF:
• EF- BF, HREM and Electron diffraction patterns
• EELS, EFTEM and EFTEM SI

• STEM SI combined with the attached ADF 
detector

B-map C-map

N-map Mixed

MiTEM users have access to Gatan Continuum Imaging Filter (GIF) to perform high 

resolution chemical imaging when performing in-situ TEM ion irradiations

Slide courtesy of K. Sun



Microstructure Evolution of Nano-oxides in an ODS alloy –
Example of In-Situ EFTEM for Chemical Mapping
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Schematic of a real-time ML  
computing deployment architecture: 

Theiascope™

Microscope

Acquisition PC

Cloud Access

(OTA Updates)
Edge/Near Edge Device

LAN/WAN

Connection

TheiascopeTM

Software Suite

Video/Frame

Preprocessing

AI/ML Model

Inference

Data

Quantification

Time-resolved

Database

Data Export

(Firmware Updates)
*C.R. Field & K.G. Field, U.S. Patent Application No. 17/718,805



In-situ TEM irradiation of a FeCrAl alloy in 
MIBL-(MC)2

Results courtesy of K. Sun and H. Li (UM)



Early Dislocation Loop Formation in FeCrAl Alloys

2-Beam BF images showing the elimination of FIB damage then generation of radiation induced defect clusters in a model FeCrAl alloy 
irradiated by 1.2 MeV Kr ions at 320 °C with a damage level of (a) 0, (b) 1, (c) 2, and (d) 3 dpa, respectively. 

(a) (b) (c) (d)

Determination of critical dose to visible

dislocation loop nucleation in the model FeCrAl
using ML-based automated analysis

FIB-induced

damage recovery

Loop 

Nucleation
More details on Tues. at  
10:25 am in Blue Spring I!



A wide range of different ML techniques being 
developed for the same features

BUT! What model should
I use for my experiment?!



Just run all the models!



Microscope

Acquisition PC

Cloud Access

(OTA Updates)

LAN/WAN

Connection

*C.R. Field & K.G. Field, U.S. Patent Application No. 17/718,805
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Schematic of a real-time ML cluster 
computing deployment architecture: 

Theiascope-M™
Single 

Interface

for all

models



<1 hr from 

experiment to 

summary for 

paper!



Take aways
• MIBL & DOE-NE/NSUF have placed 

significant investments to form MiTEM, a 
modern, state-of-the-art in-situ TEM ion 
irradiation facility

• Key differentiators for MiTEM:

- Low cost- and hassle-free access for users

- Remote operation simplifies user 
experiences

- S/TEM capable microscope means both 
TEM and STEM-based experiments can be 
performed

- Multiple stages enable a wide range of 
temperatures and heating/cooling rates 

- Gatan Imaging Filtering enables in-situ 
chemical mapping (GSI-21-25126)

- Theiascope-X™ enables the most 
advanced real-time quantification system 
for nuclear materials



Thanks!


