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List of illustrations: 

Figure 1. Schematic of photo-induced phase transitions in complex systems under strong light 

intensities. 

Figure 2. Schematic of the cryogenic microwave microscope and photo of the completed setup. 
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Statement of the Problem  

The objective of this DURIP award is to develop a cryogenic microwave impedance 

microscope (MIM) with broadband and pulsed laser illumination for the study of phase transitions. 

Different from the thermally driven phase transitions, the photo-induced phase transition 

illustrated in Fig. 1 is initiated by the photo-excited carriers that redirect the system to a new stable 

or metastable phase. Owing to the intricate interplay among disorders, electron-electron 

interactions, and competing orders, electronic inhomogeneity with different spatial configurations 

is ubiquitously observed in semiconductors, complex oxides and other functional materials. Before 

our work, however, mesoscopic phase separation has not been addressed for the light-driven phase 

transitions observed in advanced materials. It is our goal to combine the MIM with nanoscale 

imaging capability and laser excitation to study the microscopic details of these processes. 

This program is the continuation of a prior DURIP Grant # W911NF-16-1-0276, which 

allowed the PI to obtain an optical table, cryogenic stepping/scanning stages, and MIM electronics. 

With the current support, we have acquired the remainder of the setup, including a professional 

scanning probe microscopy controller, a number of CW and pulsed lasers, a white-light source, 

and various optical components. The system is now fully up and running in the PI’s laboratory. 

The MIM is a powerful technique to spatially resolve the mesoscopic (10 ~ 100 nm) electrical 

properties without the need of contact electrodes. This novel apparatus will be the first scientific 

instrument that offers mesoscopic conductivity information with CW or pulsed laser excitations 

under variable temperatures (10 – 300 K). The research to be conducted based on this platform 

will provide significant amount of new knowledge on many advanced materials that are important 

for military applications in photo sensing and data storage. 

 

Summary of Key Results 

Fig. 2a illustrates the configuration of the cryogenic light-stimulated MIM setup. A photo of 

the completed system is shown in Fig. 2b. Specifically, we have acquired the following 

components for the proposed experiments. 

a. A professional scanning probe microscopy controller Nanonis BP5 from SPECS Surface 

Nano Analysis GmbH. 

b. A wavelength-tunable light source TLS-55-X300 and peripheral optics from 

ScienceTech Inc. 

c. A set of CW and pulsed laser sources and controllers from Thorlabs. 

Fig. 1. Schematic of the photo-

induced phase transition in complex 

systems, where the system is 

redirected to a stable or metastable 

by photo-generated carriers. 
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d. Piezoelectric positioning stages and other optical components (high-NA objectives, high-

end CCD camera, mirrors, lenses). 

e. Other electronics (lock-in amplifiers, microwave components, etc). 

 

Fig. 2. (a) Schematic of the low-temperature MIM system with CW/pulsed laser stimulation. (b) 

Photo of the system currently under final construction and testing. 

The PI’s lab has been renovated to accommodate the requirement of laser optics for this 

system. We started to integrate all components earlier this year and the system is fully functional 

at the time of this report. The first experiment using multiple diode lasers to study the energy-

dependent photoconductivity of a monolayer-bilayer WSe2 heterostructure is completed. A 

manuscript is being prepared to disseminate the results. Another exciting experiment to investigate 

the carrier diffusion in 2D materials is currently in progress. Other innovative experimental 

investigations enabled by this instrument in the near future (3 ~ 5 years) include: 

 Nanoscale coexisting phases in chalcogenide glasses. The new instrument will allow us to 

study the microscopic origin of phase transitions in these materials, which are attractive for 

rewritable data storage and photo-sensing applications. 

 Light-driven versus temperature-driven phase separation in transition metal oxides. If the 

sizes, shapes, and dynamics of the competing metallic and insulating states differ 

drastically in the two experiments, the result may imply very different physical 

mechanisms. 

 Spatial distribution of photo-induced hidden states associated with charge-density waves. 

By tracing the formation and melting processes in the real space, we expect to shed some 

light on the dynamics and possible phase competition in these materials. 

To summarize, thanks to the DURIP support, the PI’s group has constructed a new tool for 

probing light-driven phenomena in novel quantum materials at the nanoscale. The work will 

establish a new research direction and augment existing DoD programs at UT-Austin. The research 

is of fundamental importance for Army applications of photosensitive materials in future sensing 

and data storage devices. 




