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Fig.1: (a) Structure of a 3D filamentary TaOx memristor, with the layer material and thickness from an experimental device. (b) Simulated 

current-voltage hysteresis for a triangular voltage sweep. 
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Carrier transport in wide band gap semiconductor alloys (e.g. InxGa1-xN) and their 

nanostructures is strongly affected by nm-scale band potential fluctuations. The nonuniform 

cation distribution forms deep potential minima [1] and may cause strong localization [2], 

which has a large impact on carrier recombination and diffusion, especially that of holes. As a 

result, the hole diffusion length may be <100 nm, which can hardly be measured by electrical 

techniques. In this work, we present a method that allows measuring such small diffusion 

lengths, their anisotropy and spatial variation. The method is based on photoluminescence (PL) 

mapping performed with the help of scanning near-field optical microscopy (SNOM) 

simultaneously in several modes [3]. These modes include time-integrated and time-resolved 

PL in illumination-collection (IC, PL excitation and collection through a probe) and 

illumination (I, probe excitation, far-field collection) modes. In the IC mode, the PL intensity 

is determined by the carrier recombination and out-diffusion from under the probe, in the I 

mode - just by the recombination. Comparing PL intensity maps taken in both modes allows 

evaluating the diffusion parameters. The crucial point for a correct evaluation is the knowledge 

of the spatial variation of the radiative and nonradiative recombination times. 

The method has been demonstrated on an example of a nonpolar m-plane 8 nm In0.15Ga0.85N 

quantum well grown on GaN substrate. The recombination times were evaluated from mapped 

PL transients. The lifetime maps were used to calculate PL intensity maps. Diffusion parameters 

were extracted by minimizing the difference between the calculated and measured IC and I 

mode maps. Ambipolar diffusion coefficients Dc = 0.21 cm
2/s and Da = 0.84 cm

2/s for directions 

parallel and perpendicular to the wurtzite c axis were obtained. The strong diffusion anisotropy 

is assigned to the anisotropy of the top-most valence band. 
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Fig.1: (a) Schematic representations of the gated Hall bar devices fabricated on 28Si and (b) An optical micrograph of a gated multi terminal 

Hall bar device fabricated on 28Si are shown. 

 

 
Fig.2: Magnetoresistance 2  (right-axis) and Hall resistance 2  (left-axis) measured for the device fabricated on natural Si substrate 

are shown. Note that the device on nat.Si and 28Si are fabricated on the same Si substrate. Therefore, both have the same processing history. 
  

 
Fig.3: Magnetoresistance 2  (right-axis) and Hall resistance 2  (left-axis) measured for the device fabricated on isotopically enriched 
28Si epi-layer are shown. 
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Recent demonstrations on manipulating antiferromagnetic (AF) order have triggered a growing 

interest in antiferromagnetic metal, and potential high-density spintronic applications [1] 

demand further improvements in the anisotropic magnetoresistance (AMR). The 

antiferromagnetic semimetals (AFS) are newly discovered materials that possess massless 

Dirac fermions that are protected by the crystalline symmetries. In this material, a reorientation 

of the AF order may break the underlying symmetries and induce a finite energy gap. As such, 

the possible phase transition from the semimetallic to insulating phase gives us a choice for a 

wide range of resistance, ensuring a large AMR. To further understand the robustness of the 

phase transition, we study thermal fluctuations of the AF order in AFS at a finite temperature. 

For macroscopic samples, we find that the thermal fluctuations effectively decrease the 

magnitude of the AF order by renormalizing the effective Hamiltonian. Our finding suggests 

that the insulating phase exhibits a gap narrowing at elevated temperatures, which leads to a 

substantial decrease in AMR. We also examine spatially correlated thermal fluctuations for 

microscopic samples by solving the microscopic Landau-Lifshitz-Gilbert equation, finding a 

quantitative difference in the gap narrowing effect from that of the macroscopic sample. For 

both cases, the semimetallic phase shows a minimal change in its transmission spectrum, 

illustrating the robustness of the symmetry-protected states in AFS [2]. Our finding may serve 

as a guideline for estimating and maximizing AMR of the AFS samples at elevated temperatures.  
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We investigate different back-gate dielectrics to improve the traditionally slow response time 

of high-responsivity graphene quantum-dot photodetectors. The combination of high-mobility 

graphene with photo-active semiconductor quantum dots produces size-tunable optical 

detectors with a photoresponsivity as high as 108 A/W [1]. However, these responses are 

typically limited to response times greater than a second due to charge traps at the graphene 

quantum-dot interface and large quantum-dot relaxation times [2]. We show that a graphene 

quantum-dot device fabricated on a 50nm aluminum oxide (Al2O3) dielectric achieves response 

times lower than 600 milliseconds, and is considerably faster than a similar device on 300nm 

silicon dioxide (SiO2) that possesses a response time greater than 5 seconds.  

Two similar graphene quantum-dot devices are fabricated with different back-gate dielectrics 

as shown in Figures 1 and 2. After the graphene deposition and titanium-gold metallization, 

1200nm lead sulfide (PbS) quantum dots with ethanedithiol (EDT) ligands are spincoated onto 

the devices. The devices are illuminated with a 405nm (100pW) laser source and the 

photocurrent is measured. Figures 4, 5, and 6 show a significant increase in speed when the 

Al2O3 sample reaches -5V. We believe this is due to trap-assisted tunneling occurring in the 

Al2O3 interface. Due to Al2O3ôs higher dielectric constant compared to SiO2 (‐  = 9.5, 

‐ = 3.9), it has been shown that the increased polaronic interaction produces a higher number 

of carrier traps [3]. This phenomenon in addition to the Al2O3ôs reduced thickness allows the 

back-gate voltage to induce vertical tunneling through these intermediate traps, and expedite 

quantum-dot relaxation. This is supported by similar drain-to-source current (Ids) and gate 

current (Ig) responses in the Al2O3 sample when subjected to incident light in Figure 3. Further 

efforts aim to fully characterize the impact different dielectrics have on improving response 

times of these high-responsivity devices.    
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Fig.1: Schematic illustration of in vivo detection 

of tumor tissues using a spin-LED, a CP emitter, 

and a spin-PD, a CP detector. These devices are 

supposed to be integrated into an endoscope that 

is shown on left- top side of the figure.  

Fig.2: Micrographs of the phantoms for 

(a) non-cancerous and (b) cancerous 

tissues. (c) Polarization spectra of 

scattering light for (blue) non-

cancerous and (red) cancerous 

phantoms, when the left circularly 

polarized light is impinged on samples 

at 45¯ from the normal.  

Fig.3: (a) A photograph of a sliced 

murine tissue of liver metastasis. 

Blue and red circles show focus 

points in non-cancerous and 

cancerous parts, respectively. (b) 

Polarization plots of scattering 

light on the Poincar® sphere. 

Colored plots correspond to 
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