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Figure 1. (left) Schematic representation of arrathin transitionmetal dichalcogenidéTMDC) stack on
reflective Au or Ag substrates. (righExperimenglly measured absaipn of WSe on Ag with varying
thickness of the WSdayer. Near unityabsorptions observed for WSdayer thickness as low as 8 nm and
maximum broadband absorption is observed for ~13 nm\W=® thicker samples the absorption start
reduchg in the blue part of the spectrum duéntreasingeflection.

Figure 2. (left) Schematicepresentationf a WSe/MoS, p-n heterojunction photovoltaic device stamk
reflective Au or Ag substrategs back contacts and graphene as a top conétitt) Experimenally

measured absatipn of the stack (blue) and External quantum efficiency (red) ekug&8% for 9 nm total
thickness of the active layer.
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Conductance and transconductance of devices A and B, and comparisothegith (a and c) Zero-bias
conductance of device A (=" nm, =5 nm, =5 nm) (a) and device B ( =" nm, =

8 nm, =, nm) (b) as a function of chemical potentialand magnetic fields inthe range 0-9 T. (b
and d) Transconductance /  shown as a function of and for device A (b) and device B (d). Each bright
band marks the crossing of a subband, and the white arrowind{tgtes the pairing field =1 T. The revealed
subband structures show remarkable similarity between these two dés)jcEiseoretical zero-bias conductance
curves, modeling device A, for a non-interacting channel as a fundtiba chemical potential and magnetic field.
(f) Corresponding transconductance/  as a function of and . Transitions have been broadened by a 65

meV-wide Lorentzian.
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Fig. 1: Compositionally graded core/multi-shell QDs. (a) Reaction
schematics (top), radial compositional profile (lower left), and approximate
band structure (lower right) of QDs with the 2-nm CdSe core radius, 7-nm
Cd.ZnySe shell, and <1-nm final ZnSeysSos layer. (b) In the case of a
uniform alloying (solid solution), the projected band gap (blue circles) is
strongly blue-shifted compared to the measured PL energy.

Fig. 2: The pump fluence dependence of the 1S emission intensity from optical measurements (red line) is
virtually identical to the dependence on current density observed in the electroluminescence
measurements (green squares) suggesting direct linear scaling between the average QD occupancy <N>
and current density, j (SN>= 7 1 j  where I = 0.45 cm? A™"). Given this relationship, the maximum QD
occupancy realized with electrical pumping is ~6 excitons per dot on average, which is above the
thresholds for both 1S lasing (<N> = 1.6; vertical black dashed line) and 1P lasing (<N> = 5.5; vertical
blue dashed line); corresponding lasing spectra are shown by black lines.
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Real-Time M easurements of Hydrogen Peroxide Uptakein 2D Cell
CulturesUsing On-Chip Microelectrode Arrays

Siddarth V. Sridharah® Jose F. River&® James NolaR Stephen Milord, Xin Jin! Sarah M.
Libring,®# Hannah R. KriscovicAMuhammad A. Alant® Jenna L. Ricku$3® and_David B.
Jane&®

1 School of Electrical and Computer Engineering, Purdue University, W. Lafayette, IN, US.
2School of Agricultural and Biological Engineering, Purdue University, W. Lafayette, IN US
3Welden School of Biomedical Engineering, Purdue University, W. Lafayette, IN US
“Dept. of Biomedical Engineering, Rutgers University, New Brunswick, New Jersey, US
Dept. of Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA, US
6 Birck Nanotechnology Center, Purdue University, W. Lafayette, IN US

e-mail: janes@purdue.edu

Amperometric microelectrode arrays (MEAS) can potentially measure analyte concentration
at multiple positions simultaneously, which should allow determination of transient gradients
induced by cellular uptake/release. While MEAs have been used to demonstrate concentration
profiles induced by artificial sources/sinks of analytes, their application to physiological
measurements, e.g. on 2D cell cultures, has been limited. Typical MEA geometries are not well
suited for measurements near cell culture geometries and sensitivity variability, including
electrodeto-electrode variability, make it difficult to obtain multi-point concentration values
with sufficient accuracy to allow calculation of gradients. This study focuses on the
development of on-chip amperometric MEAs ansitu transient calibration approaches to
allow measurement of transient concentration gradients near 2D cell cultures. The MEA
consists of a 1D array of electrodes fabricated near the edge of a silicon chip to facilitate
positioning in a typical 2D cell culture geometry and the calibration approach minimizes the
effects of sensitivity variability, thus allowing for determination of gradients and associated
fluxes based on concentration differences between adjacent electrodes. Building on prior
studies involving artificial sinks, hydrogen peroxi#02) consumption is studied in a 2D
culture of human astrocyte cells. Astrocytes, a type of glial cell in the central nervous system,
consume HO2 in order to protect neurons from the reactive species. Time-dependent
concentration profiles were measured at each of the electrodes in the MEA, and gradiesits/flux
were determined from the difference in concentration between adjacent electrodes
Extrapolation to the cell surface allows determination of the surface concentrag)oan(C
uptake flux, as well as the reaction rate coefficient, for the cells.
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Landauer and NEGF: Plain Talk on the Proper Approach
D. K. Ferry and D. Vasileska

School of Electrical, Computer, and Energy Engineering, Arizona State University
Tempe, AZ 85287-5706 USA

As device sizes have continued to decrease, we have reached the point where extensive
quantum effects are present in these devices, and are utilized for varying the band structure as
a method of improving device performance. Traditionally, the Landauer formula has been
the Ogo to0 approach to determining the conductance through a nanoscale device, and the
transmission is often computed from the retarded Greenls function, particularly in the case of
ballistic transport through the device. This approach is still often used [1]. In the case in
which scattering is present, many people still use this approach via the non-equilibrium
Greenls functions (NEGF). However, continuing to compute the conductance from the
simple bubble composed of the retarded and advanced Green(s functions (Fig. 1) [2] leads to
significant error.  The reason for this error lies in the presence of significant back-scattering
in the channel of a nanoscale device. In order to correctly account for this, the conductivity
bubble must be recognized as the two-particle Green(s function it is, and then determined
self-consistently via the Bethe-Salpeter equation (Fig. 2) [3-5]. This process is well-known in
near-equilibrium transport, where the famous (1-cos!) for impurity scattering can be
recovered only from the Bethe-Salpeter equation. Yet, it has been neglected in the NEGF
study of nanoscale devices in recent years. In this talk, we discuss the proper application of
the NEGF formalism to nanoscale devices and focus on the source and importance of the full
conductivity bubble, and its impact on various transport properties of hanoscale devices.

[1] H. Horri, R. Faez, and M. Pourfath, IEEE Trans. on Electron Dev. 64, 3459 (2017).

[2] M. P. Anantram, M. S. Lundstrom, and D. E. Nikonov, Proc. IEEE 96, 1511 (2008).

[3] D. Vasileska, P. Bordone, T. Eldridge, and D.K. Ferry, J. Vac. Sci. Techn. B 13, 1841 (1995).
[4] D. Vasileska, P. Bordone, T. Eldridge, and D.K. Ferry, VLSI Des. 6, 21 (1998).

[5] D. Vasileska, C. Prasad, H. H. Wieder, and D. K. Ferry, J. Appl. Phys. 93, 3350 (2003).
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Fig.1: a. Schematic of the tam-SPL writing process on a ferromagnet (FM)/antiferromagnet (AF) exchange bias system: a highly localized
field cooling is performed by sweeping a heated AFM tip in presence of an external magnetic field. b. Magnetic configuration of the sample
after writing: the spin-textures in the ferromagnet are stabilized by the local exchange bias. c. Local ferromagnetic hysteresis loops from the
patterned (red loop) and non-patterned (yellow loop) areas of the sample.

Fig.2: a. MFM image of the magnonic structures, consisting of 2.5 /m wide tracks with alternated 0A and 90A oriented remanent static
magnetization (black arrows). Scale bar: 4 /m. b. One-dimensional map of the spin-wave intensity measured at remanence by /mBLS along
the x-direction on the sample of panel a. The black arrows indicate the direction of the magnetization, the orange dashed lines mark the domain
walls. Spin-waves are efficiently excited within tracks of type A.
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P-19
Phonon and Intensity induced Exciton Dephasing of TMDC Atomic Layer

Tikaram Neupane, Sheng Yu, Bagher Tabibi, and Felix Jaetae Seo*

Advanced Center for Laser Science and Spectroscopy, and Center for AtmospheridiResearc
and Education, Department of Physics, Hampton University, Hampton, Virginia 23668, USA
e-mail: jaetae.eso@hamptonu.edu

The exciton polarization dephasing timep, Tin two-dimensional transition metal
dichalcogenides are of great interest for optoelectronic applications imgludtrafast
modulation, switching, and information processing. The exciton dephasing pammmss
through coherence loss of exciton polarization and population decay. The coHessnok
exciton polarization is mainly due to the coupling strength of both exeioiben and
exciton-phonon interaction. The exciton-phonon coupling is dominant at higher teungpera
that generates a larger phonon density. At a higher temperature, larger plaitesing occurs
which may lead to faster exciton dephasing. The exciton-exciton nguplay havea
significant contribution at a higher excitation intensity due to a tagaton density generated
in the material. As excitation intensity increases, a larger exciton elaliiston causes faster
exciton dephasing. Therefore, the contribution of exciton-phonon and exciton-exaiging
to the total dephasing time in WSmonolayer was analyzed as functions of temperature and
excitation intensity. The dephasing time of W&®mic layer in the range of a few picosecond
to sub-picosecond may be utilized for optoelectronic modulator or switghi?ig The longer
dephasing time of exciton or electron in the W&®mic layer with valley photonic chirality
may pave the prospective quantum information processing. Acknowledgmenivdikiss
supported by ARO W911NF-15-1-0535, NSF HRD-1137747, and NASA NNX15AQ03A.

[1] T. Neupane et alfiExciton Dephasing of Two-dimensional Atomic Layer&(In preparation).
[2] G. Moody et al.Nat. Commun6, 9315 (2015).
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Fig.1: Schematic diagram of high-overtone bulk-mode aco. Fig.4: Ramsey coherencdy,’, for an NV center spin that i
resonator (HBAR) fabricated from single crystal diamond. O& mechanically driven with a Rabi field of/2” =348 kHz as
face is a piezoelectric transducer to launch acoustic waves, ar compared to its bare Rabi coherence. Even weak mechanigal
the opposite face is a microwave antenna for conventional mag driving prolongs the spin coherence by more than a factor ¢
resonance control. Figure from [4]. Figure from Ref. [3].

93 94 95

Fig.2: Spectroscopy of mechanically-driven spin transitions fi Fig.5 Spectroscopy of mechanically driven spin transitions in t
ms=i 1 to m= +1. The three peaks are for each nitrogen I=1 nuc the ground-state and the excited-state manifold at room temperi

spin sublevel. Figure from Ref. [1]. Figure from Ref. [4].

to (es)

Fig.3: Coherent Rabi oscillations of an NV center spin enser
driven in the = +1 to71 manifold with a mechanical resonatc
Figure taken from Ref. [2].
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Fig.1: InAs nanowire device with source-drain electroded a  Fig.2: Calculated modulation of the spin density miaAs nanowire

multiple top gates strongly coupled to the nanowiaeav due to Dresselhaus spin-orbit coupling for a state withltanhgular
LaLuGQshigh-k dielectric layer momentum j=3/2.

Fig.3: Gate-controlled crossover from positive to négat Fig.4: Quantized conductanes a function of top gate voltage
magnetoconductivity, i.e. weak localization to waak- measured on the InAs nanowire device shown in Fighé.

localization, in a (111) InAs nanowire. The gate vgétdywas  magnetic field was varied as a parameter from B=0 to/&dip
varied from 0.25V to 2.75V. The symbols correspondeto th  feature is found on the first plateau of the quantizetloctance,
experimental data, while the lines represent the thealetic which is attributed to spin helical transport.

values. In the theoretical calculation the strengtlthef Rashba

as well as the Dresselhaus coupling parameter was adjusted

fit to the experimental data.
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