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Abstract.

Low-frequency current noise and current-voltage (I-V) characteristics have been studied in
InAs/GaAs self-assembled Quantum Dot Infrared Photodetectors in dark conditions and under illu-
mination, at T = 77K and T = 5K. The noise behavior is consistent with a generation-recombination
fluctuation process mainly related to thermally excited charge carriersat T = 77K. At T = 5K the
current noise is consistent with a mechanism of fluctuations driven by the electric field, related to
tunneling rather than emission-capture of charge carriers from the Quantum Dots. A very effective
noise suppression mechanism, related to the tunneling regime, determines a decrease of fluctuation
intensity as a function of the voltage. At T = 5K, an interesting behavior is observed in the current-
voltage and noise power spectra for some of nominally identical QDIP structures in the presence
of irradiation. Some devices indeed exhibit (i) a very high photoresponse and (ii) a 1/ f-shaped
noise spectrum at low frequencies. The noise suppression mechanism still acts in the presence of
radiation, thus reducing the noise intensity proportionally to the photocurrent intensity.
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Quantum Dot Infrared Photodetectors (QDIPs) are zero dimensional structures
evolved from the Quantum Well Infrared Photodetectors (QWIPS) technology, widely
studied in the past decades. QDIPs have attracted more and more attention in the last
years since they are expected to reach higher gains and exhibit lower dark current.
Furthermore they are sensitive to normally incident infrared radiation not requiring
particular optical coupling. QDIPs are similar to QWIPs but the charge confinement is
3-D. The QDIP detection mechanism is based on the intersubband photoexcitation of
the charge carriers from confined states in the dots to the continuum [1, 2, 3].

Current noise and current-voltage (I-V) characteristics have been measured in
InAs/GaAs self-assembled QDIPs in dark conditions and under illumination, at
T =77K and T = 5K. The noise power spectral densities at 77K is consistent with a
generation-recombination (g-r) fluctuation process related to charge carriers thermally
excited from confined to continuum states in the QD layers. The shape of the power
spectrum is Lorentzian. The noise gain g, = S /4el varies as a linear power of |. At
T = 5K, the noise gain g, = S /4el varies as |7 with y < 1 in the region of tunneling.
This behavior is consistent with current fluctuations driven by the electric field, related
to a transport process ruled by tunneling rather than by emission-capture of charge carri-
ers from the Quantum Dots. Since y < 1, a noise suppression mechanism of coulombian
origin, determines the overall behavior of the average current and its fluctuations.
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At T = 5K, a complicated behavior is exhibited by the I-V and the noise power
spectra in the presence of irradiation for some of nominally identical QDIP structures.
Some devices indeed exhibit (i) very high photoresponse and (ii) 1/f noise at low
frequencies in the presence of infrared radiation. This behavior might be related to the
inhomogeneous dopant distribution in the interdot region.

EXPERIMENTAL DETAILS

The devices are made of quantum dot separated by barrier layers, produced by the
Stranski-Krastanov technique. The dots are self-assembled and the barriers are thick
in order to suppress the dark current between adjacent layers. The dot size and shape
determine the electronic shell structure of the bound states. The InAs dots on GaAs
substrate are disk-shaped with diameter of about 18nm and thickness of about 2.5nm.
This implies a stronger confinement in the growth direction compared to the in-plane
one, leading to several energy levels in each dot leading to a broader infrared response
compared to QWIPs [1, 2]. Their intersublevel energies are suitable for long wavelength
excitations. All layers have been grown on a semi-insulating GaAs substrate: an undoped
300nm GaAs buffer layer, a 760nm n™ GaAs bottom contact layer, a 5nm GaAs spacer
layer, 50 repeats of self-assembled InAs QD layers separated by 30nm GaAs barriers and
a 400nmn™ GaAs top contact layer. The doping level for QD layers is 1.5 x 101%cm2,
The average QD electron density was estimated as 5 electrons per dot. Top and bottom
contacts were Silicon doped to 1.2 x 1018cm~23, covered with Ni/Ge/Au and annealed.
Wet chemical etching was used to define the geometry of the mesa devices with a section
area of 240 x 240un?.

Photoresponse and current noise measurements have been performed in an in-vacuum
steady-bath cryostat to reduce all kind of mechanical disturbances, due to boiling and
convective motions of cryogenic liquids. The cryostat uses a double vessel and a double
thermal shield on the cold plate area. A black-body source (i.e. a white-hot filament)
mounted inside the vacuum chamber was used rather than LASER or LED affected by
additional noise. A parabolic reflector and baffles served to spot the light on the QDIPs.
Thus devices could be exposed directly to the IR source in high vacuum conditions
(10~ "mbar). Appropriate sample-holders properly shone the devices on their 45° pol-
ished facet with polarized radiation.

The basic scheme of voltage noise measurements is based on a balanced circuit at
the input of a Stanford Research 560 low noise amplifier. The bias was supplied by a
low pass filtered dry cell pack. The noise power spectra were obtained as 50 averages
of single power spectral densities by a dynamic spectrum analyzer, Hewlett-Packard
3562A via a GPIB interface. The QDIP differential resistance was calculated from the
I-V curves measured by a source-measure unit Keithley 236 [4, 5].

RESULTSAND DISCUSSION

The I-V characteristics at 5K both in dark (dotted line) and under radiation (solid line)
are shown in figure 1 (a) and (b) for two nominally identical devices. A different shape
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FIGURE 1. Typical behavior of dark (dotted) and photo- (solid) I-V characteristics of InAs/GaAs
QDIPs at 5K.
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FIGURE 2. Dark (a) and photocurrent (b) noise spectraat T = 5K for the same QDIP of figure 1b. The
voltage varies from 0.5V to 1.5V from top to bottom with step 0.1V. The roll-off above 100Hz is due to
the capacitances at the amplifier input (about 25pF) and along the coaxial cables.

of the photoresponse is observed by comparing the two plots, as already reported by Liu
[2].

Current noise power spectral densities are plotted in figure 2 (a) and (b) for dark and
irradiated conditions for the sample of figure 1b. The voltage varies from 0.5V to 1.5V
from top to bottom with step 0.1V. These voltage values corresponding to the tunneling
region. The roll-off above 100Hz is due to the unavoidable capacitive coupling at the
amplifier input (about 25pF) and along the coaxial cables with the resistance values into
play. The I-V characteristics and the current noise spectra measured at 77K, not shown
here, confirm a transport mechanisms where capture-emission processes dominate the
average current and its fluctuation. The spectrum amplitudes are proportional to the
square of the average current, in agreement with a capture-emission mechanism of the
fluctuation process, originated by thermally excited charge carriers, as already observed
in QDIPs grown by a different technology in [6, 7].
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Current noise power spectral densities are plotted in figure 2 (a) and (b) for dark and
irradiated conditions at 5K for the sample of figure 1(b). The voltage varies from 0.5V
to 1.5V from top to bottom with step 0.1V. Considering that the current increases of a
factor 5 over the same voltage range, the noise gain gy, decreases with I, as opposed to the
behavior observed at 77K, when the fluctuations are mainly related to thermally excited
capture-emission processes. Noise spectra are white in the investigated frequency range,
i.e. Lorentzian.

As mentioned above, some samples show a high photogain as can be deduced from the
I-V characteristics (figure 1(b)). These detectors exhibit a very high peak of responsivity,
i =y /(hve), in the tunneling region of the |-V characteristic [2]. While current noise
spectra are white in dark conditions and for samples with very low responsivity, a 1/ f
noise component is observed on the devices with high optical gain. The g, dependence
on the inverse of the average current indicates that the noise suppression mechanism
acts in the presence of radiation as well. The strong asymmetry of the 1-V plots suggests
that the effect should be the result of the combined interactions of the self-assembled
quantum dot layer, the wetting layer and the center delta doping as a function of the
applied bias and incident radiation.

CONCLUSIONS

Current noise measurements, both in thermal equilibrium and with photo-excitation,
have been performed on InAs/GaAs self-assembled QDIPs. The results indicate that a
noise suppression effect occurs when the tunneling regime dominates over the thermally
emission-capture processes. The photocurrent noise spectral densities are Lorentzian for
low optical gain devices. A 1/f component is observed for high optical gain detectors
under irradiation in the tunneling regime. Remarkably, the noise suppression mechanism
is even more effective when the photocurrent flows in the QDs confirming its Coulom-
bian origin.

REFERENCES

1. H. C. Liu, M. Gao, J. McCaffrey, Z. R. Wasilewski and S. Fafard: Appl. Phys. Letters, 78, 79-81

(2000).

H. C. Liu, B. Aslan, M. Korusinski, S.J. Cheng and P. Hawrylak: Inf. Phys. Tech., 44, 503-508 (2003).

. J.-Y. Duboz, H. C. Liu, Z. R. Wasilewski, M. Byloss and R. Dudek: J. Appl. Phys., 93, 1320-1322
(2003).

4. A. Carbone, R. Introzzi and H.C. Liu: App. Phys. Lett., 82, 4292-4294 (2003).

5. A. Carbone, R. Introzzi and H.C. Liu: Inf. Phys. Tech., 46, (2005).

6. Z.Ye,J. Campbell, Z. Chen, E.T. Kim and A. Madhukar: Appl. Phys. Lett., 83, 1234-1236 (2003).

7. N. A. Hastas, C. A. Dimitriadis, L. Dozsa, E. Gombia and R. Mosca: J. Appl. Phys., 93, 5833-5835

(2003).

w N

400



	Welcome Screen
	Title Page
	Copyright
	ICNF 2005 Organization, Committees, and Sponsors
	Preface
	Contents
	PLENARY LECTURES
	Noise in Advanced Electronic Devices and Circuits

	THEORY
	Control and Rectification in Collective Stochastic Systems (invited)
	A Form of Active Brownian Motor-like on a (Nonlinear) Toda Lattice
	Diffusion Acceleration in Randomly Switching Sawtooth Potential
	Current Fluctuations in Degenerate Non-equilibrium Systems
	Quantum Noise in Long Josephson Junctions
	Noise-induced Patterns in Semiconductor Nanostructures and Time-delayed Feedback Control
	Control of Noise-induced Oscillations in Superlattices by Delayed Feedback
	Current and Noise Suppression in AC-driven Coherent Transport (invited)
	High-order Current Correlation Functions in Kondo Systems
	System Size Stochastic Resonance from the Viewpoint of the Nonequilibrium Potential
	Extensions of the Stochastic Model of the Overdamped Oscillator Applied to AC Ionic Conductivity in Solids
	Fluctuation-dissipation Dispersion Relation for Systems with Slowly Varying Parameters
	A New Version of the Fluctuation-dissipation Relations
	Bispectrum Theory for Brownian Motion of Electrical Charge in Non-linear RC-circuit
	1/f Temperature Fluctuations in Solids
	Properties of the Sum-lengths of the Adjacent Level Crossing Intervals of the Chaotic Process Generated by the Logistic Map
	First Passage Time Algorithm for Signal and Filtered Multi-level Noise
	1/f-type Noise in View of Phonons Interface Percolation Dynamics
	1/f Noise in Fractal Quaternionic Structures
	A Fast Stochastic Digital Signal Generator Based on Chaotic Iteration
	Estimating the Variance of Multiplicative Noise

	MATERIALS
	Microwave Noise in Biased AlGaN/GaN and AlGaN/AlN/GaN Channels
	Generation of Interface States Due to Quantum-dot Growth in Au/GaAs Schottky Diode Structures
	1/f Noise Enhancement in GaAs
	Unusual Fluctuations of Flux Flow at Low Temperature in Superconducting Films
	Study of Dendritic Avalanches by Current Noise Measurements in High Tc Superconductors
	Non-Gaussian Fluctuations in Biased Resistor Networks: Size Effects versus Universal Behavior (invited)
	Low-frequency Current Fluctuations in Post-hard Breakdown Thin Silicon Oxide Films
	Noise and Charge Storage in Nb2O5 Thin Films
	1/f Noise in Low Density Two-dimensional Hole Systems in GaAs
	Low-frequency Noise Measurements in La0.7Sr0.3MnO3 Thin Films on (100) SrTiO3
	Acoustic Noise Spectrum of the Liquid Helium Boiling Process on Superconducting Bolometer Surface
	Monte Carlo Calculation of Diffusion Coefficient, Noise Spectral Density and Noise Temperature in HgCdTe
	Noise Properties of High Resistivity Cl-doped Cadmium Telluride
	Hot Electron Noise in N-type Semiconductors in Crossed Electric and Magnetic Fields
	Low-frequency Noise Resolution of Ru-based Low-temperature Thick Film Sensors
	Current-driven Large Density Fluctuations of Vortices and Antivortices in the Corbino Disk
	Microwave Induced Effects on the Random Telegraph Signal in a MOSFET
	Low-frequency Noise of the CdTe Crystals

	DEVICES
	Low-frequency Noise in Si-based MOS Devices (invited)
	The Low-frequency Noise of Strained Silicon n-MOSFETs
	Low-frequency Noise Sensitivity to Technology Induced Mechanical Stress in MOSFETs
	Can 1/f Noise in MOSFETs Be Reduced by Gate Oxide and Channel Optimization?
	Impact of Interface Micro-roughness on Low-frequency Noise in (110) and (100) pMOSFETs
	Modeling of Suppressed Shot Noise in Stress-induced Leakage Currents (invited)
	LF Noise and Tunneling Current in Nanometric SiO2 Layers
	Evolution of RTS Source Activities in Saturation Range in n-MOSFETs for Different Oxidation Temperatures
	Zero Cross Analysis of RTS Noise
	High Magnetic Field Dependence of Capture/Emission Fluctuations of a Single Defect in Silicon MOSFETs
	Noise in Si and SiGe MOSFETs with High-k Gate Dielectrics (invited)
	Impact of Gate Material on Low-frequency Noise of nMOSFETs with 1.5 nm SiON Gate Dielectric: Testing the Limits of the Number Fluctuations Theory
	Gate and Drain Low-frequency Noise in HfO2 nMOSFETs
	Intrinsic Fluctuations Induced by a High-k Gate Dielectric in Sub-100 nm Si MOSFETs
	Contributions of Channel Gate and Overlap Gate Currents on 1/f Gate Current Noise for Thin Oxide Gate p-MOSFETs
	RF Noise Modeling in SiGe HBTs (invited)
	Impact of Lateral Scaling on Low-frequency Noise of 200 GHz SiGe:C HBTs
	Influence of Carbon Incorporation on the Low-frequency Noise of Si/SiGe:C HBTs Based on 0.25 mm BiCMOS Technology
	Effect of Base/Collector Implant and Emitter-poly Overlap on Low-frequency Noise in SiGe HBTs
	Low-frequency Noise in SOI SiGe HBTs Made by Selective Growth of the Si Collector and Non-selective Growth of SiGe Base
	Noise in SOI MOSFETs and Gate-all Around Transistors (invited)
	Noise in Nanometric s-Si MOSFET for Low-power Applications
	Geometry Dependence of 1/f Noise in N- and P- Channel MuGFETs
	Low-frequency Noise in Si/SiGe HFET
	HF Noise Performance and Modelling of SiGe HFETs
	Model of the 1/f Noise in GaN/AlGaN Heterojunction Field Effect Transistors
	Low-frequency Noise Characterization of Hot-electron Degradation in GaN-based HEMTs
	Low-frequency Noise of AlGaN/GaN HEMT Grown on Al2O3, Si and SiC Substrates
	Investigation of Shot Noise Reduction in InGaP HBTs with Different Base Thickness
	Low-frequency Noise in SiGe Channel pMOSFETs on Ultra-thin Body SOI with Ni-silicided Source/Drain
	Low-frequency Noise Characteristics of TaSiN/HfO2/SRPO SiO2 MOSFETs
	Drain and Gate Current LF Noise in Advanced CMOS Devices with Ultrathin Gate Oxides
	Apparent Noise Parameter Behavior in n-MOS Transistors Operating from Subthreshold to Above-threshold Regions
	Effect of Oxide Thickness and Nitridation Process on PMOS Gate and Drain Low-frequency Noise
	Characterization of Low-frequency Noise Sources in Planar Devices Using Cross-shaped 4-terminal Devices
	Low-frequency Noise Characterization of 90 nm Multiple Gate Oxide CMOS Transistors
	TeraHertz Emission from Nanometric HEMTs Analyzed by Noise Spectra
	RTS in Submicron MOSFETs: High Field Effects
	Hooge Noise Parameter of GaN HFETs on SiC
	Fundamental Effects in the Dependence of the 1/f Noise Spectrum on the Bias Current in Semiconductor Diodes

	OPTOELECTRONICS AND PHOTONICS
	Photonic Propagation Noise on Long Atmospheric Paths
	Light Transport through Photonic Liquids
	About the Physical Origin of Pixel Flickering in Cooled Hg0.7Cd0.3Te Infrared Photodetectors
	1/f Optical Fluctuations in Quantum Well Laser Diodes
	Investigation of the External Feedback Effects on the Relative Intensity Noise Characteristics of AlGaInN Blue Laser Diodes
	Noise Modelling of Absolute High-Tc Superconducting Measuring Instrument for X-ray Synchrotron Radiation
	Low and Medium Frequency Noise Levels of Fibered Very-High-Power 1.460nm-pump Laser Diode Designed for Raman Amplification
	Transmittances Distributions at the Diffusive-localized Crossover in Disordered Wave-guides with Absorption
	Rice Representation of Noise Processes in Optical PLL/s
	Acoustic Emission, Electrical and Light Fluctuations in Optoelectronic Devices
	Local Instabilities in GaAsP Diode PN Junctions
	Photocurrent Noise in Quantum Dot Infrared Photodetectors

	MESOSCOPICS
	Shot Noise in Mesoscopic Conductors: from Schottky to Bell (invited)
	Entanglement in a Noninteracting Mesoscopic Structure
	Current Noise Spectrum of Open Charge Qubits
	Fano Factor Reduction on the 0.7 Structure
	Current Noise in Non-chiral Luttinger Liquids: Appearance of Fractional Charge
	Comparative Analysis of Sequential and Coherent Tunneling Models of Shot Noise in Resonant Diodes (invited)
	Shot Noise Experiments in Multi-barrier Semiconductor Heterostructures
	Transition between Pauli Exclusion and Coulomb Interaction in the Noise Behavior of Resonant Tunneling Devices
	Decoherence and Current Fluctuations in Tunneling through Coupled Quantum Dots
	Noise and Bistabilities in Quantum Shuttles
	Noise Minimization in Quantum Transistors
	Length Dependence of the Fano Factor in Mesoscopic Cavities
	Chaotic-to-Regular Crossover of Shot Noise in Mesoscopic Conductors
	Excess Noise in Carbon Nanotubes
	Low-frequency Noise in Contacted Single-wall Carbon Nanotube
	Hanbury Brown and Twiss Noise Correlations to Probe the Statistics of GHz Photons Emitted by Quantum Conductors (invited)
	Measurements of Correlated Conductances and Noise Fluctuations from 3-Lead Quantum Dots
	Observation of Giant Thermal Noise Due to Multiple Andreev Reflection in a Ballistic SNS Junction with an InGaAs-based Heterostructure
	Full Counting Statistics of Mesoscopic Electron Transport
	Chaotic Transport: from Quantum to Classical
	Photo-assisted Shot Noise in the Fractional Quantum Hall Regime
	Observation of 1/f a Noise of GaInP/GaAs Triple Barrier Resonant Tunneling Diodes

	CIRCUITS AND SYSTEMS
	Oscillator Noise Analysis (invited)
	Noise Simulation of Continuous-time SD Modulators
	Noise Performance at Cryogenic Temperature of Microwave SiGeC Low Noise Amplifier Using BiCMOS Technology
	Nonlinear Noise in SiGe Bipolar Devices and Its Impact on Radio-frequency Amplifier Phase Noise
	A New Method of Minimizing Noise Figure of CMOS LNAs
	Analysis and Design of a Frequency Synthesizer with Internal and External Noise Sources
	Analytical Calculations for the Influence of Carrier's Phase Noise on Modulating Signals
	Observation of Noise-induced Transitions in Radar Range Tracking Systems

	BIOLOGICAL AND BIOMEDICAL SYSTEMS
	Functional Roles of Noise and Fluctuations in the Human Brain (invited)
	Mapping of Synaptic-neuronal Impairment on the Brain Surface through Fluctuation Analysis
	Sleep Stage Dependence of Invariance Characteristics in Fluctuations of Healthy Human Heart Rate
	Criticality and Universality in Healthy Heart Rate Dynamics
	Fluctuations of the Single Photon Response in Visual Transduction
	Spontaneous Movements of Mechanosensory Hair Bundles (invited)
	Brownian Dynamics Simulations of Ionic Current through an Open Channel
	Stochastic Resonance of Artificial Ion Channels Inserted in Small Membrane Patches
	Starting and Stopping a Bistable Pacemaker: Stochastic Stimulation Identifies Critical Perturbations
	Nanoscale Electronic Noise Measurements
	What Information Is Hidden in Chaotic Signals of Biological Systems?
	Information Transfer Analysis of Spontaneous Low-frequency Fluctuations in Cerebral Hemodynamics and Cardiovascular Dynamics
	Stochastic Resonance of Na, K-ion Pumps on the Red Cell Membrane
	Contraction of Information on Brain Wave Fluctuations by Information Geometrical Approach
	Fluctuations in Neuronal Activity: Clues to Brain Function
	Changes in the Hurst Exponent of Heart Rate Variability during Physical Activity
	Spatial Asymmetric Retrieval States in Binary Attractor Neural Network
	Relationships among One-minute Oscillations in Oxygen Saturation Level of Blood and Hemoglobin Volume in Calf Muscular Tissue and One-minute Wave in Body Fluid Volume Change during Upright Standing in
	Modelization of Thermal Fluctuations in G Protein-coupled Receptors
	Noise-driven Switching between Limit Cycles and Adaptability in a Small-dimensional Excitable Network with Balanced Coupling
	Stochastic Nonlinear Evolutional Model of the Large-scaled Neuronal Population and Dynamic Neural Coding Subject to Stimulation

	CHEMISTRY AND ELECTROCHEMISTRY
	The Electrochemical Noise Technique—Applications in Corrosion Research (invited)
	Chaos-order Transitions during Electrochemical Corrosion of Silicon
	Chaos and Resonance in the Model for Current Oscillations at the Si/Electrolyte Contact
	Stochastic Resonances and Highly Selective Separation Methods: Application to the Detection of DNA Mutations
	Baseline Noise in High-performance Liquid Chromatography with Electrochemical Detection
	The Noise Diagnostics of Organic Electrolytes for Rechargeable Lithium Batteries

	MEASUREMENT TECHNIQUES
	Novel Transimpedance Amplifier for Noise Measurements on Bio-electronic Devices
	Suppression of Offset and Drift in a DC Amplifier by Combination of Multiple Amplifiers
	Experimental Study of Hysteretic Josephson Junctions as Threshold Detectors of Shot Noise
	Accuracy of 1/f Noise Parameter Extraction in the Presence of Background Noise
	RTS Noise in Optoelectronic Coupled Devices
	Noise Scattering Patterns Method for Recognition of RTS Noise in Semiconductor Components
	A Method of Two-terminal Excess Noise Measurement with a Reduction of Measurement System and Contact Noise
	Progress Toward "Optical Beam Induced Noise" Measurement Set-up
	Finite Bandwidth Related Errors in Noise Parameter Determination of PHEMTs
	Uncertainty in Measuring Noise Parameters of a Communication Receiver
	-190 dBV2/Hz Preamplifier for Low-frequency Noise Measurements
	Analysis of Error Sources in On-wafer Noise Characterization of RF CMOS Transistors

	RELIABILITY
	Low-frequency Noise Considerations for CMOS Analog Circuit Design (invited)
	Accelerated Aging of GaN Light Emitting Diodes Studied by 1/f and RTS Noise
	Influence of Small Doses of Gamma Irradiation on Transport and Noise Properties of SiC MESFETs
	Effects of Oxygen-related Traps in Silicon on the Generation-Recombination Noise
	Noise and I-V Characteristic as Characterization Tools for GaSb Based Laser Diodes
	Foil Capacitors Reliability Prediction Based on Fluctuation and Non-linear Phenomena
	Morphology of Nanostructured Semiconductors Studied Using Atomic Force Microscopy Combined with Stochastic Signal Spectroscopy

	MODELING
	Modeling and Characterization of Noise in 90-nm RF CMOS Technology (invited)
	An Analytical Thermal Noise Model of the MOS Transistor Valid in All Modes of Operation
	On the High-Frequency Noise Figures of Merit and Microscopic Channel Noise Sources in Fabricated 90 nm PD SOI MOSFETs
	3D Monte Carlo Study of Thermal Noise in DG-MOSFET
	Non-linear Noise in Nanometric Schottky-barrier Diodes (invited)
	Analytical Model of Noise Spectrum in Schottky-barrier Diodes
	Monte Carlo Simulation of Quantum Noise (invited)
	Noise and Diffusion in Superlattices within the Wannier-Stark Approach
	Coulomb Suppression of Avalanche Noise in Double-drift IMPATT Diodes
	A Frequency Domain Spherical Harmonics Solver for the Langevin Boltzmann Equation (invited)
	Two-dimensional Physics-based Low-frequency Noise Modeling of Bipolar Semiconductor Devices in Small- and Large- Signal Operation
	Governing Equations of the Green's Functions for the Short-circuit Terminal Noise Currents in Semiconductor Devices
	Noise Enhancement as Indicator of Instability Onset in Semiconductor Structures
	Fluctuation of the Electron Scattering Probability in One-dimensional Atomic Chain Having Plural Degree of Freedom
	On the High Frequency Limit of the Impedance Field Method for Si
	Properties of Some Deterministic Noises
	Phase Transition and 1/f Noise in a Modified Bak-Tang-Wiesenfeld Sand Pile Model with Time-dependent Avalanche Propagation
	Effect of Noise in the Estimation of Magnitudes with Spatial Dependence: A Spatial Statistics Technique Based on Kriging

	MISCELLANEOUS
	Density Correlations in Ultracold Atomic Fermi Gases
	Spatial and Angular Intensity Correlations of Waves in Disordered Media
	Seismic Pattern Recognition by Wavelet Based-higher Order Statistics


	Author Index
	Help
	Search
	Exit

	copyright: 


