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Resonant T unneling Diode Basics

Basic R TD Structure RTD Conduction Band Under Bias
Emitter Equilibrium Resonance
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RTD Test and Sim ulation

Experimental R TD I-V Curve WFM Sim ulated R TD I-V Cur ve
[Brown et al., APL 55, 1777 (1989)] [Jensen and Buot, PRL 66, 1078 (1991)]
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JB simulations first to produce typical RTD behavior:

* |-V plateau, hysteresis, unstable oscillations

This work examines device physics of JB RTD in detail
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Steady-State |-V Cur ve
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Discrepancy with experiment:
» Simulated plateau is steady-state effect
» Hysteresis normally seen below main peak

Applications: 3-state device, bistable device, analog function generator
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Resonant Current P athin J B R TD
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Plateau current due to transmission through discrete emitter state (DES)
Bistability due to charge storage in QW
Plateau ends when DES forced above QWS
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Current also from electrons transmitted over collector barrier
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Transient |-V Cur ve Trace
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Virtually identical to steady-state |-V trace
Difference with experiment: Oscillations only in part of plateau

Applications: high-frequency oscillator, microwave detector

2.5 THz Current Oscillations

Device Current at 0.24 V Bias
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2.5 THz oscillations at fixed bias
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Wigner Function Example: R TD at High Bias
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Cause of Sim ulated Oscillations
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Oscillations caused by temporal variation of DES/QWS alignment

Requires NDR for unstable operation
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Sensitivity to T emperature
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Plateau effects quenched above 200K




Sensitivity to Scattering Rate
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Plateau effects destroyed at scattering time < Tp/2

Electron Density (1018/cm?3)

Modified R TD: Emitter QW
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Bistability/hysteresis enhanced; oscillations lost
Robustness over temperature: little improvement




Modified R TD: Triple-Barrier
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Plateau lost; Bistability/hysteresis enhanced; oscillations lost

Feature of JB RTD: DES appeared where no state had been

Conclusions

Physics of plateau feature in simulated I-V curve explained
* Not purely dynamic effect seen in experiment
e Requires scattering, aligned sharp energy levels
» Unstable oscillations also require NDR

Possible circuit applications suggested:
» 3-state device, bistable device, analog function generator
* high frequency oscillator/detector

Robustness analyzed: symbiosis of effects should be strengthened

Modified structures investigated: difficult to improve on JB RTD




