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Statement of the Problem

The objective of this experimental program is to understand and quantify the parameters that influence the

transport (perpendicular) and carrier collection mechanisms of electrons and holes at the heterobarrier

interfaces in semiconductor quantum wells and superlattices. This work is relevant to the design of

optoelectronic and electronic components (laser diodes, heterojunction bipolar transistors, modulation doped

field effect transistors, solid state photomultipliers) which are of great interest to the commercial and defense

communities. The output of this program has been: (1) a set of design rules based on the physics that governs

carrier collection in ultra thin layered heterostructures and (2) the proposal/demonstration of new device

structures that utilize energy dependent carrier collection and/or the high collection efficiency of ultra-thin

quantum wells.

Summay of the Most Important Rsults

The most important accomplishments and their relevance to the SDIO/IST goals are:

IA) First demonstrations of laser operation of monolayer thick quantum wells.

-laser operation of wa miwlayer (3.25 A) InAs-GaAs strained layer pseudomorphic quantum well

- continumu wavc low hrsoId lme" operation of a 2 monolayer lnAs-GaAs quantum well at 77K

-laser operation of a 2 monolayer GaAs-AIGaAs quantum well

-continuous wave low threshold laser operation of a 3 monolayer GaAs-AIGaAs quantum well

IB) Explained basic physics of why monolayer thick lasers are possible even though these results were

unexpected based on previous knowledge.

The near term impact of accomplishments IA and IB:
• Knowledge of pseudomorphic InGaAs-GaAs has resulted in funding from Martin Marietta to develop

solid state lasers for underseas communications (satisfies objective of novel lasers for DoD applications)
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* Makes possible the use of GaAs based electronics with longer wavelength lasers which can be designed so

that the substrate can be either transparent or absorbing (consistent with long term goal of

monolithic optoelectrmic circuits )

The long term impact of accomplishments IA and IB:

* We have already demonstrated that an lnAs-GaAs laser operates more than an electron volt in energy

above the InAs band edge. If we repeat this experiment with wider band gap materials (which is now

feasible based on recent advances in crystal growth) it may be possible to achieve laser operation 1-1.5

eV above the band gap of a pseudomorphic quantum well made from a material with a bulk band gap

greater than 1.5eV (which has not been possible with bulk materials or even traditional quantum wells).

This would have a tremendous impact on the field optical data storage and data processing. (Consistent

with long term goal of developing novel lasers and optical components.)

2) First confirming observation of phonon assisted stimulated emission. Also, demonstrated the thinnest

quantum well to exhibit phonon assisted stimulated emission. Phonons play an important role in

thermalizing injected carriers in laser diodes and are often the limiting factor in high speed electronic

devices. (The relevance is that the impact of phonons in quantum wells must be understood in order to

design devices and understand their limitations.)

3) First time resolved data of phonon assisted stimulated emission . Holonyak and co-workers have

suggested that phonon assisted stimulated emission may actually involve stimulated phonon

emission. If so, this would open up an entirely new class of electron-photon-phonon interaction in

condensed matter. All of our data to date is consistent with Holonyak's prediction but we have not been

able to conclusively verify the prediction. (The relevance is that new device concepts could be developed

if the predicted interaction is conclusively verified.)

4) First tunneling through a bound state in a strained layer InGaAs-GaAs-AIAs resonant tunneling

structure. Demonstrated the tunability and importance of scattering in the transport of hot majority

carriers through a double barrier resonant tunneling structure. (Relevant to the development of high

speed/density circuits that need monoenergetic electrons/holes.)

5) Developed a simple method for incorporating quantum well properties into drift-diffusion semicomluctor

models. The utility of this model is that it allows us to incorporate complex quantum mechanical

computations done by others into a relatively simple framework. (Relevance is that it allows us to predict

general trends and gives us time to get things done like items 1-4,6.)
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6) Demonstrated that Ga over pressure enamnces the stability of GaAs-AIGaAs quantum wells during high

tempeture thermal processing. Demonstrated that InAs-GaAs pseudomorphic quantum wells are quite

stable at elevated temperatures. Relevance is that we know now that ultra-thin quantum wells can be

fabricated and processed into devices while maintaining their structural stability. (Relevance to SDIO/IST

is that ultra-thin quantum wells can be grown and will survive processing into devices.)

7) First demonstratiouoflaseractiononnastaggered(real space) transition. Relevance is that it may be

possible to bypass some of the difficulties that indirect band gap materials pose for optical devices

(leading to novel optical devices).
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