Wide band-gap compound semiconductors for sensors

The challenge:

Currently, researchers are working on more than 40 compound semiconductors many of which are wide-bandgap materials. Over the last nine years we have witnessed the emergence of a compound semiconductor industry that is distinct from the silicon semiconductor industry. Given this fact , and the obvious success of consensus-based planning in the silicon arena, we think that the time is ripe for us to put the emerging wide-band gap materials onto the NASA Advanced Planning and Integration Office strategic roadmap. We are reminded that roadmap activities are frantically going on in the US and in Europe in order to carve out the muti-billion dollar proceeds that "will" be extracted from commercialization.  It is therefore, vitally important that the challenge of formulating a NASA directed strategic roadmap for compound semiconductors be formulated so that we maintain a technical lead in this evolving technology so that we can direct it to mission planning. Compound semiconductors were initially driven by defense funding and even today tend to require more fundamental research from university, industry and government laboratories like our-selves. In part, this is because the materials base is very broad and engineering process' within each materials system is not consistent. A wide plethora of problems have been identified where topics include compatible substrates; p-type doping issues in (Al,In)GaN and Zn(Mg)O, device physics and fundamental defect densities. We need to find alternatives to sapphire and SiC as substrates such as lithium gallate, silicon (for development of on-board intelligence) and free standing GaN quasi-substrates produced by laser lift-off. Other challenges are the need for 4 inch and greater wafer growth technology  to accommodate large format array  (>1Kx1K) development. We need to work on nitride HEMTs and SiC MESFETs and we have to solve the problems that lead to degradation in SiC bipolar devices. In the process fabrication area we need to improve the activation of p-type implanted dopants in GaN and to achieve large free-hole concentrations. We need to develop large area low dislocation density substrates for development of SiC and GaN devices which will allow for increased economies of scale. GaN based LED's have flourished even though dislocation densities are 1E10 /cm2. A five fold reduction in this figure will have a huge impact on the reliability of LEDs, lasers and transistors and will have a dramatic increase in the sensitivity of photodiodes (to achieve near photon-counting!). According to the timeline, see Figure 1, the threading dislocation density in bulk or quasi-bulk GaN is now typically 1E6 /cm2. Improvements should aim to reduce this to 1E5/cm2 by 2008 and 1E3/cm2 by 2012. Fewer than 10 defects /cm2 are expected in 2020. A particular challenge for SiC wafers is the availability in larger sizes. Estimates of the timescale to realize different SiC wafer sizes with commercially acceptable quality include 4 inch by 2005 and 8 inch by 2013.

Material Systems to be invested in over the next 16 years:
Given the mission, our strategy for compound semiconductor planning highlights critical material systems. The current "hot" material systems are : Gallium nitride (3.7eV); aluminum nitride (6.2eV); indium nitride (0.7 or 1.9eV?); boron nitride (4-7eV); silicon carbide (2.36-3.23 eV); zinc oxide (3.4eV). Diamond (Group IV elemental) , even though its not really a compound semiconductor, it is a very important technological material, however,  we feel this should be addressed separately under its own white paper. The fabrication process development is dynamic and key developments have to be made in doping, The number and variety of semiconductor devices seems unlimited but we list here those that will be well suited to be fabricated from the above material systems:

Electronics Devices

Bipolar
BJT, HBT, Thyrister, GTO

Unipolar
JFET, MOSFET, MISFET, MESFET
Diode

PN. PIN, Schottky, Avalanche/Zener, Varactor GUNN, IMPATT, TRAPATT, RTD

Opto-Electronic Devices

Receptors
PIN, Avalanche photo-diode (APD), Heterojunction Photo Transistor (HPT)

Emitters
LED, HB-LED, Laser Diode, VCSEL
Modulators
SEED

A look into the future:
A timeline for issues relating to technical challenges that we will face are shown below. 
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Figure 1. Timeline for key developments

Other wide-band gap links:

1. The microelectronics advanced research initiative opto-electronics technology roadmap ((MEL-ARI OPTO): http://europa.eu.int/
2. Roadmaps from the National Electronics Manufacturing Initiative (NEMI): http://www.nemi.org
3. Roadmaps from the optoelectronics industry development (OIDA):  http://www.oida.org
4. National Compound Semiconductor Roadmap: http://www.onr.navy.mil
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				2004		2006		2008		2010		2012		2014		2016		2018		2020

		SiC 4 inch wafers

		SiC 8 inch wafers

		GaN 2 ich wafers

		GaN 4inch wafers

		GaN 8 inch wafers

		GaN discloction density				1E6/cm2

								1E5/cm2

														1E3cm2

		AlN wafers commercially available				4 inch

										6 inch

														8 inch

		1Kx1K (Al,In) GaN arrays

		Near photon counting

		Photon counting

		Bipolar devices

		Unipolar devices

		Receptors

		Modulators



NEXT GENERATION OF LOW NOISE HIGHLY SENSTIVE DEVICES



Sheet2

		





Sheet3

		






