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Our Brian Mercer Award will put us into a position to set up a company to exploit  

further the work if  the results continue to be in line with our expectations and we  

get repeat orders from our initial collaborators. We also have the basis on which  

to then develop sources of  mm-wave radiation, computing and optical devices:  

all have been demonstrated as prototypes with attractive figures of  merit, but  

none have proved manufacturable. 

Introduction  

A 10-monolayer thick electron-tunneling-barrier of  AlAs buried inside a crystal of  GaAs, with differing doping 

profiles on either side, was proposed over 20 years ago and demonstrated to have superior properties as a 

diode for detecting microwaves and millimetre waves, such as operation at zero bias, a very low added noise 

and a reduced sensitivity to the ambient operating temperature. It has taken 20 years of  further R&D to get this 

very simple device made with a degree of  uniformity across a semiconductor wafer and reproducibility between 

wafers that  high-volume, low-cost manufacture can be contemplated. A one monolayer change in thickness 

induces a 360% change in the tunneling current for the same bias, and systems designers are used to 

specifying and being supplied with diodes to within 15% of  an absolute pre-specified current.  

We have succeeded by ensuring that we grow the AlAs layer to be 10.00±0.05 monolayers, ensuring that the 

interface with GaAs in both sides of  the AlAs layer is sharp and between completed layers on either side. This 

has been critical to the wafer-to-wafer reproducibility, and the remaining variation across the wafer is due to the 

off-axis position of  the AlAs source in the geometry of  the chamber of  the molecular beam epitaxy system.  

The Present Brian Mercer Project 

We have used the most recent design tools to refine the multilayer structure, to give the most attractive set of  

properties as a detector, including considerations of  detectivity, dynamic range, and the noise, temperature and 

zero bias operation.  We have grown a set of  seven wafers on a production machine that should improve the 

uniformity across each wafer even further.  We have designed a new set of  masks for making microwave and 

mm-wave devices capable of  working over the range 10-35GHz and 70-100GHz.  These have been processed, 

and we are in the middle of  a substantial evaluation exercise, involving several industrial collaborators, which 

should be completed by February 2014. 

The second part of  the project will be a repeat exercise, this time to a design suited for real-world applications 

by one or more of  the industrial collaborators.  The devices will be used to sample to the wider user groups in 

industry. 

Fig. 1: (Left)  A typical wafer 

map showing current in mA for 

0.5V forward bias. 

Fig. 2: (Right)  The current-

voltage characteristics from the 

same diodes from six wafers, 

grown in two batches of  three 

six months apart. 


