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ABSTRACT   

The impact of micro and nano technology on millimetre wave imaging from the post war years to the present day is 
reviewed. In the 1950s whisker contacted diodes in mixers and vacuum tubes were used to realise both radiometers and 
radars but required considerable skill to realise the performance needed. Development of planar semiconductor devices 
such as Gunn and Schottky diodes revolutionised mixer performance and provided considerable improvement. The next 
major breakthrough was high frequency transistors based on gallium arsenide which were initially used at intermediate 
frequencies but later after further development at millimeter wave frequencies. More recently Monolithic Microwave 
Integrated circuits(MMICs) offer exceptional performance and the opportunity for innovative design in passive imaging 
systems. In the future the use of micro and nano technology will continue to drive system performance and we can 
expect to see integration of antennae, millimetre wave and sub millimetre wave circuits and signal processing. 
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1. INTRODUCTION  
 

Following the successful development and use of RADAR in projects such as Chain-Home1 (1937) which provided early 
warning of aircraft approaching as they were crossing the English Channel, the use of Radio Frequency equipment was 
further investigated for passive and active imaging systems. It was reported2 in 1955 that, “a radiometer coupled to a 
directional aerial forms an instrument which has many possible uses. Among these is the detection (from the air) of man-
made objects by virtue of the microwave radiation which they emit or reflect, i.e. passive microwave detection”. This 
early work explored the feasibility of passive millimetre wave imaging eventually resulting in an imager known as Green 
Minnow operating at 35 GHz. This instrument which is described in more detail in section 2 used mixers with whisker 
contact diodes and vacuum tubes for local oscillator and intermediate frequency amplifiers. 
 
Since these early developments micro and nano semiconductor technology has produced many ground breaking devices. 
In this paper we review their development and the impact they had on system performance. The first major step was the 
introduction of Gunn and IMPATT diodes providing solid state sources for transmitters and local oscillators. Then 
whisker contacted diodes were replaced by planar diodes in mixers and gallium arsenide transistors provided wide 
bandwidth, low noise, compact intermediate frequency (IF) amplifiers. These enabled the build of instruments such as 
MITRE3, a 94 GHz passive imager, to demonstrate excellent image quality which is described further in section 3. 
 
MITRE however was not real time, requiring tens of seconds to collect an image. To achieve real time imaging many 
parallel receivers were needed, coupled with an efficient scanning mechanism. This was achieved by using arrays of 
direct detection receivers that were constructed using monolithic microwave integrated circuits (MMICs) amplifying the 
millimetre wave radiation before detection. This also allowed the mixers and local oscillators to be dispensed with, 
leading to a much simpler architecture that could more easily accommodate a large number of receivers. Two imagers 
based on MMIC technology are described in section 4. 
 
As an alternative to using semiconductor devices to amplify and detect the radiation, bolometers have been developed. 
Bolometers have much simpler architectures as they do not use amplification but they are also less sensitive. By cooling 
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Figure 6 0.25 µm gate Low Noise pHEMT GaAS FETiii 

 
One example of an imager using this technology was an 8 channel 94 GHz imager known as MITRE3. It had a 1.2 m 
square Cassegrain antenna mounted on azimuth and elevation gimbals, which were operated by DC servos under 
computer control. Each heterodyne radiometer had a noise temperature of about 600 K with an IF bandwidth of 2 GHz. 
The imager is shown in Figure 7a with an image in Figure 7b. MITRE established that passive millimetre wave imaging 
provided useful imagery for both surveillance and security and was able to penetrate obscurants. Its major limitation was 
its size, part of which was due to the gimbals and the fact that it took several seconds to produce an image. 

  
Figure 7a. MITRE imager b. 94 GHz Image of Severn Valley from the Malvern Hills UK. 
 

The heterodyne approach has continued to be used at frequencies where direct amplification is not possible and systems 
have been developed at 250GHz8. 

4. MONOLITHIC MICROWAVE INTEGRATED CIRCUITS 
In the late 1980s the first monolithic microwave circuits began to appear based on gallium arsenide at 18-22GHz 
consisting of simple elements such as a mixer and amplifier. Over the next ten years with further refinement of the 
process it became possible to fabricate a direct detection receiver at 94GHz from one or two chips. This in turn made it 
possible to dispense with the mixer and local oscillator which had prevented the use of a large number of receivers. An 
early example of this was the 94GHz starring array camera produced by TRW9 (see Figure 8). In this device gallium 
arsenide MMICs with 0.1µm gates were used to construct receivers. 40 receivers were mounted on a card and 26 cards 
were assembled into a focal plane. In total the camera had 1040 94GHz receivers with an 18” diameter plastic lens, 
updated at 17Hz and had a temperature sensitivity of 2K.  

                                                 
iii http://www.rfglobalnet.com/doc/SPF-2086T-01-12-GHz-Low-Noise-pHEMT-GaAs-FET-0002 
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