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 Abstract— This paper compares the performance of three sub-harmonic mixer designs operating over the 
spectral band 640-690 GHz. The mixers employ either discrete GaAs Schottky diodes soldered on quartz substrate or 
integrated GaAs membrane Schottky diode technology. Schottky diode-based sub-millimeter wave receivers are a key 
enabling technology for remote sensing of the Earth. For example, the Ice Cloud Imager (ICI), part of the European Post-
EPS mission currently undergoing Phase A/B1 study,  is dedicated to the observation and characterization of ice clouds in 
spectral bands up to 664GHz. Furthermore, both passive and active imaging systems operating at 664 GHz are being 
widely developed for security applications.  
 In this context, three mixers were designed for the 640-690 GHz range. The first mixer uses a discrete anti-
parallel pair of Schottky diodes on an 8 µm GaAs substrate with associated matching circuitry on a 25 µm quartz 
substrate. The design is shown in the top left figure below. Simulations predict a minimum double sideband mixer 
conversion loss of 8.8 dB at 664 GHz, with a local oscillator power requirement of 5mW. is below 10 dB over the 
frequency range 640–690 GHz. The second and third mixers are both based on integrated 8 µm thick GaAs membrane 
technology. The mixer circuit is composed of a pair of Schottky diodes in a balanced series configuration integrated on an 
8 um thick GaAs membrane matching circuit. The same mixer design can either be used as a biasless version, top right 
figure, or a biasable mixer with integrated on-chip capacitor, as shown bottom centre. A DC voltage can be applied on 
both diodes via the on-chip capacitor in order to reduce the local oscillator power requirement. Simulations predict a 
reduction in LO power of 40% with negligible degradation in mixer performance. 
 All three mixers are being manufactured at the Rutherford Appleton Laboratory. This is also our first 
demonstration of an integrated circuit with on-chip capacitor on GaAs membrane. Full test results will be presented in 
the paper and presentation. 

           

 
Figure 1: GaAs Schottky diode based subharmonic mixers at 664GHz. Top right, discrete anti-parallel diodes 

on quartz; top left, integrated series diodes on a GaAs membrane and, bottom, biased diodes on a GaAs 
membrane with an integrated on-chip capacitor. 


