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Abstract— There are several space applications for transistors with cutoff frequencies approaching 500 GHz. Advances in high electron mobility transistors (HEMTs) have enabled the fabrication of monolithic integrated circuits  in the high millimeter-wave and sub-millimeter-wave frequency regime. These high frequencies have been the domain of Schottky diodes just some years ago. 

At millimeter- and sub-millimeter-wave frequencies the atmospheric windows around 94, 140, 220, and 340 GHz are of great interest for passive and active remote sensing. At this frequency range planetary exploration, spacecraft landing, or the next generation high resolution radars to prevent space debris collision with spacecrafts are of increasing interest. THz radiometry needs broadband receivers with low noise temperatures which are necessary for a high temperature resolution. Additionally heterodyne receivers working at THz frequencies are interesting for space research, as they can detect the rotation spectra of several spurious gases. These receivers typically use sub-harmonic Schottky diode mixers, which need low phase noise LO (local oscillator) inputs generated by frequency multiplication and signal amplification. 

All these applications raise the demand for low-noise amplifier (LNA) MMICs with high gain, large bandwidth, and low power consumption. The use of In-rich InGaAs channels at HEMTs has resulted in sub-MMW amplifiers. InAlAs/InGaAs HEMTs can be grown pseudomorphic on InP or metamorphic on GaAs with comparable results. InP substrates have a better thermal conductivity but GaAs is more robust, cheaper and thus MMICs can be fabricated on larger wafers. The utilized grounded coplanar waveguide technology is very attractive at millimeter-wave and sub-millimeter-wave frequencies, due to the high isolation between adjacent lines, the low source inductance of the active devices, the compact transmission line dimensions, and the suppression of unwanted substrate modes. At IAF the realized metamorphic amplifier circuits demonstrate operational bandwidths and gains which are comparable to state-of-the-art InP-based HEMT tech​nologies. 
The developed mHEMT technologies are suitable for monolithic MMW integrated circuits. The e-beam defined T-shaped gates have a length down to 30 nm. We use grounded coplanar waveguides with different impedances from 30 to 70 Ohm on backside metalized 50 µm thinned wafers. A design library of passive and active devices has been implemented on Agilents ADS software consisting of transmission lines, MIM-capacitors, resistors, inductors, diodes and mHEMTs. Using this library, we have designed several MMICs among them a single chip 94 GHz FMCW-radar and radiometer, as well as 118, 140, 220 , and 300 GHz LNAs. The chips have been packaged together with a biasing ESD-protection circuit in split-block technology with WR-type flanges. 

