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Abstract— Recent advances in W-band GaN-based MMIC power amplifiers and power-combined GaAs power amplifiers indicate that continuous-wave power around 1 W will soon be available in the 75-110 GHz band.  As more power at W-band becomes available to drive frequency multipliers, the power handling capability of the multipliers becomes increasingly important.  Temperature rise for a given input power is directly proportional to the Schottky diode-to-metal waveguide block thermal resistance. The goal of the technique presented here is to reduce this thermal resistance by attaching a diamond film to the back side of frequency multiplier chips in order to improve the power handling of the submillimeter-wave frequency multipliers.  Polycrystalline diamond film has been selected as the material for providing thermal management due to the high thermal conductivity (1000-1200 W/m∙K), which is approximately 2.5 times greater than copper (401 W/m∙K) and 20 times greater than GaAs (46 W/m∙K).  The diode area is the hottest spot and the diamond film can reduce this temperature by approximately 200° C at 250 mW input power according to finite-element thermal models. 
Tests of a tripler to the 235-265 GHz band with a diamond heat-spreader showed that the conversion efficiency remained above 10% up to 350 mW input, with 40 mW of output power measured from a single multiplier chip.  For the same tripler without a diamond heat-spreader, the conversion efficiency drops below 10% above 200 mW input due to heating of the diodes, and the chip failed at about 240 mW input power.  A similar measurement was made for a tripler designed to cover the 260-340 GHz band.  A maximum 27 mW of output power (with 408 mW input power) was measured before the chip showed signs of saturation, while the output power of the chip without diamond peaks at 22 mW with 300 mW input power and thereafter drops off quickly.  It is important to note that these frequency multipliers were not originally designed for diamond heat spreaders, and that optimized designs tuned for the additional dielectric material loading the waveguides should operate with higher conversion efficiency.  In addition, we have tested short-term reliability by continuously operating the 250 GHz tripler at 40 mW output power for 38 hours.  We were not able to detect any change of the efficiency and output power.  





















