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Abstract—Modern heterodyne mm and sub-mm ultra low noise receivers used for Radio Astronomy have evolved to provide very wide instantaneous bandwidth. Some of the configurations used in present cryogenic front-ends, like sideband separating mixers and balanced amplifiers, need 90º hybrids at the IF, typically in the 4-12 GHz band. There are commercially available devices covering this band with good ambient temperature characteristics, but their cryogenic performance drops to unacceptable levels. 
We describe the design, construction and measurement of a multioctave stripline hybrid for the 4-12 GHz band specially conceived to survive and fulfill accurate specifications (amplitude unbalanced ±0.3 dB, phase unbalanced ±2º, return loss better than -22 dB) when cooled to 15 K (-258ºC). The materials and mechanical construction have been specially selected and the result is a very compact, reliable and low thermal mass device, able to survive extreme thermal cycling. The coupling and reflection show very little temperature dependence. The comparison of the results of a typical commercial unit with the new design presented clearly shows its advantages at cryogenic temperature.

As a demonstration of the prototype, a balanced cryogenic amplifier using available single ended amplifiers has been built. The results of the three options: a) single ended, b) input cryogenic isolator and c) balanced amplifier are critically compared. The average noise temperature obtained in each case is a) 6.6 K, b) 7.6 K and c) 10.8 K. The use of the single ended configuration is not practical due to the high input reflection. The result clearly shows an advantage of about a 40% in terms of noise temperature of the balanced amplifier versus the input isolator option. Besides, in practice, cryogenic isolators are hard to procure and show poor unit to unit repeatability. The additional complexity of the balanced amplifier could be justified in some cases if ultimate noise performance is a must.
