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Abstract

This paper discusses the design and implementation of low-noise amplifiers and
sub-harmonic mixers in the sub-terahertz and terahertz frequency bands, dividing the
content into two main sections.

Firstly, the initial part introduces a low-noise amplifier with extremely high gain
in the D-band, composed of a four-stage Gmax-core amplifier realized in a 40-nm
CMOS process. Traditionally, constructing the Gmax-core offers infinitely many
combinations, typically achieved using a network composed of three linear, lossless,
and reciprocal elements. However, this paper proposes a Y-embedded network
constructed with transformers, which improves upon the limitations of traditional
single-bias configurations. By biasing the gate and drain separately, this method not
only reduces power consumption but also achieves higher gain and lower noise figure.
Measurement results demonstrate a peak gain of 27.74 dB at 143.5 GHz, with a 3 dB
bandwidth of 7 GHz and a noise figure of approximately 9 dB.

In the second part, two sub-harmonic mixers with tunable frequency up to 300
GHz are designed, both utilizing a 65-nm CMOS process. By selecting different
circuit architectures, the resistance value of the transistors can be varied periodically
to generate LO frequency. Finally, the LO doubling is achieved by parallel transistors,
enabling up/down frequency conversion with IF/RF ports. Simulation results show
conversion gains of -16.4 dB and -20.4 dB respectively, without using DC pads,

leading to significant reduction in chip area and zero power consumption.

Keywords: Terahertz, Sub-terahertz, CMOS, Transformers, Low-noise amplifier, Sub-

harmonic mixer, Gmax-core
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