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Short Abstract

A novel bias regulator circuitry is introduced for the class-C LC-VCO in this paper, that results in reduced phase noise and amplitude-enhanced and more
robustness of start-up than conventional class-C VCO. Setting the bias voltage is such that in the start-up, Vyiss to be larger than the threshold voltage and
provide a safe start-up, then in the steady state oscillation, it goes less than Vy, and increases the maximum oscillation amplitude. In the proposed bias
circuitry, by combining the ring oscillator circuit and a rectifier and two inverters in the first stage, a step voltage signal is created which changes from 0 to
Vpp and then by applying it to the second stage and the switching operation of the transistors in this stage, the appropriate Vi, is provided. The proposed
VCO is implemented in RF 0.18um CMOS process and is simulated by Cadence. Based on the post layout simulations results, the phase noise of the proposed
VCO is -121.3dBc/Hz at 1MHz offset frequency from a 5GHz carrier and the power consumption is 2mW, resulting in a FoM of 192.24dBc/Hz.
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1-  Short Introduction

In the LC cross-coupled Class-C VVCO, applying a bias voltoge to the gate of the core transistors, Vui,s, by RC biased network together with a large tail
capacitance in the parallel to the current source, to prevent the transistors from working in the deep triode region and make impulse-like current waveforms
of the core transistors and also filter off the high frequency noise from the bias current, results in about 3.9 dB phase noise reduction, compared to the
traditional cross-coupled LC-tank oscillator. But the class-C VCO exhibits a trade-off between maximum oscillation amplitude and start-up robustness and
as a result, oscillation amplitude is limited by the value of Vi, to around half of the supply voltage. So, it is essential to present new ideas to solve this trade-
off and increase oscillation swing of class-C VVCO, while maintaining the advantages of class-C operation.

2-  Proposed Work and Methodology

In this work, a new bias circuitry is proposed for the core transistors in class-C VCO that adjusts the voltage of the gate node of the cross-coupled transistors,
Vhias, 10 less than the threshold voltage of technology at the start-up phase, so it enables the VCO to start oscillating with an operation close to a traditional
cross-coupled LC-VCO for robust start-up. Also, the bias circuitry sets Vi, above the voltage threshold at the steady state phase, hence the oscillation
automatically adapts to an amplitude-enhanced class-C VCO when it reaches the steady-state oscillation. Therfoere, the main trade-off in the conventional
class-C topology is broken, results in improved phase noise performance. The bias circuit consists of two parts: the first, delay generator stage and the second,
voltage regulator stage. First stage, consists of a ring oscillator and a rectifier and two inverters, generates a step signal between 0 to Vpp. In fact, there is a
delay in the arrival of the input voltage of the second stage from zero to Vpp. This delay time is the start-up phase and after this, steady state phase begins.
The second stage, adjusts Vs to the required values in the start-up and steady-state phases, by using the switching operation of the transistors in the triode
and cut-off regions, as well as using the voltage sources with the diode-connectd structure. Compared to relevant papers, the proposed bias circuitry, dose
not load tank directly and adjusts bias voltage precisely by a reference voltage, and it has a low power consumption and low contribution to phase noise. On
the other hand, by increasing the transconductance of the core transistors at the start-up, it allows to reduce the width of the core transistors with respect to
the conventional class-C VCO and thus maximize the swing and minimize the phase noise. Improved performance of the proposed class-C VVCO is verified
according to simulation and post layout simulation results.

3-  Conclusion

In This paper, a novel class-C VCO with a a new bias technique was proposed to provided a robust start-up against the PVT variations and had higher
oscillation swing and lower phase noise with respect to the conventional class-C VCO. After describing the advantages and disadvantages of the class-C
VCO compared to the traditional class-B LC-VCO, an analysis was performed on the parameters affecting the start-up and the amplitude and the phase noise
of the class-C VCO that revealed the trade-off between high swing and the robust start-up in this VCO. Then, the proposed bias circuitry was introduced to
set DC voltage of the gate node of the core transistors to less than the threshold voltage of technology at the start-up phase and above the voltage threshold
at the steady state phase of the oscillation. Then the proposed circuit operation and its optimum design were described. Finally, simulation and post layout
simulation results confirmed promising and improved performance of the proposed class-C VVCO.
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