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Abstract

This paper presents the design of a low phase noise voltage controlled oscillator (VCO), which offers higher transconductance
(gm) by the use of parallel MOSFETs. Here, two NMOS transistors are connected in parallel with the cross-coupled NMOS
transistors of a conventional cross-coupled VCO. So, the total negative conductance offered to the circuit to cancel out the parasitic
resistance of the LC-tank is increased. This negative conductance is achieved without dealing with larger transistor size or any other
passive elements. Hence, power dissipation and silicon area are reduced. Further, dynamic threshold MOSFET (DTMOS) with a
capacitive division technique is implemented to increase the voltage swing, leading to a further decrease in phase noise. The
proposed VCO is designed and simulated in UMC 180 nm technology. It achieves a tuning range of 1.58e1.60 GHz about
200 MHz, with 6.09 mW power consumption at 1.1 V supply voltage. The phase noise is obtained �40.6 dBc/Hz at 1 kHz and
�120.44 dBc/Hz at 1 MHz respectively. So, it should be used in transceiver and PLL blocks for low voltage and low phase noise
applications.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Oscillators are broadly used in transceiver circuits
to generate a signal of particular frequencies. Oscilla-
tors are analyzed by considering all the parameters like
tuning range, phase noise, power, area, start-up, etc.
But among them, the most disturbing parameter is the
phase noise, which deviates the output a lot. Close-in
phase noise in CMOS LC oscillators is largely domi-
nated by flicker noise up-conversion. Sub-micrometer

devices show a larger flicker noise corner frequency,
leading to a larger phase noise. Therefore, under-
standing and minimization mechanisms of flicker noise
up-conversion are very important to get the lower
phase noise and adorable output.

Phase noise can be generated and affected by
various factors such as: quality factor (Q) of an oscil-
lator, noise of bias current sources, conversion of ad-
ditive noise to phase noise, cyclostationary noise,
current impulse injection, flicker noise up conversion
and noise around higher harmonics. Open loop Q
signifies how much an oscillator rejects the noise and
lower Q leads to higher phase noise [1]. Another factor
that contributes to phase noise is additive noise. The
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additive noise around ±u0 (fundamental frequency)
having a two sided spectral density with a peak of ƞ,
results in a phase noise spectrum with a normalized
spectral density and a peak of 2ƞ/A2. More to it, as an
oscillator performs noise modulation periodically,
noise sources in transconductor are considered to be
cyclostationary, which appear as phase noise later [2].
Phase noise also depends on start-up conditions. If the
current impulse is injected at the peak of the output
voltage, it leads to amplitude variation, which does not
affect the phase of the signal [1,3,4]. But, if the current
impulse is injected at the zero crossing of the output
voltage, a voltage jump appears which leads to phase
change [1,3,5]. The most significant phenomenon
leading the close-in phase noise (noise near to the
fundamental frequency) is up-conversion of flicker
noise to 1/f3 noise [1,3,6]. Along with this, higher
harmonics of impulse sensitivity function and noise
current at even harmonics also get translated to phase
noise around fundamental frequency [4,6]. Low fre-
quency components also get up converted around ±u0

[6]. Noise at higher harmonics of bias current gets
converted to the phase noise around ±u0 [6e8].

The active device parasitic also plays a significant
role. Flicker noise of active device modulates output
common mode (CM) level and it produces amplitude
modulation (AM) at the output. This leads to phase
noise through AM-PM conversion in varactors due to
nonlinear parasitic capacitances [2,4,9e11].

The dominant contributors to phase noise are the
transconductor active devices, whose flicker noise is
up-converted via three mechanisms, such as: (i)
Amplitude to phase noise translation due to nonlinear
tank varactors [10,11]. (ii) Amplitude to phase noise
renovation due to nonlinear transconductor parasitic
capacitance [12]. (iii) Modulation of the harmonic
content of the output voltage waveform, (Groszkowski
effect) [7,13,14].

To get a useful oscillator output, phase noise should
be minimized. Many different approaches are imple-
mented in previous research works to decrease the 1/f
noise contribution to the phase noise. The techniques
include use of p-channel devices, which have a decade
lower 1/f noise than n-channel devices [1,2]. The
capacitive coupling is used to suppress the 1/f noise
up-conversion in the differential oscillator. Replace-
ment of the current source with a tank circuit to remove
the 1/f noise contribution of the tail current also works
effectively [7,13,15]. The symmetric VCO design
approach and the body bias control technique are also
valuable for the circuit operation [16].

Besides the methods meant for 1/f noise reduction,
other methods can be used as remedies for phase noise
reduction, which is described in the following section.
With the use of a bank of digital-switchable capacitors,
AM-PM conversion in varactors, can be minimized
[11,17]. This solution drastically reduces the tank
capacitance nonlinearity without impairing the overall
VCO tuning range. Small area transistors are helpful in
reducing AM-PM conversion due to parasitic capaci-
tances [10]. In Refs. [16,18] the voltage biased topol-
ogy which is intrinsically less prone to amplitude
modulation is used. Effective phase noise diminution
of the oscillator can be attained by increasing the tank
quality factor [1]. The solution given in Refs. [19e21]
diminishes harmonic generation and so the Grosz-
kowski effect, but at the expenses of overload gain and
the start-up margin.

The increment of output voltage swing and quality
factor of the oscillator can be achieved by decreasing
the threshold voltage (Vth) and increasing the effective
negative conductance (Gm) of the circuit. From another
point of view, the demand for low power and high
performance systems has also grown rapidly and the
main approach for reducing power has relied on power
supply scaling. Since power supply reduction below
3Vth will degrade the circuit speed significantly,
scaling of power supply should be accompanied by
threshold voltage reduction. However, the lower limit
for threshold voltage is set by the amount of off-state
leakage current that can be tolerated. To extend the
lower bound of power supply, DTMOS are used with
the highest Vth at zero bias and the lowest Vth at
maximum bias (V ¼ VDD) [8]. So, instead of normal
MOSFETs or static body-biased MOSFETs, use of
DTMOSs is useful for reduction of both phase noise
and power consumption [22].

The proposed VCO is designed with two tech-
niques. Firstly, the use of parallel MOSFETs with the
cross-coupled pair, which boost the effective trans-
conductance (gmeff) and secondly, replacing all con-
ventional MOSFETs with DTMOSs. Since DTMOS
has lower Vth, the output voltage swing increases. As a
result, there is a lower phase noise operation [16].
However, in DTMOS, a capacitive division circuit is
connected in between the drain and source. The body is
connected dynamically to the drain through the
capacitive division circuit. This arrangement over-
comes body-source pn-junction forward biasing prob-
lem, leading to lower leakage current and lower noise.

The design and analysis of the proposed circuit are
presented in section 2. The simulation results and
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