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A B S T R A C T

This paper presents the theoretical principles and the measurement results of a fully integrated Ku-band coupled
Voltage Controlled Oscillator (VCO) with very low phase noise, implemented in the QUBiC4X 0.25 μm SiGe:C
BiCMOS process of NXP semiconductors. The originality of this design consists in using two coupled VCOs based
on an original modified cascode architecture with a customized resonator using a back-to-back varactor config-
uration. Under 5 V supply voltage and a maximum power dissipation of 231.5 mW, the proposed VCO features a
phase noise of �121.4 dBc/Hz at 1MHz frequency offset. The VCO is tuned from 13.53 GHz to 14.79 GHz with a
tuning voltage varying from 1 V to 4.5 V and occupies 0.84� 1.85mm2.

1. Introduction

Point to point communications require the use of oscillators and then
VCOs with very high phase noise performance in the Ku-band to reach
higher data-rate and new applications. State-of-the-art performance
regarding phase noise are generally observed for VCOs using the high
resistivity, high voltage substrates of the III-V semiconductors com-
pounds such as GaAs, GaAs InGaP or GaN [1–4]. Re-configurability for
multi-band and multi-standard applications with high integration possi-
bilities are the major guidelines for the future designs. Therefore, these
guidelines continuously increase the interest in transferring such per-
formance to the low-cost, mass-production technologies process, hence
Si-based. Many researches have been done over time to model and lower
the phase noise level in oscillators and VCOs. The works of Leeson [5]
and Hajimiri [6] on noise modelling in oscillators are the two main
cornerstones that help designers to build high performance oscillators
and VCOs. Trends have emerged in the design of very low phase noise
VCOs and several architectures have been proposed with different pros
and cons. The cross-coupled differential pair (CCDP) is one of the most
used architecture because of its relative easy implementation and good
start-up conditions. However, it is not recommended when very low
phase noise is the main concern. This is well explained in Ref. [7], where
the proposed VCO based on two complementary CCDP exhibits a phase
noise (PN) of �105.25 dBc/Hz at 1MHz frequency offset from a

12.7 GHz oscillation frequency and under an extremely low 3mW power
consumption. Nevertheless, one can note that more recently in Refs.
[8–10], the use of a CCDP with a transformer coupled tank presents low
phase noise, such as a �117.2 dBC/Hz @ 1MHz frequency offset from a
10.52 GHz carrier using a 90 nm CMOS process in Ref. [8]. In Refs. [11,
12], CCDP are used in an original way to maintain good start-up condi-
tions and improve the power efficiency. It is demonstrated in Ref. [11]
that with bipolar differential LC oscillators, class-C operation results in an
improved performance compared to class-B biasing. Other architectures,
such as Colpitts oscillators, naturally fit the Hajimiri's model recom-
mendations [6] and are predisposed to reach low phase noise level but
this comes at a cost: poor start-up conditions. Still in Ref. [11], simula-
tions show that the Colpitts oscillator shows a comparable performance
to the class-C differential LC oscillator in terms of phase noise but the
current efficiency of the class-C differential LC oscillator is superior.
Other works [13,14] proposed modified “gm boosted” versions of Col-
pitts architectures to improve the start-up conditions. In these papers, a
drain-to-source (DS) feedback based gm-boosting technique is used to get
a higher conductance (in absolute value) and improve the start-up con-
ditions. The class-C behavior of those architectures makes them, ac-
cording to Hajimiri's model, more able to reach very low phase noise
levels. In 2011, [15] detailed a 0.18 μm CMOS differential Colpitts VCO
with low power consumption and a �110.8 dBc/Hz phase noise from an
18.95 GHz carrier.
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Recently in Ref. [16], an original Push-Push configuration is proposed
with a wide and linear 16% tuning range (TR). The phase noise at
100 kHz frequency offset from the carrier at 11.7 GHz is as low as
�98.5 dBc/Hz. But factually, none of the existing architectures imple-
mented in Si-based process can directly compete with the demonstrated
high performance VCOs implemented in III-V semiconductors com-
pounds based process [1–4]. Motivated by this observation, a practical
single VCO that makes use of original active and passive architectures has
been developed [17]. In this work, we will provide more thorough study
on this architecture together with a fabricated coupled version of it. It
proposes to investigate, through a theoretical analysis, the ability of a
novel VCO architecture using the SiGe:C process to challenge the VCOs
using the III-V technology process in the Ku band. In Section 2, a com-
plete analysis of the proposed architecture is performed. The first sub-
section detailed the active part with a small signal comparative analysis
between several previously quoted architectures and a large signal
analysis with phase noise considerations. The following subsection de-
scribes the proposed tank configuration starting with a reminder of the
conversion matrices formalism. This formalism will then be applied to
the proposed tank architecture and highlights the interest of such a
structure. Section 3 presents the measurement results, demonstrating
that the realized coupled VCO achieves the very low phase noise level of
�121.4 dBc/Hz at 1MHz frequency offset from a 14.6 GHz carrier with
an 8.9% TR. Conclusions follow in Section 4.

2. Proposed original coupled cascode VCO

The proposed original cascode VCO architecture is presented in Fig. 1.
The single version is made of two stacked bipolar transistors stages with a
collector-emitter capacitor feedback (C1 and C2) and a cross-coupled pair
(TA and TB). The Vb and Vb2 voltages are set to 3.4 V and 2.6 V respec-
tively, and are obtained using an improved new version of the previously
used bias circuit in Ref. [17] made of transistors' base-emitter diodes and
large resistors from the 5 V supply voltage Vcc. This new bias circuit is not
presented here since it is detailed in a forthcoming paper.

Several reasons lead the authors to propose this original architecture.
Based on [11], the simulations show that the Colpitts oscillator exhibits a
comparable performance to the class-C differential LC oscillator in terms
of phase noise. In the same time the current efficiency of the class-C
differential LC oscillator is superior. The first studies were performed
on a similar architecture but without the T3, T4 bipolar stages. Consid-
ering this simpler topology under a 5 V supply voltage, it was not possible
to bias correctly the T1, T2 bipolar stage to reach very low phase noise
level without pushing either the base-collector junction of T1, T2 into
forward bias or the collector-emitter junction into avalanche breakdown
region. Keeping a 5 V supply voltage is not an option in this project
because it is important to get a high oscillation amplitude in order to
maximize the dissipated energy in the tank and consequently to minimize
the phase noise [5]. Therefore, using a cascode configuration is an
appropriate solution to avoid base-collector junctions from entering into

Fig. 1. Schematic of the cascode VCO architecture.

Fig. 2. Equivalent models for: a) the transistor, b) the resonator and c) the oscillator.
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