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Abstract:

In this paper, a new configuration of ten-phase ring voltage controlled oscillator (RVCO) is introduced. The introduced
oscillator is realized by coupling of two identical five-stage ring oscillators. Coupling of the identical VCOs is done by
reusing some of the active devices employed in the proposed circuit without using the extra components. Stages of each
core VCO are derived from the current-starved delay cell. Due to the crosswise coupling, the signals at the common
mode nodes of one VCO are injected into the other, and vice versa which this interaction forces the proposed circuit to
generate ten output voltages with same amplitudes and frequencies. The proposed oscillator achieves a frequency tuning
range of 60 % and produces ten output signals with 360 phase difference. The proposed circuit can oscillate from 1.1
GHz to 2.05 GHz by varying the controlling voltage from 0.55 V to 0.85 V. The circuit phase noise is -99.25 dBc/Hz at
1 MHz offset frequency and its figure of merit is -184 dBc/Hz.
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1. Motivation of the work

Oscillators are used as the building blocks for generating
carrier signals in transceivers and clock signals for
synchronization in communication systems and digital
circuits. One type of oscillator is the ring oscillator. The
design of a low-phase-noise, low-power ring oscillator
with high integration capability for generating multiphase
signals is of great interest to circuit designers. Compared
to LC-tank-based oscillators, ring oscillators offer higher
integration capability and a wider frequency tuning
range. As a result, ring oscillators are widely used in
integrated circuit (IC) design. Ring oscillators can be
classified into two categories: single-ended and
differential. Compared to the differential ring oscillators
which exhibit superior phase noise performance, single-
ended types are simpler and consume less power.
Although single-ended structures are less diverse than
differential ones, numerous studies in recent years have
focused on improving the performance of these
oscillators.

This paper presents a new configuration of ten-phase ring
voltage controlled oscillator (RVCQO). The introduced
oscillator is realized by coupling of two identical five-
stage ring oscillators. Coupling of the identical VCOs is
done by reusing some of the active devices employed in
the proposed circuit without using the extra components.
Stages of each core VCO are derived from the current-
starved delay cell. Due to the crosswise coupling, the
signals at the common mode nodes of one VCO are
injected into the other, and vice versa which this
interaction forces the proposed circuit to generate ten
output voltages with same amplitudes and frequencies.

2. Contributions

In the paper, a technique is presented that allows the
coupling of two single-output ring oscillators with an odd
number of stages, resulting in a new oscillator with even-
phase outputs. One of the advantages of the proposed
design in this paper is its simplicity and high
integrability. Specifically, an effort has been made to
utilize the internal components of the ring oscillators for
coupling to achieve good phase noise performance. The
proposed circuit offers an acceptable frequency range,
and the factors affecting frequency variation are analyzed
in detail in this paper. One of the key factors influencing
frequency variation is the transistor dimensions.
However, it should be noted that while increasing the
transistor size enhances the charge and discharge current
of the load capacitor, it also leads to an increase in the
load capacitor size. Therefore, transistor sizing must be
carefully managed to establish a trade-off between the
charge/discharge time and the load capacitor size.

3. Procedures

The performance of the designed circuit was first
simulated in Cadence software using 180 nm technology.
The dimensions of each transistor were determined based
on the governing frequency equations, specifically the
relationships related to the propagation delay of each cell.
During the simulation process, key circuit characteristics,

including frequency range, power consumption, phase
noise, and waveform amplitude, were examined and
analyzed.

To further evaluate the performance of the designed
oscillator, simulations were conducted across process,
voltage, and temperature (PVT) corners. In addition to
these simulations, a Monte Carlo simulation was
performed 100 times to assess the oscillator's frequency
variations due to process variations and mismatches.
Furthermore, the circuit’s performance was compared
with several previously proposed ring oscillators to
provide a clearer perspective on its advantages. All
comparison results have been compiled into a table to
facilitate an easy comparison for the readers. Some of the
papers used in this comparison and analysis are listed in
the references section.

4. Findings

The design and simulation of the proposed oscillator
were carried out using Cadence software with 0.18 um
CMOS technology. The output voltage waveforms of the
proposed circuit were analyzed at an oscillation
frequency of 2 GHz. The control voltage required to
achieve this frequency was set to 0.75 V. The proposed
oscillator is capable of oscillating within the frequency
range of 1.1 GHz to 2.05 GHz, providing a tuning range
of approximately 60%. To better understand the
frequency variations of the proposed oscillator, the tuning
range was evaluated by varying of control voltage from
0.55 V to 0.85 V. In the designed circuit, an increase in
the control voltage results in an increase in the oscillation
frequency.

The phase noise of the proposed oscillator was simulated
for frequency offsets ranging from 1 kHz to 10 MHz.
According to the simulation results, the phase noise at a 1
MHz frequency offset is -99.25 dBc/Hz. Furthermore, to
evaluate the oscillator's performance more
comprehensively, the variations of phase noise with
respect to the control voltage were analyzed, revealing
that phase noise fluctuations remain minimal across a
wide control voltage range.

Additionally, the proposed oscillator was simulated under
process, voltage, and temperature (PVT) variations. The
oscillation frequency, power consumption, and phase
noise at a 1 MHz frequency offset were analyzed under
different process conditions, including typical-typical
(TT), slow-slow (SS), and fast-fast (FF) corners.

5. Conclusion

In this paper, the structure of a novel 10-phase ring
oscillator is introduced and described. The proposed
structure is obtained by cross-coupling two single-output
5-stage ring oscillators. The coupled oscillators are based
on modified current-starved delay cells. The coupling
method presented in the proposed structure can also be
used in the design of other even-phase ring oscillators. In
contrast, single-output ring oscillators with an odd
number of stages always have an odd number of output
phases. In the coupling of the proposed circuit's
oscillators, no additional coupling elements are used,
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which significantly contributes to reducing the layout
area and phase noise of the designed circuit. As a result,
the proposed oscillator features high integration
capability and low phase noise. The oscillation frequency
of the proposed circuit is 2 GHz, and its power
consumption is 2.65 mW. The phase noise at a 1 MHz
offset from the center frequency is -99.25 dBc/Hz. The
oscillator's figure of merit (FoM), considering the
frequency range, is -184 dBc/Hz.
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