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Controlled Oscillators with SmartSpice-RF

1. Abstract

A novel simulation method of the steady-state of oscillators,
based on Harmonic Balance (HB), is presented. A compari-
son with regular transient simulations demonstrates its ad-
vantages on a feedback voltage-controlled oscillator (VCO).

2. Introduction

Oscillators are the key components of many radio fre-
quency (RF) circuits. Simulating their steady-state and ex-
tracting their characteristics (oscillation frequency, power
spectra, phase noise...) has become one of the most critical
challenge in the design yow. Regular SPICE transient sim-
ulations suffer from severe drawbacks on these circuits.
First, simulation run times are often prohibitive to reach
the steady-state, particulary for high-Q circuits, which
are the major part of today®s RF applications. Second, it is
necessary to manually start the oscillator, which is not an
easy task and can lead to false steady-states. Third, phase
noise characteristics can not be extracted directly from
transient results. And sweeping a parameter (for example,
to study the oscillation frequency dependance of a VCO)
is very costful, since the simulation time is simply multi-
plied by the number of sweeping points.

SmartSpice-RF propose a new method which remains
fast and accurate in all these situations where transient
simulation fails or shows poor performance. Based on
Harmonic Balance, the oscillator steady-state is computed
directly in the frequency-domain thanks to a two-stages
method. In the following, we prst describe brieyy the
method, then shows its application on a feedback VCO
and compares its performance to transient simulations.

3. Basics of the Method

A two-stages approach [1] is used to compute the steady-
state of autonomous circuits. It uses the concept of a
probe. A probe is a special-purpose voltage source which
behaves as a pure sinusoidal generator at the oscillation

fundamental frequency, and an open circuit at all other
frequencies. This component must be inserted in the
circuit to compute the frequency and oscillation level at
insertion point.

First, SmartSpice RF uses an initialization procedure to
pnd the probe voltage corresponding to the probe admit-
tance minimum at the oscillation frequency estimated
by the user. Then it operates an optimization procedure
to compute the oscillation frequency and magnitude of
the probe. This stage ends when the current across the
probe is considered as null (the probe is then like discon-
nected) or when the accuracy on oscillation frequency is
reached. At this frequency, the circuit must be an oscillator.
The method requires a good starting point for the oscilla-
tion frequency to have good convergence properties. If the
user doesnit know accurately enough the expected oscilla-
tion frequency, a linear AC simulation, a S-parameter simu-
lation can be run to determine a satisfying initial guess.

Success and efpciency of analysis depends also on where
the probe is connected. Typically, it should be inserted in
parallel with the resonator or in parallel with the load.
Since the probe must have some effect on the oscillation,
it should not be placed after the buffer nor in the biasing
circuitry. SmartSpice-RF can handle 1-tone autonomous
circuits, as well as efpcient parametric sweep, allowing
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Figure 1. O{Jtput voltage waveforms at node 3 and 4.
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applications like VCO frequency tuning. Additionnally,
a small-signal noise analysis can be performed around
the steady-state operating point to compute phase noise
(as well as total output noise). Phase noise is usually
characterized in terms of the single-sideband noise spec-
tral density. The phase noise is depned as mean-square
noise voltage density to the mean-square carrier voltage,
and reports the ratio in decibels [2]:

V2/(SQ)

L(S=2) = 10log v
sig

The most commonly used unit for phase noise is power

below the carrier per Hertz, expressed in dB, or dBc/Hz, at

some offset frequency S2 from the carrier frequency =

One of the possible ways to model phase noise in oscilla-
tors is a noise mixing analysis. The noise at the sidebands
on either side of the carrier (=) N &= ) is obtained from
small-signal mixer analysis where noise sources (S2 +
k=, ) mix with the oscillator large signals (k=) to pro-
duce noise sidebands. These noise simulation results are
then used to compute the phase noise.

4, Example

We consider aregular Wien-Bridge oscillator circuit, which
contains two basic sections: an RC tuning network and an
ampliper. In the RC tuning network, the capacitance value
Ctune can be swept to control the oscillator frequency. A
UAT741 ampliper is used, containing 16 BJT transistors. The
corresponding SPICE netlist is given below:
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Figure 2. Power spectrum at output node.
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The analysis statement looks like the following:

Jubuuyoubuyoodag
8
Uuuuioa iU U

I

A logical choice is to connect the probe in parallel with
the RC feedback network (LUUUULLLLL). The theoretical
center pulsation characterizing the feedback network
is equal to 1I/(RC). Let R and C be the resistance and
capacitance values of the prst sweeping point. It is a
good choice for the initial oscillation frequency (JUULL
Y [T

The speciped number of harmonics (JULUULL) is chosen
so that aliasing, which is a common phenomenon to all
HB-based methods, is negligible. The required accuracy
on the computed oscillation frequency is set to 0.1 Hz
(JuuLUUUUUUUULLL). The HOSCIL statement propose
a lot of other tunable parameters allowing a pne control
of both the accuracy and the convergence quality, which
are beyond the scope of this paper. The last line specipes
that the capacitance of the RC tuning network (LUUUUU) is
swept from 0.8 nF to 1.2 nF, with steps of 0.05 nF, which
will induce a sweep of the oscillator frequency.
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