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A simple method to identify parametric oscillations

in power amplifiers using harmonic balance solvers
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Roberto Quaglia, Member, IEEE, Marco Pirola, Senior Member, IEEE

Abstract—A qualitative method to verify the presence of
parametric oscillations at f0/2 in power amplifiers is presented
and validated. It relies on the simultaneous application of fun-
damental and sub-harmonic tones to trigger possible parametric
oscillations and can be implemented in any commercial harmonic
balance solver without requiring any external software that may
be expensive or however not available to the designer. A wide
applicability is guaranteed by the fact that this method does
not require access to any internal node of the circuit. In fact,
the amplifier is handled as a black-box where only the input
and output ports are accessible. The stability check is firstly
demonstrated on a simplified case study and then validated on
a real K-band integrated power amplifier, where it correctly
reproduces with simulations the parametric oscillations observed
by measurements. On the redesigned amplifier, the proposed test
predicted the absence of oscillations, which has been confirmed
by the experimental characterization.

Index Terms—CAD Tools, Harmonic Balance, MMIC, Para-
metric Oscillations, Power Amplifiers, Stability.

I. INTRODUCTION

One of the main issues faced by Power Amplifier (PA)

designers is related to stability, especially in multi-stage com-

bined PAs. While there are consolidated strategies to assess

stability in linear conditions (small-signal stability tests, such

as Rollett [1] and Ohtomo [2]), large-signal stability analysis

is much more complex [3]. Among non-linear stability issues,

a well known and very dangerous phenomenon is represented

by frequency division, i.e. parametric oscillations occurring

at half the fundamental frequency f0 for a certain range of

input power levels. Parametric oscillations can be induced in

a passive resonant system when a reactance variation exceeds

a given threshold [4]. In amplifiers, this variation usually

takes place at the input of the active device, whose gate-to-

source non-linear capacitance Cgs depends on the dynamic

large-signal working point, i.e. on the input power level. This

capacitance interacts with the equivalent inductance presented

to the gate of the device by the matching and bias net-

works, possibly creating a high-Q resonance at sub-harmonic
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Fig. 1. Diagram of the simulation setup for parametric oscillation test.

frequencies, typically at f0/2. Parametric oscillations are a

large-signal issue since the above described condition occurs

typically when the Cgs varactor is pumped above a certain

level. Therefore, they cannot be investigated through small-

signal stability analyses.

Several techniques to analyze large-signal stability have

been proposed in literature [5]–[11]. These general methods

are able to detect instability at any frequency and quantify

stability margin of the circuit under test. However, although

implemented within commercially available tools, they typi-

cally require computations (eigenvalues and characteristic de-

terminant calculation, pole/zero identification, etc.) for which

it is necessary to resort to external software, not always

available to the designer and possibly expensive. This makes

also less practical the exploitation of the RF CAD optimization

and tuning resources.

In this work, we propose a simple real-time method to

identify parametric oscillations at f0/2 using the Harmonic

Balance (HB) solver embedded in commercial RF CADs. The

proposed method can be considered a stability check rather

than a stability analysis, since it is able to detect the presence

of oscillations without giving quantitative indications and it

is limited to the subharmonic frequencies of the fundamental

tone. Nonetheless, since it does not require direct access to the

internal nodes of the PA under test, nor data post-processing

in external computation/visualisation tools, it represents a fast

and simple method to help designers to deal with the common

frequency division issue. The method is applied to a simplified

case study, and then validated on a real power amplifier, which

showed in measurements parametric oscillations, and on its re-

designed version.

II. SIMPLIFIED STABILITY ANALYSIS

The proposed method allows to identify parametric oscil-

lations at sub-harmonics by exploiting a commercial CAD

HB solvers. It is inspired by experimental PA characterization
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Fig. 2. Circuit schematic of the simplified case study. FET model parameters
are: Cgs0 = 0.2 pF, IDSS = 0.6A, Vth = −1V, Vbi = 1V, Rch = 10Ω,
τ = 1 ps; RS = 5Ω. The device is biased in class-B and ideal tuned load
approach (with RLopt = 15Ω) is implemented.

and consists in exciting the circuit at both the fundamental

and at the sub-harmonic frequency of interest and observing

the output signal at both frequencies. In principle, any sub-

harmonic of f0 can be tested, as shown in Fig. 1. However,

since in practical cases only f0/2 is of interest, as parametric

oscillations usually occur at this frequency, the rest of the

paper focuses on this specific case. A single-tone HB analysis

is set-up where f0/2 is used as base frequency. In this

perspective, f0/2 is no more the result of an intermodulation

between the fundamental carrier and the perturbation source,

as it would be in a 2-tone HB simulation, but it is the

fundamental tone of a single-tone HB simulation. The solver

order must be set to 2N (nN in the general case), where N
is the number of harmonics of f0 that need to be observed.

In a real circuit, noise is sufficient to trigger a parametric

oscillation, while to reproduce it in simulations a spectral

component at the sub-harmonic frequency is required. Since

numerical noise in simulation is often not enough to trigger

oscillations, an input source at the sub-harmonic frequency is

added. Its amplitude should be much smaller than that of the

fundamental to have a minimum effect on the overall perfor-

mance when no oscillations are present. As a rule of thumb,

-60 dBc should be a good trade-off, however, this value can be

swept to verify the response at different stimulus amplitudes.

The persistence of sub-harmonic spectral components when

the sub-harmonic stimulus is removed represents a strong evi-

dence of stability issues related to parametric oscillations. This

can be reproduced in HB simulation thanks to continuation

algorithms: they are commonly exploited in commercial HB

solvers to speed up convergence of parameter sweeps and

consist in the adoption of the last computed solution as the

initial guess for the following one, thus introducing a sort of

virtual memory.

III. DEMONSTRATION WITH SIMPLIFIED FET MODEL

The proposed method is shown applied to a simplified case

study. The adopted circuit is depicted in Fig. 2. The FET is

described by a quadratic Curtice model [12] (parameters in

Fig. 2), neglecting all parasitic and reactive effects but the

intrinsic gate-to-source capacitance Cgs. This accounts for the

varactor effect using a SPICE-like approximation implement-

ing the depletion capacitance of a reverse biased Schottky

junction. To model the inductive effect of the matching and

bias networks in a real PA, a lumped series inductance has

been inserted and sized so as to resonate with Cgs at f0/2, to

induce frequency division.
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Fig. 3. Test A: constant sub-harmonic input power. Results with (black) and
without (grey) oscillations.
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Fig. 4. Test B: turned-off sub-harmonic input power. Results with (black)
and without (grey) oscillations. Note that the behaviour of the sub-harmonic
component is the same as in Fig. 3.

The circuit is simulated at f0 = 1GHz, adopting 0.5 GHz as

HB base frequency and an HB order of 10 (up to the 5th har-

monic with a diamond truncation scheme). The input source at

f0 is swept from -30 dBm to 12 dBm, pushing the device well

into saturation. The secondary source at f0/2 is instead kept

constant. In this case a very small value, -110 dBm, proved to

be enough to trigger oscillations. This setup is referred to as

Test A. The simulation results are shown in Fig. 3: as expected,

for a certain level of fundamental input power the output power

at the sub-harmonic suddenly and sensibly increases, draining

power from the fundamental component, thus indicating the

presence of parametric oscillations. Close to saturation, as

often occurs in real PAs, the oscillations disappear, even in

presence of the input perturbation at f0/2. The same figure

shows the simulation results obtained when the inductance is

de-tuned from f0/2: in this case, the parametric oscillations

do not arise and the output power at the sub-harmonic remains

negligible with respect to that at the fundamental.

To verify if the induced parametric oscillations are self-

sustaining or not, a second simulation (Test B) is carried out,

turning off the tone at f0/2 once the oscillations have started.

As reported in Fig. 4, the sub-harmonic output power is not

affected by this operation and the oscillations disappear only

at saturation, analogously to Fig. 3.

IV. TEST-CASE: K-BAND DOHERTY POWER AMPLIFIER

The proposed method is validated by applying it to a

Doherty Power Amplifier (DPA), previously designed and fab-

ricated, that exhibited parametric oscillations during the large-

signal characterization. The 2-stage GaAs pHEMT Monolithic

Microwave Integrated Circuit (MMIC) DPA is shown in Fig. 5.
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Fig. 5. Microscope picture of the test-case DPA (2.9×1.4 mm2).
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Fig. 6. Results of the stability check on the test-case DPA.

It is based on the re-design of [13], targeting an improved

bandwidth of 20.8 GHz–24 GHz and 1 W output power for

microwave backhaul applications. Power measurements evi-

denced oscillations at f0/2 in the lower part of the operating

frequency range, up to 22.6 GHz.

The results of the proposed stability test at different f0 val-

ues are reported in Fig. 6. Experimental data and simulations

carried out with the presented strategy are in rather good agree-

ment: both predict strong f0/2 oscillation for f0 = 20.8GHz

at medium power levels, while at 22.4 GHz oscillations are

triggered for an higher input power and also the magnitude

of the sub-harmonic output is lower. Finally, simulations and

measurements above 24 GHz agree in not giving evidence of

any sort of instability. The simulations relative to Test B,
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Fig. 7. Results of the stability check (Test A) on the re-designed DPA.

shown in Fig. 6(b), confirm that, when present, oscillations

are self-sustaining.

The DPA was re-designed to eliminate the oscillations,

following an empirical approach aimed at modifying the

interstage matching network between driver and power stages

to reduce the inductive reactance presented at the gate of the

power device at f0/2, while keeping it unchanged at f0 to

ensure minimum impact on in-band performance. Oscillation-

free simulations are obtained after re-design, as reported in

Fig. 7. The large-signal characterization of the re-designed

MMIC confirms the absence of parametric oscillations and fur-

ther proves the effectiveness of the presented CAD approach.

V. CONCLUSION

A simplified method to identify parametric oscillations at

f0/2 in HB commercial CAD environments is proposed.

The approach is demonstrated on a simplified theoretical

example and validated on a K-band MMIC DPA that presented

frequency division. The comparison with experimental results

before and after re-design confirms the effectiveness of the

method in predicting the presence/absence and qualitative

behaviour of the oscillations.
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