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Abstract

Stability analysis software helps to reveal any unwanted oscillations in an amplifier or other high-frequency design before committing
the design to an expensive foundry run. Stability can be difficult to achieve in microwave circuits with gain (nonlinear behavior), such as
amplifiers and oscillators. Amplifier designers, for example, have long dreaded the appearance of oscillations in a carefully considered
circuit. When that circuit is in monolithic-microwave-integrated-circuit (MMIC) form, a "fix" requires another foundry run. But help in
achieving microwave circuit stability has arrived, by way of the stability analysis (STAN) software developed by AMCAD Engineering and
sold by Maury Microwave Corporation.

This article, first appeared in print as the cover story in the August 2012 issue of Microwaves & RF magazine, and describes this new
modeling tool for circuit design. It is must reading for designers who need a better understanding of the nature of the linear or small-
signal stability or the nonlinear or large-signal stability of circuits at an early point in the design process.

Collaborating In Quest Of Stability

Maury Microwave Corporation (Ontario, California) and AMCAD Engineering (Limoges, France) began collaborating in 2010 to blend
their knowledge and experience in measurement and modeling device characterization. Maury Microwave and AMCAD—along with
their partner, Agilent Technologies—provide numerous measurement solutions. These include active, passive, and hybrid nonlinear
harmonic load pull measurement capabilities, ranging from a few MHz through 110 GHz using Maury's automated impedance tuners
and IVCAD software. The vector-receiver load pull capability offered by Maury/AMCAD (sometimes referred to as real-time load pull
capability) is achieved by using low-loss couplers between the tuner and a device under test (DUT), then measuring the calibrated a- and
b-waves from the DUT in real time for each impedance and drive power presented to the DUT. A variety of parameters, including inter-
modulation parameters and vector parameters such as AM-to-PM distortion, can be calculated from these waves.

Harmonic load pull measurements can be accomplished by using mechanical tuners (multiple single-frequency tuners joined together
with a multiplexer or cascaded serially, or multi-frequency single-box harmonic tuners), active tuning chains (consisting of a magnitude
and phase controllable signal generator and amplifier), or a combination of both.
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Software Simplifies

STABILITY ANALYSIS SOFTWARE HELPS TO REVEAL ANY
UNWANTED OSCILLATIONS IN AN AMPLIFIER OR
OTHER HIGH-FREQUENCY DESIGN BEFORE COMITTING
THE DESIGN TO AN EXPENSIVE FOUNDRY RUN.

1. This diagram
represents a circuit
for stability analysis,
with a small-signal
sinusoidal current

source connected at
a particular node.

Perturbation GIRGUIT | nany

GENERATOR introduction node
\ - ’ - /
mzﬁ; /Input frequency @ngw;a’ 1::;1
fin=9 GHz Num=1 Num=1
Fin=8.6 Z=50 Ohm Z=50 Ohm
ey Input power T E;pqnll;rrv(dbmlvm(P{p‘b T

x1

i) | HARMONIC BALANCE I

HarmonicB alance
HB1
Freq[1]=fin
Order1}=10 VAR
SS_MixerM ode=yes E VAR3
SS_star=f1 f1=tfstart+0.0001e9
S$8_Stop=12 f2=fend+0.0001e9
UseAlISS_Freqs=yes
MergeSS_F reqs=yes
=R Start T
VAR2 art sweep frequency
o001 oHz | A
fend=9 GHz -=se—— Stop sweep frequen
n_point=301 P P frequency

HO=m ixv_sond {0,13¥mix|_sond.i 0,1}

frequenemaien Number of frequency poinis

2. Stability analysis templates, such as this nonlinear template for ADS 2011, are used to
implement the AMCAD stability analysis capability with commercial CAE simulators.
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TABILITY CAN BE DIFFICULT

to achieve in microwave circuits

with gain (nonlinear behavior),

such as amplifiers and oscilla-
tors. Amplifier designers, for example,
have long dreaded the appearance of
oscillations in a carefully considered
circuit. When that circuit is in mono-
lithic-microwave-integrated-circuit
(MMIC) form, a “fix” requires another
foundry run.

But help in achieving microwave cir-
cuit stability has arrived, by way of the
stability analysis (STAN) software de-
veloped by AMCAD Engineering (www.
amcad-engineering.fr) and sold by Maury
Microwave Corp. (www.maurymw.com).
The tool, which works with a commercial
computer-aided-engineering (CAE) sim-
ulation platform—such as the Advanced
Design System (ADS) from Agilent Tech-
nologies (www.agilent.com) or Micro-
wave Office from AWR (www.awrcorp.
com)—is based on a stability analysis
technique that can locate and character-
ize the unwanted oscillations in power
amplifiers (PAs) that are evidence of in-
stability. The stability analysis tool helps
RF/microwave engineers develop net-
works that improve circuit stability with-
out sacrificing the performance goals of
the original circuit design.

Modeling tools like STAN are support-
ed by device characterization capabilities,
as provided by AMCAD and Maury Mi-
crowave (www.maurymw.com) with their
load-pull test systems. Device stability or
instability is often expressed in terms of
the Rollett stability factor, K, or the Lin-
ville stability factor, p. Graphically, they
are often shown in terms of the distance
from the center of a Smith chart to points
on an input or output stability circle, rep-
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resenting input or output net- Magnitude
works where instabilities may
lie. Spurious oscillations arise
from feedback loops, and can
start with device bias (the linear
or small-signal stability of the =
circuit) or the dynamic power
applied to the circuit (the non- f(GH)
linear or large-signal stability).
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dergoing analysis. Simplified
versions of the NDF approach
are easier to apply but may not
detect all cases of possible os-
cillation in a circuit design with
multiple active devices. The
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these approaches have been in- 3. This is an example of the graphical user interface used with

corporated in commercial CAE the STAN tool.
simulators for use with simple

stability analysis approach pro-
posed by AMCAD is based on a
pole-zero identification tech-

linear two-port networks, and are not re-
ally suitable for multiple-device networks
such as amplifiers.! Some small-signal
analyses have been presented in the lit-
erature,> but these are difficult to apply
to circuits with a large number of active
devices. While the stability envelope ap-
proach? has been implemented in a com-

mercial CAE simulator, it can be difficult
to determine the origin of an instability
and its start-up frequency.

Commercial CAE simulators typically
lack the capability to perform large-signal
steady-state stability analysis. A num-
ber of approaches have been developed
for microwave circuits,>!* but they ei-

nique previously developed.!! The meth-
od can be applied to DC, small-signal, and
large-signal stability analyses using simu-
lations obtained in commercial CAE tools.

The AMCAD approach calculates a
single-input, single-output (SISO) trans-
fer function for a circuit of interest linear-
ized about a given steady state. A simu-

COLLABORATING IN QUEST OF STABILITY

MAURY MICROWAVE CORP. (Ontario, CA) and AMCAD
Engineering (Limoges, France) began collaborating in 2010
to blend their knowledge and experience in measurement
and modeling device characterization. Maury Microwave and
AMCAD—along with their partner, Agilent Technologies—pro-
vide numerous measurement solutions. These include active,
passive, and hybrid nonlinear harmonic load-pull measurement
capabilities, ranging from a few MHz through 110 GHz using
Maury’s automated impedance tuners and IVCAD software.
The vector-receiver load-pull capability offered by Maury/
AMCAD (sometimes referred to as real-time load-pull capabil-
ity) is achieved by using low-loss couplers between the tuner
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and a device under test (DUT), then measuring the calibrated
a- and b-waves from the DUT in real time for each impedance
and drive power presented to the DUT. A variety of param-
eters, including intermodulation parameters and vector pa-
rameters such as AM-to-PM distortion, can be calculated from
these waves.

Harmonic load-pull measurements can be accomplished
by using mechanical tuners (multiple single-frequency tun-
ers joined together with a multiplexer or cascaded serially,
or multi-frequency single-box harmonic tuners), active tuning
chains (consisting of a magnitude and phase controllable signal
generator and amplifier), or a combination of both.
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lated frequency response of the
linearized circuit, H(jo) is fitted
to a rational polynomial trans-
fer function, Ha(s), by means of
frequency-domain identifica-

Power
splitter

tion algorithms. If no poles on
the right-half plane (RHP) are
found in HA(s) for the circuit
being analyzed, it is considered
stable. Figure 1 shows how a
circuit is analyzed. A sinusoidal
small-signal current, iy, is con-
nected in parallel at a particular

Power splitter
Power combiner

Power
splitter

A LA

cuit, H(jw). AMCAD offers sim-
ulation templates for both ADS
from Agilent Technologies
(Fig. 2) and Microwave Office
from AWR. Different templates
are used depending upon the
R.| type of analysis, such as an AC
simulation for linear stability
analysis or an HB simulation
for nonlinear stability analysis.
Both types of simulations use a
similar methodology and both
display H(jw) on a graph. This

circuit node as the excitation
source. The voltage, v,,, at this
node is taken as the output of | =
the system or circuit. The fre-

frequency response is then ex-
ported in a text file to be identi-
fied in the STAN tool.

The second step of the

quency, f;, is then swept and the
frequency response is calculat-
ed as theimpedance seen by the

4. This diagram shows how a multinode stability analysis would
be performed on an RF/microwave amplifier.

stability analysis approach is
to identify this frequency re-

current probe at this particular
circuit node:

H(jw) = Z(jw) = (Voud) (joo)/iin(jeo)
©)

where H(jo) corresponds to a
linearization of the circuit about
a DC bias point obtained by
sweeping f; in a linear AC sim-
ulation. System identification
techniques are then applied
to H(jw) to obtain Ha(s). The

sponse H(jo) to find the trans-
fer function, Ha(s), and the
associated poles and zeros of
that response. The STAN tool
makes this possible by starting
from a text file exported from
a CAE simulator of choice to
make the identification and
analyze the results. The quality
of this data fit is normally done
by visual inspection, since the
order of the transfer function is
a priori unknown; normally an
iterative process is used to find

linearized circuit is stable if no
poles of HA(s) lie on the RHP.

large-signal  stability
analysis, the ratio v, (jo)/ij,(jo) repre-
sents the first term, Hy(jm), of the har-
monic series that comprises the linear
time-variant transfer function result-
ing from linearizing the system under
large-signal conditions. Term H(jo) can
be found by sweeping f; as part of a har-
monic-balance (HB), mixer-like simula-
tion in which the large-signal input drive
serves as the mixer’s local oscillator (LO)
and the small-signal current source at f;
is the RF signal to the mixer. The same
identification techniques applied for the
small-signal case are used to find Ha(s).
The poles of Ha(s) are directly related
with the Floquet exponents of the linear-
ized system, and thus provide the stabil-

For
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5. Parametric analysis of an amplifier under study is performed
by simulating different load conditions.

ity information for the large-signal steady
state under study. The resulting pole-zero
plots associated with Ha(s) provide use-
ful information about the critical frequen-
cies at which a spurious oscillation can
take place.

When working with the STAN tool,
the first step is to connect a small current
source to a node of the circuit under anal-
ysis. For simple circuits with a clear feed-
back structure, such as a single-stage am-
plifier or oscillator, any node should do.
But for a multistage amplifier, one node
per stage should be used. A linear or non-
linear simulation is then performed with
a commercial CAE simulator of choice to
obtain the frequency response of the cir-

the order of the model, which
can be quite cumbersome. A
specially designed automated
algorithm in the STAN tool'? helps speed
and simplify this process, enabling the
use of pole-zero identification for mul-
tivariable large-signal stability analyses
that are otherwise impractical with man-
ual quality assessment. The STAN tool
features a straightforward graphical user
interface (GUI) to further simplify the
process (Fig. 3).

The STAN tool can perform analysis
at several nodes (Fig. 4) as well as swept
multiparameter analysis (Fig. 5), with
simulation templates available for differ-
ent conditions. The results make it pos-
sible to determine the kind of oscillation
mode and the location in the circuit.!®
(continued on p. 103)
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the poles-zeros graph of Fig. 6
shows the evolution of the poles

www.amcad-engineering.com.

versus input power for a simple
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