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Abstract  —  The presence of critical resonances in microwave 
power amplifiers has a negative impact on its behavior and 
performance. These critical resonances are usually predicted from 
pole-zero stability simulations. In this paper, a different and less 
demanding approach for the circuit designer is proposed. It is 
based on performing noise simulations of the amplifier and 
observing the rise in the noise spectrum that happens when the 
system has low damping poles. Critical resonance detection is 
simplified since no additional probes have to be inserted in the 
circuit and no post-processing for pole-zero analysis is required. 
The technique is applied to two amplifier prototypes fabricated in 
microstrip hybrid technology and the results are compared with 
the conventional pole-zero approach.   

Index Terms  —  Stability analysis, Microwave amplifiers, Pole-
zero identification, Noise analysis.   

I. INTRODUCTION

Microwave power amplifiers are among the most critical
elements in modern RF and microwave transceivers. They need
to be stable, efficient and linear enough to avoid distortion of 
large-band complex signals with high peak to average ratios [1],
[2]. A usual problem that affects the regular functioning of 
power amplifiers is the presence of low-frequency resonances 
with low damping factors. These critical resonances are 
associated with bias components that, combined with transistor 
intrinsic elements, create low-frequency parasitic loops. There 
are several unwanted effects associated with the presence of 
these critical resonances: They cause long transients and ripples 
in pulsed operation [3]; they hinder the linearization of 
amplifiers working with large instantaneous bandwidth signals 
[4], [5]; and, eventually, the amplifier can become unstable 
against circuit parameter variations, showing a spurious 
autonomous signal at a frequency close to the frequency of the 
resonance.  

In the context of circuit diagnosis, it is important to have 
efficient tools for detecting these critical resonances. This is 
particularly significant in space applications, where amplifier 
robustness against aging or parameter changes is mandatory. 
Critical resonances can be predicted in simulation through pole-
zero stability analyses [6]. Results of this kind of analyses 
provide us with the pole-zero map of the circuit, where low 
damping poles responsible for high resonant effects can be 

directly monitored. Pole-zero analysis requires the inclusion of 
one or several small-signal current or voltage sources and 
requires post-processing of the simulation results with 
additional software tools [7]. Unfortunately, pole-zero 
identification tools are not always available for the microwave 
circuit designer. 

In this work, a different approach is proposed in order to 
detect the critical resonances. Instead of calculating the poles 
directly, the approach is based on simulating the rise in the
noise spectrum that happens when the system has low damping 
poles. These noise bumps are often found when measuring
power amplifiers [8]. They will be used here as an indication of 
the presence of the critical resonances associated with complex 
conjugate poles with very low damping. In this way, critical 
resonances can be detected without including any additional 
probes in the circuit and without using any post-processing tool 
for pole-zero identification. It is important to note that the 
technique is not a stability analysis. It only makes sense for 
stable poles.   

The paper is organized as follows. Section II describes briefly 
the nature of these noise bumps, also called noisy precursors. In 
section III, the approach is explained and tested on an L-band 
amplifier built in microstrip hybrid technology in which low-
frequency critical resonances are correlated to simulated noise 
bumps. In section III, the simulation of the noise bumps in a 
three-stage amplifier is correlated to the residue analysis 
presented in [6], in order to detect the origin of the critical 
resonance. 

II. NOISY PRECURSORS

Let us consider a linear or linearized circuit having a pair of 
complex conjugate poles (σ±jωi) with small negative real part. 
Face to a perturbation, the transient of the circuit is dominated 
by these low damping poles. Assuming a constant perturbation 
due to noise, a rise in the output noise spectrum about the 
frequency ωi/2π can be observed. Very often, as a parameter of 
the circuit is modified, the critical poles end up crossing to the 
right half side of the complex plane and a spurious signal 
appears in the output spectrum. That is why these noise bumps 
are also called noisy precursors. A thorough explanation on the 
theoretical basis, modeling and simulation of the noisy 
precursors in autonomous microwave circuits can be found in 
[9].  
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III. SIMULATION OF THE NOISY PRECURSORS IN AN L-BAND 

AMPLIFIER 

With the aim of detecting low-frequency critical resonances, 
we have selected a prototype similar to the one presented in 
[10]. This is a medium power one-stage L-band amplifier built 
in microstrip technology with a single GaAs FET device 
(Fig. 1).  

 

Fig. 1.  Medium power one-stage L-band amplifier with a 
single GaAs FET. 

 
Let us consider first the amplifier in a DC steady state with 

no large-signal applied. A conventional pole-zero stability 
analysis has been performed using ADS as electrical simulator 
and STAN as identification tool. Fig. 2a shows the evolution of 
a critical pair of complex conjugate poles, with very low abs(σ) 
as VDD is varied from 5 to 8 V, with VGG = - 1.8 V. Frequency 
of the poles is about 165 MHz. The pole evolution of Fig. 2a 
will serve as a reference for the noise simulations. Next, an AC 
noise analysis is performed in ADS. Note that, we are only 
concerned with the detection of the critical resonance, not with 
the actual noise level that might be measured at the output of 
the amplifier. Besides, our goal is to provide the simplest 
procedure for the designer, actually, simpler than a pole-zero 
analysis. Therefore, only thermal noise of the resistive 
components is considered in the noise simulation and a 1 MHz 
noise bandwidth has been chosen. The resulting noise spectrum 
at the output terminal of the amplifier is depicted in Fig. 2b for 
the same sweep of VDD. We can observe how the noise level 
exhibits a clear rise around the frequency of the critical poles. 
This noise bump gets higher and narrower as the VDD value 
increases, i.e. as the critical poles shift rightwards on the LHP, 
in consistency with Fig. 2a. 

 

 

Fig. 2. a) Evolution of the critical poles with VDD 5 to 8 V and 
VGG = - 1.8V obtained from identification. Only positive 
frequencies are plotted for simplicity; b) Noise at the amplifier 
output resultant from AC noise analysis. 

Let us analyze now the circuit driven by a large-signal input 
generator with input frequency fin and input power Pin. The 
linearization of this large-signal steady state is a Periodic Linear 
Time Variant (PLTV) system from which local stability and 
noise behavior can be determined. Poles of the PLTV system 
correspond to the Floquet exponents and repeat in frequency as 
σ±j(ω±kωin), with k ϵ . Again, to have a valid reference, we 
perform a pole-zero stability analysis of the circuit varying Pin 
from -30 to 10 dBm, for fin = 1.2 GHz, VDD = 7 V and  
VGG = - 1.8 V. The evolution of the critical poles (crosses) in 
the complex plane is plotted in Fig. 3a. The pole for the same 
bias condition, without large signal input, from the previous AC 
simulation has been superimposed for comparison (square). We 
can observe how the low frequency poles evolve rightwards 
(reducing stability margin) as Pin is increased. Actually, for 
Pin = 8 dBm the fabricated circuit oscillates at 170 MHz 
(Fig. 4), which is a little bit lower input power than the one 
predicted by the model.   

 

 

Fig. 3. a) Evolution of the critical poles with Pin from -30 to 
10 dBm obtained from identification. Only positive frequencies 
are plotted for simplicity; b) Noise at the amplifier output 
resultant from non-linear noise analysis.  

 

Fig. 4. Output spectrum of the L-band amplifier of Fig. 1a 
measured with Pin = 8 dBm at fin = 1.2 GHz (VGG = - 1.8 V, 
VDD = 7 V). The mixing terms due to a low frequency spurious 
oscillation at about 170 MHz are observed. 

 
The steady state being forced, the circuit noise spectrum can 

be calculated with the conversion matrix approach [9]. In this 
case we use the non-linear noise analysis from ADS that is 
based on conversion matrix. Note that, conversion matrix is 
also the core algorithm of the harmonic balance simulation with 
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small-signal mode used for the pole-zero stability analysis of 
Fig. 3a. The critical frequencies are far from fin. Therefore, only 
white noise sources are important for the noise simulation. 
Again, only the resistor’s thermal noise is taken into account to 
simplify the procedure. The noise spectrum predicted at the 
circuit output node is given in Fig. 3b. The critical low-
frequency resonance and its evolution with Pin is well predicted 
again by the rise in the noise spectrum.  

IV. SIMULATION OF THE NOISY PRECURSORS IN A THREE-
STAGE AMPLIFIER 

The case of the three-stage power amplifier at 1.2 GHz 
presented in [6] is considered here. A photograph of the 
amplifier is shown in Fig. 5. The circuit exhibits a critical 
resonance at about 125 MHz versus input power [6]. A residue 
analysis performed at six nodes (input and output nodes of each 
stage) showed that the origin of the problem was in the second 
stage (Fig. 6a). The non-linear noise analysis described in the 
previous section has been performed at the same six nodes for 
Pin = - 8 dBm. Note that this simulation does not require the 
sequential inclusion of six small-signal sources as the residue 
pole-zero analysis does. The noise results for the output nodes 
of the three stages are plotted in Fig. 6b. It is clearly noticeable 
that the largest noise bump is obtained at the second stage node. 
This is in agreement with the residue analysis shown in Fig. 6a. 
As a result, noise simulation at different nodes can also be used 
to detect the origin of the undesired dynamics.  

 

 

Fig. 5. Photograph of GaAs FET based L-band three-stage 
amplifier in microstrip technology.  

 

 

Fig. 6. a) Residue analysis of critical poles at about  
125 MHz indicating that the parametric instability is at the 
second stage (Pin = - 8 dBm). b) Noise results for the output 
nodes of the three stages (Pin = - 8 dBm).  

The noise simulation at the six nodes is almost five times faster 
than the simulation for stability analysis at those same six 
nodes. Besides it does not require the inclusion of additional 
probes and bypasses the need of using additional post-
processing tools.  

V. DISCUSSION AND CONCLUSION 

Noise simulations have been proposed here as an 
undemanding way to detect critical resonances in microwave 
amplifiers. For the circuit designer, this procedure is simpler 
and faster than a complete multi-node pole-zero stability 
analysis and prevents the use of extra tools for post-processing 
the simulated data. 

ACKNOWLEDGEMENT 

Authors wish to acknowledge the Spanish and Basque 
Administrations for the financial support of this work through 
projects TEC2015-67217-R (MINECO/FEDER) and IT1104-
16 respectively.  

REFERENCES 

[1] S. C. Cripps, RF Power Amplifiers for Wireless Communications, 2nd 
Edition, Artech House, 2007. 

[2] F. H. Raab, “High-efficiency linear amplification by dynamic load 
modulation,” in IEEE MTT-S Int. Microw. Symp. Dig., Philadelphia, PA, 
Jun. 2003, vol. 3 pp. 1717-1720. 

[3] C. T. Rodenbeck, M. M. Elsbury, J. W. Dimsdle, “Techniques for the 
analysis and elimination of transient oscillations in wideband and ultra-
wideband pulsed power amplifiers,” IEEE Trans. Microw. Theory Techn., 
vol. 61, no. 10, pp. 3733-3742, Oct. 2013. 

[4] H. H. Ladhani, J. K. Jones, and G. Bouisse, “Improvements in the 
instantaneous-bandwidth capability of RF Power Transistors using in-
package high-k capacitors,” in IEEE MTT-S Int. Microw. Symp. Dig., 
Baltimore, MD, USA, Jun. 2011, pp. 1-4. 

[5] I. Takenaka and K. Ishikura; H. Takahashi; K. Hasegawa; K. Asano; N. 
Iwata, “Improvement of Intermodulation Distortion Asymmetry 
Characteristics With Wideband Microwave Signals in High Power 
Amplifiers,” IEEE Trans. Microw. Theory Techn., vol. 56, no. 6, pp. 
1355-1363, Jun. 2008. 

[6] L. Mori, A. Anakabe, I. Lizarraga, N. Otegi, J. M. Collantes, V. 
Armengaud, G. Soubercaze-Pun, “Stability analysis of multistage power 
amplifiers using Multiple-Input Multiple-Output identification,” in IEEE 
MTT-S Int. Microw. Symp. Dig., San Francisco, CA, USA, May 2016, pp. 
1-4. 

[7] S. Dellier, R. Gourseyrol, J. Collantes, A. Anakabe, G. Soubercaze–Pun, 
K. Narendra, “Stability analysis of microwave circuits,” in WAMICON 
2012 IEEE Wireless & Microwave Technology Conference, 15–17 Apr., 
2012.  

[8] S. Jeon, A. Suárez, and R. Rutledge, “Analysis and elimination of 
hysteresis and noisy precursors in power amplifiers,” IEEE Trans. 
Microw. Theory Techn., vol. 54, no. 3, pp. 1096-1106, Mar. 2006. 

[9] A. Suárez, Analysis and Design of Autonomous Microwave Circuits. New 
York: Wiley, 2009. 

[10] N. Otegi, A. Anakabe, J. Pelaz, J. M. Collantes, G. Soubercaze-Pun, 
“Increasing low-frequency stability margins in microwave amplifiers 
from experimental data,” in IEEE MTT-S Int. Microw. Symp. Dig., 
Montreal, QC, Canada, Jun. 2012, pp. 1-3. 

n1 n2 n3 n4 n5 n6

10
-2

10
0

10
2

10
4

First
stage

Second
stage

Third
stage

Observation nodes

N
or

m
al

iz
ed

 fa
ct

or
 

100 110 120 130 140 150
-160

-140

-120

-100

N
oi

se
 (

dB
m

)

Frequency (MHz)

 

 

First stage

Second stage
Third stage



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




