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Abstract—Static and dynamic control of the limiting threshold
in a very low-loss plasma-based microstrip power limiter is
investigated in order to prevent receivers from being threatened
by high-power microwave (HPM). An analytic model of the
microstrip circuit is proposed to derive the influence of its
design on the limiting threshold of the microwave power limiter.
Experimental results are in good agreement with those expected.
Finally, an original approach to allow discrete limiting threshold
tunability is presented and validated experimentally.

Index Terms—microwave limiters, radio frequency (RF) tun-
ability, plasma devices, gas discharge devices.

I. INTRODUCTION

Current receiver systems can be highly vulnerable to high-

power microwave (HPM) [1]. To protect them from these

threats, microwave power limiters are commonly involved.

They usually rely on PIN diodes, MEMS, and other non-linear

devices [2], [3]. However, when the threat becomes important

these components deteriorate and lose their power limiting

properties. Recently, limiters based on plasma discharges have

been proposed to handle very high-power threats.

In microwave power limiters, plasma discharges arise when

the incoming HPM is sufficient to ionize an inert gas. The non-

linear interaction between the incident electromagnetic wave

and the ionized gas is finally used for power limitation. Plasma

discharges have been widely used in T/R (Transmit/Receive)

tubes in order to protect RADAR receivers [4]. If T/R tubes

are fully compatible with waveguide technology, they can not

be easily integrated into compact microstrip circuits.

Several works have thus studied the integration of plasma

discharges into planar microwave power limiters. The first

proposed solution was to integrate a plasma discharge into

a microstrip line [5]. The measured limiting threshold of this

device was above 50 W which remains important. In order

to reduce the limiting threshold, recent works have considered

resonant circuits [6], pre-ionization techniques [7], or both [8],

[9]. Using such techniques, the limiting threshold has been

reduced from tens of watts to hundreds of milliwatts. However,

no design guidelines have been provided to tune the limiting

threshold.

In this paper, we study both theoretically and experimentally

the control of the limiting threshold of a plasma-based mi-

crowave power limiter by using several geometrical parameters

of the microstrip circuit. Besides, an original, simple, and

low-loss technique is presented to provide tunable limiting

threshold.

II. BASIC PRINCIPLE

In plasma-based power limiters, the limiting capability is

achieved when the gas breakdown happens. It practically

corresponds to a critical value of incident microwave electric

field |EB | that only depends on plasma parameters related

to ionization processes such as the type of gas, the electrode

material, or pre-ionization. However, from a circuit point of

view, the electric field magnitude at any point is directly linked

to the incident microwave power, but also to the microwave

circuit properties.

In order to illustrate the influence of the microwave circuit

design on the limiting threshold, we here consider a microstrip

annular ring resonator. Nevertheless, the proposed analysis

remains valid for any microwave circuit. According to [10],

the input impedance of a low-loss unloaded microstrip ring

resonator at the resonant frequency of its first mode is:

Zin � Z0Qunloaded

2π
(1)

Considering the cos(ϕ) angular dependence of the electric

field for the fundamental mode, and since the voltage at the

feeding point is Vin =
√
2PinZin, we can show that the

magnitude of the electric field along the ring resonator may

be written as:

|E| = 1

hms

√
Z0Qunloaded

π

√
Pin| cos(ϕ)| (2)

with hms the substrate thickness, Z0 the characteristic

impedance of the ring resonator, Qunloaded its unloaded qual-

ity factor, Pin the input power, and ϕ the angle around the

ring. Equation (2) shows that modifying hms, Z0, or ϕ can

theoretically change the required input power to reach |EB |
and thus control the limiting threshold of a plasma-based

microwave power limiter.

III. DEVICES AND EXPERIMENTAL SETUP

In order to experimentally verify the control of the limiting

threshold, several plasma-based microwave power limiters

have been designed according to the schematic presented in

Fig.1a. It consists of an electromagnetically coupled annular

ring resonator in microstrip technology combined with a

plasma pre-ionization system [9]. The pre-ionization is ensured

by a micro hollow cathode discharge (MHCD) that has been

optimized to work at a pressure of 10 Torr (i.e., 1333 Pa) in

argon that is to say hMHCD = dMHCD = 1.5 mm.

Here, the proposed annular ring resonator is loaded at its

input and output. This is obviously different from the case



considered in Section II but if the loading and the coupling

modify the electric field magnitude in the ring, it can still be

assumed that this electric field has the same dependency on

hms, Z0, and ϕ as stated in (2).

(a) Top view of the ring resonator (b) Cut view of the cylindrical hole

Fig. 1. Integration of a plasma discharge in a microstrip circuit

A dedicated experimental setup has been developed to per-

form a power budget for different configurations. A microwave

unit allows to set up a power ramp and measure the input

and output power at the resonant frequency of each resonator.

Moreover, the experimental setup includes additional units that

control the type of gas, its pressure, and the DC pre-ionization.

IV. STATIC CONTROL OF LIMITING THRESHOLD BY

CIRCUIT DESIGN

A. Circuits design

In order to illustrate the static control of the limiting

threshold, three ring resonators have been designed using full-

wave simulations. Each ring resonator has been realized on

a Rogers RO4003C substrate (εr = 3.55) and optimized to

have a resonant frequency equal to 2.5 GHz. A reference

ring resonator (Resonator 1) has been printed on a 0.508 mm

thick substrate with a 50 Ω characteristic impedance for the

ring resonator and a hole located at ϕd = 0◦ (see Fig.1a),

where the magnitude of the electric field reaches a maximum

at resonance. Then two additional ring resonators with each

a different parameter compared to Resonator 1 have been

designed. The first one has a 25 Ω characteristic impedance

for the ring (Resonator 2), while the other one has a 1.524

mm substrate thickness (Resonator 3). Table I summarizes

the dimensions of each microstrip circuit. Note that in each

case the coupled microstrip lines have a 50 Ω characteristic

impedance.

Fig. 2 presents the simulated and measured S-parameters

for each resonator. One can distinguish a slight frequency

shift between numerical simulations and measurements mainly

due to the manufacturing tolerances. These simulations were

performed with ANSYS HFSS.

B. Experimental results and discussion

Fig. 3 presents the output power versus the input power for

each resonator at the resonant frequency with or without pre-

ionization. Measurements using a VNA have shown that the

additional insertion loss due to pre-ionization remains below

TABLE I
RING RESONATORS DIMENSIONS

hms (mm) Wr (mm) Wms (mm) ϕ (◦)
Resonator 1 0.508 1.15 1.15 0
Resonator 2 0.508 3 1.15 0
Resonator 3 1.524 3.25 3.25 0

(a) Resonator 1 (b) Resonator 2

(c) Resonator 3

Fig. 2. Simulated and measured S parameters of each resonator

0.1 dB when the pre-ionization current IDC is under 2 mA.

Consequently, a pre-ionization current of 0.5 mA is considered

here leading to almost no additional insertion loss.

Fig. 3. Measured output power versus input power for the three microstrip
ring resonators

As shown in Fig. 3, without pre-ionization, the three res-

onators remain in a linear regime. This microwave breakdown

happens for an input power larger than 40 dBm. With pre-

ionization, the limiting threshold values are well lowered, and



Fig. 4. Measured output power versus input power of the microstrip resonator
with different plasma discharge positions.

the typical response of a power limiter is observed with a

linear regime at low input power and a saturated behaviour at

high input power.

The limiting threshold is defined as the 1 dB compression

point. Resonators 1, 2, and 3 have a measured limiting

threshold of 16.2 dBm, 19.6 dBm, and 24.8 dBm, respectively.

Considering (2), and assuming that the required breakdown

electric field is constant in each case, the theoretical differ-

ences between the limiting thresholds taking Resonator 1 as a

reference are 3 dB for Resonator 2, and 9.5 dB for Resonator

3. The comparison of the relative limiting thresholds with the

experimental results shows an accuracy of 1 dB. This differ-

ence is mainly attributed to the measurements accuracy and

the different assumptions that have been made to establish the

theoretical model. However, these results clearly exhibit the

capability of having a static control of the limiting threshold

for a given power limiter.

V. DYNAMIC CONTROL OF LIMITING THRESHOLD WITH

MULTIPLE PLASMA DISCHARGES

A. Circuit design

If hms and Z0 are fixed once the circuit has been realized,

one can easily use multiple holes in the microstrip circuit in

order to dynamically control the position of the discharge ϕd.

Such a property paves the way of discrete limiting threshold

tunability. Thus, an additional ring resonator including three

holes drilled at ϕd1 = 0◦, ϕd2 = 30◦, and ϕd3 = 60◦ has

been printed on a 0.508 mm thick Rogers RO4003C substrate.

The dimensions of this resonator are similar to those of the

Resonator 1 (see Table I). In order to control independently

the pre-ionization of each plasma hole, a new MHCD circuit

was printed on a 1.524 mm thick Rogers RO4003C including

three cathodes at positions ϕd1, ϕd2, and ϕd3.

B. Experimental results and discussion

This microstrip ring resonator has been characterized at

its resonant frequency by pre-ionizing independently each

MHCD. Fig. 4 presents the output power versus the input

power at the resonant frequency with or without pre-ionization.

Again, a current of 0.5 mA is considered here. In this case,

we can observe that the transition between the linear and

the non-linear behaviour is abrupt for the ϕd2 = 30◦ and

ϕd3 = 60◦ positions contrary to the smooth transitions seen

in Fig. 3. This can be due to the observed shift of the plasma

discharge from the ϕd2,3 positions (Picture 1) to the ϕd1

position (Picture 2). It can be explained by the fact that the

microwave plasma discharge, once ignited, goes where the

microwave electric field is maximum. Regarding the ϕd1 case,

it should not however have this abrupt behaviour. We suppose

that there were some issues with the MHCD and microstrip

holes alignment within the manufacturing process.

Fig. 4 shows that the limiter turns on when the input power

exceeds 20.5 dBm for ϕd1, 22.1 dBm for ϕd2, and 26.3

dBm for ϕd3. Considering (2), and assuming again that the

required breakdown electric field is constant in each case, the

theoretical differences between the limiting thresholds taking

the ϕd1 case as a reference are 1.2 dB for ϕd2 and 6 dB for

ϕd3. The measured thresholds show a difference compliant

with the theoretical results and prove that this method can

be considered as accurate to enable dynamic control of the

limiting threshold by pre-ionizing the appropriate hole.

VI. CONCLUSION

Static and dynamic control for microstrip power limiters

have been theoretically and experimentally investigated. The

theoretical method used in this paper exhibits a good accu-

racy that can be employed to design any microstrip plasma-

based power limiter. Besides, an original approach to obtain

discrete limiting threshold tunability has been proposed and

experimentally validated. Such a low-loss solution may be very

promising to tune the level of receiver protection depending

on the electromagnetic environment.

VII. ACKNOWLEDGEMENT

The authors would like to thank the support from the

Université Fédérale Toulouse-Midi-Pyrénées (UFTMiP) and

the Région Occitanie. This work was also supported in part

by the French National Research Agency under Grant ANR-

15-ASTR-0020-02, DIOMEDE project, within the framework

of the 2015 ASTRID program.

REFERENCES

[1] M. G. Backstrom and K. G. Lovstrand, “Susceptibility of electronic
systems to high-power microwaves: summary of test experience,” IEEE
Trans. Electromagn. Compat., vol. 46, no. 3, pp. 396–403, Aug. 2004.

[2] S. S. Yang, T. Y. Kim, D. K. Kong, S. S. Kim, and K. W. Yeom, “A
novel analysis of a ku -band planar p-i-n diode limiter,” IEEE Trans.
Microw. Theory Tech., vol. 57, no. 6, pp. 1447–1460, June 2009.

[3] D. Shojaei-Asanjan, S. Attar, and R. R. Mansour, “Tunable rf mems-
based frequency dependent power limiter,” in IEEE MTT-S Int. Microw.
Symp. Dig., May 2016, pp. 1–3.

[4] L. D. Smullin and C. G. Montgomery, Microwave Duplexers. McGraw-
Hill, 1948, vol. 14 of MIT Radiation Laboratory Series. McGraw-Hill.

[5] S. D. Patel, L. Dubrowsky, S. E. Saddow, R. Kaul, and R. V. Garver,
“Microstrip plasma limiter,” in IEEE MTT-S Int. Microw. Symp. Dig.,
June 1989, pp. 879–882 vol.3.



[6] L. W. Cross, M. J. Almalkawi, and V. K. Devabhaktuni, “Theory and
demonstration of narrowband bent hairpin filters integrated with ac-
coupled plasma limiter elements,” IEEE Trans. Electromagn. Compat.,
vol. 55, no. 6, pp. 1100–1106, Dec. 2013.

[7] R. Pascaud, F. Pizarro, T. Callegari, L. Liard, and O. Pascal, “Plasma
microdischarge as power-induced limiter element in microstrip devices,”
in 9th European Conf. Antennas Propag. (EuCAP), May 2015, pp. 1–5.

[8] A. Semnani, H. J. Yang, M. Sinanis, S.-J. Park, J. G. Eden, S. O.
Macheret, and D. Peroulis, “Power limiting characteristic of a plasma-

loaded evanescent-mode cavity resonator,” in Proc. 46th European
Microw. Conf., May 2016.

[9] R. Pascaud, F. Pizarro, T. Callegari, L. Liard, O. Pigaglio, and O. Pascal,
“Low insertion loss microplasma-based limiter integrated into a mi-
crostrip bandpass filter,” Electron. Lett., vol. 51, no. 14, pp. 1090–1092,
2015.

[10] L.-H. Hsieh and K. Chang, “Equivalent lumped elements G, L, C, and
unloaded Q’s of closed- and open-loop ring resonators,” IEEE Trans.
Microw. Theory Tech., vol. 50, no. 2, pp. 453–460, Feb 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


