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ABSTRACT 

The reliability of electronic device is threatened in high power microwave (HPM) environment. In accordance with the 
situation that the emulation is ineffective in evaluating the accuracy and precision of the HPM effect to electronic de-
vice, the experimental method is used to resolve the problem. Low Noise Amplifier (LNA) and Limiter are selected as 
the objects for the experiments, the structural characteristic of the front-end of radar receiver is described, the phe-
nomena and criterion are elaborated and analyzed using injection method due to its ability to get an accurate threshold 
avoiding the complex coupling, the basic principle of injection experiment is demonstrated, and the method and process 
of effect experiment about Low Noise Amplifier and Limiter are also explained. The experimental system is established, 
and the system is composed of low power microwave source such as TWT, test equipment for obtaining the effect pa-
rameters, and some of auxiliary equipments as camera, optical microscope or electron microscopy, attenuator, detector, 
and directional coupler etc. The microwave delivered from source is adjusted to the power infused by attenuator, and 
pour in the decanting point of effecter via directional coupler, then the couple signal created by directional coupler is 
input to the recording instrument after detecting by detector, finally the power of effecter is obtained. The value of 
power, which damages the effecter in the microwave pulse environment, is classified at the index of sensitivity, and the 
threshold is obtained by power diagnose and wave test. Some regular understandings of the HPM effect to electronic 
device are obtained based on the results of the experiments. It turns out that the index of electronic device is influenced 
significantly by the energy via front door coupling, the MOSFET made up of GaAs is the most wearing part to HPM in 
LNA, the damage threshold of LNA is about 40dBm under single pulse while in repetitive pulse the value is from 
33.3dBm to 43.9dBm according to different wave band. The damage threshold of Limiter is about 56dBm to80dBm. 
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1. Introduction 

Nowadays electronic equipments are facing the prolifer-
ating threats from HMP, thus require the equipments 
which have outstanding performance and complex struc-
ture should have much higher reliability. The high gain 
aerial is widespread used in modern radar and satellite 
communication system, in this case the electromagnetic 
energy coupled in front-door is much higher than coupled 
in back-door, so the front-end of radar receiver and satel-
lite communication system is the most vulnerable part 
under the threat of HPM. 

The limitation of emulation in analyzing and evaluat-
ing the HPM effect to electronic device caused by the 
complex structure of electronic equipment and incom-
plete description of damage mechanism of HMP lead to 

weakness on analysis [1,2]. The effect experiment is in a 
sense the most intuitive and efficient method to analyze 
the effect of electromagnetic on electronics, the threshold 
of sensitive components is determined by microwave 
effect experiment, and the result is the necessary data for 
analyzing the electromagnetic performance of system and 
hardening electromagnetic pulse. It is very important to 
carry out the experimental study of effect of electromag-
netic on electronic devices and components for hardening 
the electronic system especially for military use. 

2. Methodology 

2.1 The Principle of Injection Experiment 

The injection method is the popular means to solve the 
problem about the electromagnetic effect on components 
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and element circuit. The effect quantification of compo-
nents is obtained by using this method. The microwave 
shall act on the effecter through the front door, and then 
an accurate threshold is gotten due to neglecting the 
complex coupling, thus applied in analyzing mechanism, 
principle and predicting the effect of front door coupling. 
The simulation research on effect mechanism is contrib-
ute to understand the whole system effect, but it's not the 
efficient way to acquire the threshold for judging the en-
tire system use, therefore, by applying the injection ex-
periment method, the results about the effect on the cer-
tain waveform in each interface under certain conditions 
will be analyzed. 

The fundamental condition of injection method is low 
power microwave source with adjustable parameters such 
as TWT, parameter test equipment, some of auxiliary 
equipments as camera, optical microscope or electron 
microscopy etc. Figure 1 shows the functional block dia-
gram of injection experiment [3]. 

The power microwave source and output terminal of 
signal should be separated and shielded in order to avoid 
the influence from reflected signal, and special attention 
should be paid while coaxial line transfers to the micro-
wave in order not to cause the distortion of radiation and 
waveform, and the separation point also requires separa-
tion protection. The test system is composed of several 
parts given below: power microwave source, the control 
parts of the source, regulation parts of the power, trans-
mission and diagnosis parts of power, test equipment and 
recording instrument. 

2.2 Design of Injection Experiment about LNA 

The functional block diagram of injection experiment 
about LNA is shown in Figure 2. The attenuator and de-
tector are both measured, The microwave delivered from 
source is adjusted to the power infused by attenuator, and 
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Figure 1. the functional block diagram of injection experiment 
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Figure 2. The functional block diagram of injection experi-
ment about LNA 
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Figure 3. The functional block diagram of injection experi-
ment about Limiter 

 
pour in the decanting point of effecter via directional 
coupler, then the couple signal created by directional 
coupler is input to the recording instrument after detect-
ing by detector, finally the power of effecter is obtained. 
The value of power, which damages the effecter in the 
microwave pulse environment, is classified at the index 
of sensitivity, and the threshold is obtained by power 
diagnose and wave test [4]. 

2.3 Design of Injection Experiment about Limiter 

The leakage of rising edge will be revealed under the 
action of HPM, in other words HPM can transit the Lim-
iter, the power leakage may lead the next level of circuit 
to interference and damage, meanwhile HPM may also 
cause the functional decline of Limiter under certain cir-
cumstance, the functional block diagram of injection ex-
periment about Limiter is shown in Figure 3. 

3. Analysis 

3.1 Analysis of the Structural Characteristic of 
the Front-End of Radar Receiver 

The front-end of radar and satellite communication sys-
tem fulfill the function of signal amplification and mixing, 
the damage of receiver caused by the microwave through 
the front door is in fact the failure of components of 
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Figure 5 and Figure 6 shows the gain of LNA before 
and after injection experiment, the value of gain is pro-
vided by network analyzer. 

front-end of radar. Figure 4 shows the composition and 
structure of the front-end of radar, it consists of RF, re-
ceiver protector, LNA, mixer and LO [5]. 

The output signal can not meet the requirement of next 
level of circuit while the gain of LNA decline 3dB, gen-
erally speaking, the value 3dB is regarded of the standard 
for judging whether LNA is normal or abnormal, the 

3.2 Analysis of the Effect of LNA in Injection 
Experiment 

The LNA is the vulnerable component of front-end of 
radar, designed by multiple cascaded straight amplifica-
tion style, the noise caused by the first level of amplifier 
has the greatest and the most serious damage to LNA, the 
gain of whole amplifier is reduced while the noise tem-
perature is increased once the LNA is damaged, thus 
bring about the SNR of the system a reduction, and fi-
nally makes radar system doesn't work [3,4]. 
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Figure 4. Front end of radar receiver 

 

 

Figure 5. The gain of LNA before experiment 

 

 

Figure 6. The gain of LNA after experiment 
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gain declination in injection experiment is more than 
3dB after HPM is poured in, it is reputed that HPM can 
damage LNA efficiently. 

3.3 Analysis of the Effect of Limiter in Injection 
Experiment 

The basic function of Limiter is to control the signal un-
der secure level all the time, to avoid the damage of LGA 
and Mixer receiving distortion of electronic equipments 
induced by high power signal. 

The criterion for judging whether Limiter is normal or 
abnormal is one more than it of LNA, the first one is 
short circuit due to breakdown while insertion loss in-

creased, of which 3dB is considered to be as symbol that 
the limiter is damaged, while an other one is the output 
level rises as input level rises when the value of insertion 
loss is constant, clipping is malfunction, the output level 
is twice higher than HPM is not poured in, in this case 
open circuit occurred in Limiter due to burn down. 

Figure 7 and Figure 8 shows the change of insertion 
loss among injection experiment, the value of insertion 
loss is measured by network analyzer. 

The insertion loss is higher about 10dB while HPM is 
poured in, it is more than the criterion (3dB), meanwhile 
the output level rises as input level rises, and it is obvi-
ous that HPM damaged Limiter. 

 

Figure 7. The insertion loss of Limiter before experiment 

 

 

Figure 8. The insertion loss of Limiter after experiment     
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4. Result 

The micrograph describes the damage of LNA in injec-
tion experiment is shown in Figure 9. 

The result turns out that the damage of LNA is caused 
by damage of GaAs FET, the microwave signal should 
pour in the point between grid and source of GaAs FET, 
electric field breakdown disrupts the deletion layer and 
creates instantaneous current [6], on the other hand, the 
HPM destroy the depletion layer and grid directly, the 
principle of damage of LNA caused by HPM based on 
the results of experiment is presented below [3,4]: 

1) Damage threshold of LNA for different band 
 The LNA may be damaged while power infused is 

about 33.3dBm to 48.6dBm (that is 2.14W to 72.44W), 
the effect is arisen from the damage of GaAs FET. 
 The damage threshold of LNA at X band is divided 

into two parts: in the case of single microwave pulse the 
threshold is about 39.5dBm to 48.6dBm (that is 8.91W to 
72.44W), while in the case of repetitive frequency mi-
crowave pulse the threshold is about 39dBm to 43.9dBm 
(that is 7.94W to 24.55W). 

2) Difference of damage threshold vs band style  
 The difference of the damage threshold of LNA 

among different band is 1.6 dB to 3.5dB. 
 Differences of threshold may also exist at the same 

band. The experiment results shown that difference of 
LNA at the same band is 2.2dB to 9.6dB. 

3) Difference of damage threshold vs pulse width 
 Differences of threshold may also exist in different 

pulse width, it is 2.2dB to3.7dB.  
At the same single microwave pulse, the difference of the 
damage threshold of LNA between single pulse and re-
petitive pulse (<=100hz) is 3.7~6.5dB; the damage 
threshold of LNA is 39.5dBm~48.6dBm（8.91W~72.44 
W）for single pulse and 33.3dBm~43.9dBm (2.14W~ 
24.55W) in repetitive pulse. 

4) Difference of damage threshold vs brand of GaAs 
FET 

 

Figure 9. Micrograph of LNA damaged 

 The damage threshold of low noise amplifier will be 
different when using GaAs FET of different brands. 
 With different models of the same brand of GaAs 

FET, the difference of the damage threshold would be 
0.3dBm~3.1dBm. 

Three types of Limiter are selected to analyze the HPM 
effect, the principle of damage of Limiter caused by 
HPM based on the results of experiment is presented be-
low: 
 Whether to breakdown or burn down the Limiter at 

single narrowband microwave pulse high power should 
be required. 
 The insertion loss increased rapidly while stand-

ing-wave changed very little. 
 The interference effect will be different when the 

time for the meeting of injected signal and working signal 
is different, which is caused by the difference of sensitivity 
of working signals when they work on different positions. 
 The damage threshold of Limiter will be different 

even produced by the same manufacturer, and it varies 
greatly when using Limiter of different brands. 

5. Conclusions 

The effects of HPM on electronic equipments should not 
be ignored, the results based on injection experiment 
turns out that LNA may be damaged mainly caused by 
the failure of GaAs FET; the damage threshold of LNA at 
C band is lower than it at X band, and it is much lower 
than Limiter. 

REFERENCES 
[1] M. G. Bäckström and K. G. Lövstrand, “Susceptibility of 

electronic systems to High-Power Microwaves: summary 
of test experience,” IEEE Transactions on Electromagnetic 
Compatibility, Vol. 46, No. 3, pp. 396–403, August 2004. 

[2] F. Sabath, M. Bäckström, B. Nordström, D. Sérafin, A. 
Kaiser, B. A. Kerr, and D. Nitsch, “Overview of four 
European high-power microwave narrow-band test facili-
ties,” IEEE Transactions on Electromagnetic Compatibil-
ity, Vol. 46, No. 3, pp. 329–334, August 2004. 

[3] Y. wang, H. G. Ma, and X. J. Cao, et al., “Proceedings of 
Annual Report of China Academy of Engineering Phys-
ics,” Annual Report of China Academy of Engineering 
Physics, 2003. 

[4] Y. Wang and H. G. Ma, et al, “Annual Report of China 
Academy of Engineering Physics,” Annual Report of 
China Academy of Engineering Physics, 2005. 

[5] M. Skolnik, “Introduction to Radar Systems,” Third Edi-
tion. McGrawHill : New York, 2001. 

[6] D. Nitsch, M. Camp, F. Sabath, J. L. Haseborg, and H. 
Garbe, “Susceptibility of some electronic equipment to 
HPEM threats,” IEEE Transactions on Electromagnetic 
Compatibility, Vol. 46, No. 3, pp. 380–389, August 2004. 

Copyright © 2010 SciRes                                                                               JEMAA 



<<
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


