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ANSYS and optiSLang were applied to optimize the geometry of different antenna types concerning resonance, 
interference and impedance behavior.

HIGH FREQUENCY SIMULATION
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High frequency electromagnetics is concerned with the 
propagation of waves. In free space, electromagnetic exci-
tations propagate with 300,000 km/s, the speed of light. For 
this reason, a specifi c wave length can be associated with 
a certain electromagnetic wave of a given frequency. For 
example, in a vacuum, the wave length at 1 GHz is 30 cm. 
Wave phenomena are only relevant if the considered struc-
ture has a size which is comparable to the wave length. For 
typical radio frequency (RF) applications, this implies that 
high frequency starts at the MHz to GHz range.

There are many high frequency applications in daily life. 
Most of them are concerned with the transfer and process-
ing of information. However, there are also applications in 
radar technology, in medical imaging applications, as well 
as in microwave heating.

Field and circuit simulation
Electromagnetic waves, like radio waves, can propagate freely 
in space. But they can also be bound to conductors or wave-
guides as in coaxial cables or on micro strip lines. An antenna 
is a passive device that converts guided into free waves or 

vice versa. However, in the designing process of printed cir-
cuit boards or connectors, the goal is to prevent the signal 
from scattering off imperfections which would cause un-
desirable effects like refl ections, cross talk or radiated emis-
sions. In order to deal with such issues, ANSYS developed the 
Electromagnetics Suite containing industry standard fi eld 
and circuit simulators. In this article, a special focus is placed 
on ANSYS HFSS as an all-purpose, three dimensional high 
frequency fi eld simulator. This fully parametric simulation 
environment combined with automatic adaptive meshing 
can be used for robust design optimization of RF systems. 
The adaptive meshing process ensures the desired solution 
accuracy for any required result, like impedances or scatter-
ing parameters. In this way Ansys HFSS eliminates numerical 
noise due to the meshing process.

Most RF applications use effects like resonance, interference 
and matching of impedances as functioning principles: 
1. For example, an antenna operating at resonance gener-

ates large currents on its structure while it is driven with 
a small input signal. The large currents produce electro-
magnetic fi elds which propagate into free space. The 
resonance on the antenna can also be seen as a stand-

ing wave. On a dipole antenna, the wave length of the 
standing wave is twice the length of the dipole. This de-
scribes the relation between the size of the antenna and 
the frequency of operation.

2. In the case of a microwave cavity fi lter, all three principles 
can be clearly observed. The fi lter has to have the appropri-
ate number of resonances in the pass band. The coupling 
impedances between the different cavity resonators have 
to be chosen appropriately, as predicted, in the ideal pro-
totype fi lter. The structure of pass- and stop bands is due 
to constructive and destructive interferences between the 
refl ected and transmitted waves of the different cavities.

As demonstrated above, the scattering parameters (S-param-
eters) and impedances represent important values to quantify 
the functioning principles mentioned above. They also can be 
used for a robust design optimization of RF components.

Examples

Optimization of a dual band antenna
A dual band antenna works at two frequency bands. In Fig. 
1, the geometry of a dual band slot antenna is shown. The 
return loss (see Fig. 2 top) of the initial design already had 
two resonances with one close to 2.4GHz and the other close 
to 5.8GHz. However, the fi rst value was not at the right posi-
tion and was very sharp. The second minima at -12dB shows 
a rather poor matching performance. To improve the design, 
an optimization using optiSLang was conducted. Afterwards, 
both minima were in the right position, well below -15dB 
(see Fig. 2 bottom) and also showed an extended bandwidth.
The production of printed antennas involves many uncertain-
ties concerning the electric material properties of substrates, 
like FR4 and, of course, there are tolerances in the process of 
fabricating a printed circuit board (PCB). A robustness analy-
sis of the design using optiSLang quantifi es the maximum 
allowed tolerances and provides a profound understanding 
useful for appropriate decision making concerning cost ver-
sus accuracy issues and material quality management.

Return loss optimization of a 2x2 antenna array
In cooperation with the Austrian antenna manufacturer 
PIDSO, a 2x2 antenna array was analyzed (Fig. 3), which is 
used for high-gain, line-of-sight data transmission towards 
moving objects (tracking). In order to track objects, the an-
tenna array was installed on a gimbal assembly. A four-port 
hybrid coupler was integrated for transforming four output 
signals into composite ones for signal transmission as well 
as differential ones for tracking. An incident wave that is 
received at an angle by the antenna array causes phase-
shifted signals at the patch antennas. Here, the hybrid cou-
pler should use constructive and destructive interference to 
generate sum and differential signals. The edge length of 
the hybrid coupler is approximately a quarter wave length. 
The S-matrix for the transmission behavior of the coupler 
from input to output ports has to satisfy the following rela-
tion describing the interference.

Fig. 1: Geometry of a dual band slot antenna Fig. 3: The antenna array is used for directional data transmission

Fig. 2: Return loss of initial design (top) and optimized design (bottom)
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To adapt the coupler to a given frequency, the geometry had to 
be parameterized. Due to the geometry’s symmetry, fi ve edge 
lengths, one angle as well as the position of the parallelogram 
in regard to the rectangles, were considered (Fig. 4). The fi eld 
simulation of the parameterized structure at the given fre-
quency was performed with ANSYS HFSS. The aim of the op-
timization using optiSLang was to minimize the mean square 
deviation between the real coupler S-matrix and the ideal one 
adapted by a corresponding multiplicative (complex) constant. 
Moreover, the return loss of the sum port should be less than 
-12dB. The sensitivity analysis using optiSLang revealed that 
six of the seven parameters have signifi cant infl uence on the 
two target parameters. An optimization applying an adaptive 
response surface method resulted in a suffi cient geometry af-

ter running an overnight computation. The plot (Fig. 5) of the 
output signals at the sum port as well as at the horizontal and 
vertical differential ports show the high optimization qual-
ity. The contours of horizontal and vertical differential signals 
form a rectangular coordinate system across a large angular 
range. It additionally indicates that the sum signal hardly de-
pends on the phase differences. Fig. 6 shows the electric fi eld 
strength distribution displaying that there is hardly any recep-
tion at the differential ports of the hybrid coupler if the waves 
arrive orthogonal at the antenna patches. A further step to-
wards the entire design of the antenna is the connection of 
the hybrid coupler to the antenna array via a microstrip line. 
For this purpose, a circuit simulation is conducted with ANSYS 
designer. Here, for example, the difference in length of the mi-
crostrip lines and the stub capacity for feed tuning of the patch 
antennas could be used as input parameters. Then, the gain 
plot of the antenna assembly can be simulated and optimized 
via the dynamic link between ANSYS designer and HFSS.

Finally, after reassembling the entire antenna, a fi eld simu-
lation had to be conducted (Fig. 7). The necessary geometry 
was derived from the result of the circuit simulation. By this 
approach, the design process was accelerated signifi cantly. 
In further steps, ANSYS combined with optiSLang also al-
lowed to analyze the robustness of designs exposed to oth-
er physical infl uences.
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Fig. 4: The edges of the hybrid coupler are approx. one-quarter wavelength

Fig. 5: The contour plot indicates the high quality of the optimization

Fig. 6: The signals emitted from the antenna patches hardly reach the dif-

ferential ports

Fig. 7: Field simulation of the entirely assembled antenna



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


