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Examples of ANSOFT library

Dipole (unbalanced) Dipole (balanced —split coax balun)

10



Examples of ANSOFT library

UHF Yagi antenna
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Examples of ANSOFT library

Horn (Ka band)

Patch antenna (2.4 GHz)

12



Examples of ANSOFT library

UHF PIFA with the circuit enclosure
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Examples of ANSOFT library

Ka band dielectric resonator antenna
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Examples of ANSOFT simulations

Automatic, Adaptive Meshing (I)

Metal PIFA
antenna




Examples of ANSOFT simulations

Automatic, Adaptive Meshing (II)
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Examples of ANSOFT simulations

Automatic, Adaptive Meshing (I1I)

b,
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Examples of ANSOFT simulations

HFSS EM simulation from CAD model
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Examples of ANSOFT simulations
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Examples of ANSOFT simulations

Dual-band monopole (2)
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Vivaldi Antenna

Microwave Engineering Europe's (MWEE) EM simulation banchmark has become quite a tradition over the last faw yaars,

anficing some of the best known software providers to pul thelr diverse simulation methods to the test, The resulls are always . .
aagerly awaited as they represent the current statug of simulation technolegy and permit revealing comparisons between ‘ S I Sll l l l I latlo l l S

individual methods and software packets.

Figure 1: Geometry of a vivaldi antenna

Far tha first time in MWEE benchmark's history an antenna problem was set. The balanced Vivaldi antenna posed a worlhy
challenge to the benchmark participants due to its complex form and size (Fig.1). The CAD benchmark was presented in the
Oclober 2000 edition of MWEE and results from six contributors were published in the subsequent editions with the measured
results ending the seres in Fabruary 2001,

The comparison batwsan the published measured and simulated results from all software producers revealed significant
differences. Mo possible reason for this striking discrepancy was pul forward by MWEE. CBT calculated the Vivaldi structure
with great diligance and, having carried out a detailed convergence study, consider our results to be highly accurate.

We would therefore like to share our thoughts with you, commenting on some of the results.

Ower the next few pages you will find a discussion ef parformance and accuracy, commentary on the differences between
meaasured and simulation rezults, remarks on model input time, and the benchmark resulls achieved with C3T MICROWAVE
STUDIO® illustrated with a wide rangs of plots and animations.

In conclusion we can only recommend that interested readers accept our offer of a ST MICROWAVE STUDIOE test licence.
See for yaurself what teday's 30 EM field simulation tools ars capable of.
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Examples of
CST simulations
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Figure 2: Benchmark results

Figure 1 illustrates the results published in the February 2001 adition of MWEE submitted by six benchmark participants. At
first glance all curves - at least in the frequency range from 0-5 GHz - are similar. But when you take a clozer look they
demaonstrale clear differences, Tha importance of these differences is shown by the following convergence study performed
with the help of CST MWS8's automafic mesh adaptor.
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Figure 3: Final sclution in a rough mesh with 10.000 mash nodes

Figure 2 illustrates large varlations with the final solution in a rough mesh with 10,000 mesh nodes (Pass 1), Alter the fifth run
{with 53.000 mesh nodes, 12 min. calculation time) hardly any deviation is present in the results and strong convergence can
be saan. It has baen mathematically proven that our method must ahlways converge and 50 is absolutely reliable.
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Figure 4: Frequence band section

We will now take a closer look at one section of the frequency band (Figure 3). The resaonance peak around 3 GHz decreases
in intensity and the resonance frequency shifts until @ mesh density of 330,000 nodes is used where an extremely high
accuracy is attainad (pass 9). The difference batween the absalute minimum of thase paaks for runs 1 and 9 is, nevertheless,
25 dB, the frequency shift 330 MHz, A renewsd look at the results submitted by the banchmark participants, clearly reflects the
time spent and rellability of the various methads. The difference between the individual resonance peaks amounts to 12dB /
280 MHz for this frequency range. This enormous difference impressively clarifies the importance of a carefully carried out
convergence siudy, It should be noted that the 9 runs made here, were only carried out in arder to clearly illustrate the
convargence process. In practice, substantially fewer runs are sufficient to raach a reliabla result

As an oplional extra, MWEE had challenged the participants to calculate results for the 10 to 20 GHz range. Unforlunately
MWEE neither presented the measured results for this range, nor published a comparisen between the submitted simulation
resulis. It iz precisely in this frequency range that the widely differing abilities of the methods would have appeared most
clearly, due to the problem size in wave lengths and the resulting increase in the number of mash nodes points.

A comparison of the data provided by the individual competitors revealed the clear superiority of the Time Domain with regards
computation time and memory requirements. The Finite Elemant pregram Ansoft's "HFSS® needed 143 minutes for the
frequancy range 0 to 10 GHz, whereas CST MICROWAVE STUDIO® anly needad 15 minutes and with a memary requiremant
eight imes smallar. No results from HFSS were published for the frequency range 10 - 20 GHz. CST MICROWAVE STUDIOE
produced results for this frequency range within 15 minutes, but as It turned out, to achieve our desired high leveals of accuracy
at 20 GHz, a finer discretization and therefore a lenger computation time {up to 84 minutes) was necessary.

Examples of
CST simulations
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COUPLED-FED CIRCULAR PATCH ANTENNA

Structure on
IE3D

Examples of
IE3D simulations

Parameters; No.1 and No.2 substrate thickness = 0.158 mm, permittivity = 2.62

Circular patch is on the No.2 substrate, and feed line is on the No.1
substrate. Circular patch diameter is 35 mm. Feed line width s 4.373
mm. The feed line ends at the center of the circular patch and the feed
ling is 79 mm long.

sSimulation  The structure and measured data are from M. Davidovitzand ¥. T. Lo,

Result: "Rigaraus analysis of a circular patch antenna excited by a microstrip
transmission line”. IEEE Trans. Antennas Propagat. Vol, AP-37,
Aug. 1989, pp. 949-958.

Information ™ Simulation Cases || IE3D(D) || 1E3DQ) |
Platform Pentium 133[Pentium Pro 200
|_ Geometry File cirpc?c.gscﬂ cirpe2e.geo
[ NumberofCells || 164 || 164
|‘5\'umber of Unknowns 272 272
[ Time (sec/freq) 20 | 9
=) —e—EIDELY)

—e— MEASURED §{1,1)
100
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EDGE-FED RECTANGULAR PATCH ANTENNA

Structure on
IE3D

Parameters: The substrate is of thickness 0.794 mm and er = 2.2. The patch is of
dimensions 16 mm and 12.448 mm. The feed line width is 2.334
mm. The center of the feed line is 3.112 mm from the other edge.
The reference plane is at the edge.

Simulation  Other results are from: 8.-C. Wu, N. G. Alexopoulos, and O.

Result: Fordham, "Feeding structure contribution to radiation by patch
antennas with rectangular boundaries," IEEE Trans. Antennas
Propagat., Vol. AP-40, Oct. 1992,pp.1245-1249.

Information
on IE3D
Simulation Cases IE3D(1) E3D(2) 1E3D(3) [ IE3D(%)
Option 12 cellfl at 20][7 cellf ac 20| 12 celllat20 || 7 celll at 20
Pentium 133 ||Pentium 133||Pentium Pro 200||Pentium Pro 200
Geometry File alex12.geo || alex7.geo alex12.geo alex7.geo
MNumber of Cells 256 100 256 100
Number of Unknowns| 478 178 478 178
Time (secifreq) || 76 9 | 29 4

Notes: Geometry file alex12_geo is for simulation up to about 20 GHz Geometry file alex7.geo is
for simulation up to about 8 Gha.,

[E3D Simulation Result Calculated and Measured Results from Literature

—e— TE3D{1) 4B[S( 1, 1]

= 1]
Frpauency (GHz)

Examples of
IE3D simulations
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Examples of

Vector Current Distribution for Different Modes

10NnS

lat

1mu

IE3D s

f;t +

i

1

+ |
|
4-.-.-.
pe
: Gl 5 ]
e - A5 ]
= |

4= 4 7

(i

._—u.-uf..

. e

HHMH W
[ i G0
b 362 MMM, LM
ST

6.25 GHz, (1,0} Mode 7.65 GHz, (0,1) Mode

o

+ 4 s
-

Tantie
o e
r.w e i AL AL
LAt at
PR Koty
Pl Jo 45 ¥ i
S e i
!
5o 0 L 22004
D X
T ey *
LS B I, 5
T P u.._i_-_
5,
L] -
oyt A |
i s B It 1
gy} |

10.25 GHz, (1,1) Mode 12.25 GHz, (2,0) Mode

4w

15.0 GHz, (2,1) Mode 18.32 GHe, (3,0) Mode

26



Structure on
IE3D

Parameters:

Simulation
Resulis:

Substrate thickness = 0.21844 mm, permittivity = 2,33,

Conducter thickness = 0.005 mm, conductivity = 4.8 * 107 s/m.

Measured and other calculated results are from J. T, Aberle, D. M. Pozar, and C. R.
Birtcher, " Evaluation of input impedance and radar cross section of probe-fed
microstrip patch element using an accurate feed model,” JEEE Trans. Antennas

Propagat., Vol. AP-39, Dec. 1991, pp. 1891-1696.

Information on

IE3D

Simulation Cases|| TE3D(1) || IE3D(2) IE3D(3) IE3D(4)
Option Flat Probe || Tube Probe Flat Probe Tube Probe
Pentium 133{|Pentium 133|{Pentium Pro 200|(Pentium Pro 200
Geometry File || pfedlgeo || pfed2geo || pfedlgeo || pfed2.geo
Cells/Unknowns || 189/275 243/395 189/2735 243/395
Time (sec/freq) 24 93 12 49

IE3D Result Caleulated and Measured Results from Literature
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Examples of
IE3D simulations
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WVector Current Distribution, Circular Paolarization Patterns and Axial Ratio Display of the Antenna
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|IE3D allows you to display the current distribution, radiation pattern and axial ratio with different
excitations and loads. For this example, we feed the pert 2 with a 90: phase difference from port 1.
Shown above is the current distribution at a time difference of 90-. The rotation of vectors is an
indication of eircular polarization.

— Eright, phin0. [deq)
—— Elelt,phi=0. [deq] — dsial ratio, phi=0. [deq)
00

Effect of Finite The square finite ground plane is 50 mm long, compared to the 40 mm diameter of

Ground Planes the circular patch. Little difference is observed between the infinite ground plane
and finite ground plane structures in the frequency response. The forward radiation
patterns for the two antennas are also very close. The directivity and efficiency of
the antennas are significantly different.

Examples of
IE3D simulations
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Examples of
[E3D simulations
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