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Abstract—This paper is presenting Finite Element Tearing
and Interconnecting (FETI) simulation results of large scale
single and dual Ka-band lens transmit-arrays obtaied on
massively parallel clusters. The computation timeshserved with
the FETI method allow us to consider using it in theoptimization
phase of such transmit-arrays. Abstrac)

Keywords—Ka-band transmit-array, lens, FETI domain
decomposition

I. INTRODUCTION

Ka-band high gain satellite antennas providing tbaad
access services are required for installation orghHi
Throughput Satellites (HTS) and high altitude matis
(HAPs). Recent works show the interests of a tritramay
(Fig. 1,Fig. 2) used for ground terminal to corat#i high gain
(30 dBi) with wide beam scanning (0 to 50°) andeana
height (F/B<1) for single band (30 GHz) [1] and dual band (20
and 30 GHz)[2].

The full wave simulation of these Fresnel lensagiires
considerable computation effort. Indeed, the dinwssof the
lens of 30 dBi gain are approximately 2k 15X at 30 GHz
and the electromagnetic problem to be solved ispesindic.

The single band lens is composed of 4524 phaginghi Fig. 1. Single band 30 dBi lens antenna (DOI: 10.1109/TAR522484419)

cells chosen from 63 different constitutive uniis€rhese unit
cells are composed by five metallized layers of cemrtric
squared patches on four substrate layers of R@yemd 5880
(e,=2.2 and tard = 0.0009).The in-plane width of the unit cell
is P= 2.5 mm. The periodic simulation methods are tloeee
unusable here, whereas conventional full wave sitors
require very important computing times as well a8VR
memory.

Fig. 2. Zoom of the single band transmit array, geometrymesh of cell 63
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The dual band lens operating at 20 GHz and 30 itz (
3) is composed of 2352 cells. The 31 dual band celits
designed in [2] (Fig. 4) are properly arranged rtovjgle beam
collimation. These unit cells are composed by sewetallized
layers of concentric squared patches and stripsi@ojmted on
six substrate layers of Rogers Duroid 58862.2 and tard =
0.0009). The metallization can be modelled by afeper
electromagnetic conductor (PEC) with zero thickneBke
thickness of each dielectric layersis 1.617 mm. The in-plane
width of the unit cell i$>= 3.5 mm.

The objective of this presentation is to evaluabte t
potentialities of the domain decomposition meth&l F2LM
implemented in the FACTOPO tool for the simulatafiarge
transmit arrays on massively parallel clusters gisMPI
programming. For this purpose, recent results obthin the
context of RCS reduction, using the FETI-2LM tecjus
([31,[4]) have been completed for antenna gain &atmns.
They rely on finite element resolutions of the lgm@blems of
each of the phase-shifting cells and an iterativenection of
the subdomains with the implementation of Robinetyp
transmission conditions on the interfaces ([4]).

L /Beam direction

<:| i I :‘ Linear displacement for

~ Offset I-‘resnel TA elevation scanning

2 Horns (20/30 GHz)

360° rotation for
azimuth scanning

Fig. 3. Dual band transmit array

Fig. 4. Dual band unit cell ([2])

Il. FETISIMULATIONS

A. HPC cluster used for benchmarking

The simulations are implemented on the Bull high-

performance parallel machine “Occigen” of the “Cent
Informatique National de I'Enseignement Superi@INES).
This machine has a total of 2,106 computing nodiéis two
Intel Xeon processors Haswell E5-2690v3 clocke2l& GHz

and each equipped with 12 cores. Each computing had 24
cores with 5 GB memory each.

B. Mesh and FETI strategy

The single band lens operating at 30 GHz [1] isstiaried
by 4524 phase shifting cells belonging to a set 68f
elementary cells and the dual band lens is compos@352
cells. The problem is then definitively non periodas
illustrated by Fig. 2. In our domain decompositistnategy,
only the meshes of the elementary cells are serd tmre
processor and the total mesh of the lens is nargéed for the
simulation.

C. Single band lens: simulation and measurementstesul

We illuminate the lens with a standard 14.5 dBinrhor
antenna oriented such that the E-field is paréti¢he shortest
dimension of the horn. The horn is positioned & tbcal
distance F=100 mm below the lens and the analysi®ne at
30 GHz (Fig. 1).

The 30 dBi full lens problem including the horn smuis
requiring 3.12 billion volume unknowns, 631 milliamerface
unknowns and is solved on 15,688 Intel E5-2690u®&sdn
less than 10 minutes per beam. The memory perprosessor
consumed is 2.5 GB. The FETI gain diagrams areiderex
acceptable compared to measurements, CST TD tim&ido
and HFSS FE-BI ([5]) frequency domain simulatioasults
obtained on 28 Intel E5-2670v2 cores (Fig. 5,FIgABLE I.
). The computation times observed with the FETIhodtallow
us to consider using it in the optimization phagesoch
transmit-arrays.
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Fig. 5. Measured and simulated gain radiation patterns aittentered horn
source
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D. Dual band lens: simulation and measurements results

Two 15-dBi standard-gain rectangular horn anteramasused
to illuminate the transmit array at each band (Fiy. with

their phase centers positioned at 100 mm distarama the
bottom face of the transmit array. For each lerstiom, one
horn orientation should be simulated (y-pol) asvahin Fig.

7.

20 GHz horn

30 GHz horn

z=0—»

Gain: 14.47 dBi TN
Phase centre: (0,0,-2.1) (mm

Gain: 14.56 dBi -
Phase centre: (0,0,-1.1) (mm)

Fig. 7. Models of the horns antennas used as feed for tlaé lthnd lens:
Flann Microwave N° 20240-15 for 20 GHz and Flanncidwave N°
22240-15 used

The results presented hereafter concern the simndatt 20
GHz. The simulations obtained at 30 GHz will besprged
during the conference. The full lens problem inatgdhe horn
source is requiring 2.26 billion volume unknowngg4million
interface unknowns and is solved on 9,601 Intel26S6v3
cores in 35 minutes per beam. The memory per aaeepsor
consumed is 1.7 GB. The FETI gain diagrams areiderex

Fig. 8. Dual band lens: measured and simulated Gain redigtatterns for
different beam tilt angles at (20 GHz)
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Fig. 9. Dual band lens: simulated gain radiation pattemrsa=0 mm (20
GHz)
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Fig. 10.Dual band lens: simulated gain radiation patteansaf -15 mm (20
GHz)

Gain(dBi)
2.

Fig. 11.Dual band lens: simulated gain radiation patteanafE+44 mm (20
GHz)
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I. INTRODUCTION

Ka-band high gain satellite antennas providing tbaad
access services are required for installation orghHi
Throughput Satellites (HTS) and high altitude matis
(HAPs). Recent works show the interests of a tritramay
(Fig. 1,Fig. 2) used for ground terminal to corat#i high gain
(30 dBi) with wide beam scanning (0 to 50°) andeana
height (F/B<1) for single band (30 GHz) [1] and dual band (20
and 30 GHz)[2].

The full wave simulation of these Fresnel lensagiires
considerable computation effort. Indeed, the dinwssof the
lens of 30 dBi gain are approximately 2k 15X at 30 GHz
and the electromagnetic problem to be solved ispesindic.

The single band lens is composed of 4524 phaginghi Fig. 1. Single band 30 dBi lens antenna (DOI: 10.1109/TAR522484419)

cells chosen from 63 different constitutive uniis€rhese unit
cells are composed by five metallized layers of cemrtric
squared patches on four substrate layers of R@yemd 5880
(e,=2.2 and tard = 0.0009).The in-plane width of the unit cell
is P= 2.5 mm. The periodic simulation methods are tloeee
unusable here, whereas conventional full wave sitors
require very important computing times as well a8VR
memory.

Fig. 2. Zoom of the single band transmit array, geometrymesh of cell 63
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The dual band lens operating at 20 GHz and 30 itz (
3) is composed of 2352 cells. The 31 dual band celits
designed in [2] (Fig. 4) are properly arranged rtovjgle beam
collimation. These unit cells are composed by sewetallized
layers of concentric squared patches and stripsi@ojmted on
six substrate layers of Rogers Duroid 58862.2 and tard =
0.0009). The metallization can be modelled by afeper
electromagnetic conductor (PEC) with zero thickneBke
thickness of each dielectric layersis 1.617 mm. The in-plane
width of the unit cell i$>= 3.5 mm.

The objective of this presentation is to evaluabte t
potentialities of the domain decomposition meth&l F2LM
implemented in the FACTOPO tool for the simulatafiarge
transmit arrays on massively parallel clusters gisMPI
programming. For this purpose, recent results obthin the
context of RCS reduction, using the FETI-2LM tecjus
([31,[4]) have been completed for antenna gain &atmns.
They rely on finite element resolutions of the lgm@blems of
each of the phase-shifting cells and an iterativenection of
the subdomains with the implementation of Robinetyp
transmission conditions on the interfaces ([4]).

L /Beam direction

<:| i I :‘ Linear displacement for

~ Offset I-‘resnel TA elevation scanning

2 Horns (20/30 GHz)

360° rotation for
azimuth scanning

Fig. 3. Dual band transmit array

Fig. 4. Dual band unit cell ([2])

Il. FETISIMULATIONS

A. HPC cluster used for benchmarking

The simulations are implemented on the Bull high-

performance parallel machine “Occigen” of the “Cent
Informatique National de I'Enseignement Superi@INES).
This machine has a total of 2,106 computing nodiéis two
Intel Xeon processors Haswell E5-2690v3 clocke2l& GHz

and each equipped with 12 cores. Each computing had 24
cores with 5 GB memory each.

B. Mesh and FETI strategy

The single band lens operating at 30 GHz [1] isstiaried
by 4524 phase shifting cells belonging to a set 68f
elementary cells and the dual band lens is compos@352
cells. The problem is then definitively non periodas
illustrated by Fig. 2. In our domain decompositistnategy,
only the meshes of the elementary cells are serd tmre
processor and the total mesh of the lens is nargéed for the
simulation.

C. Single band lens: simulation and measurementstesul

We illuminate the lens with a standard 14.5 dBinrhor
antenna oriented such that the E-field is paréti¢he shortest
dimension of the horn. The horn is positioned & tbcal
distance F=100 mm below the lens and the analysi®ne at
30 GHz (Fig. 1).

The 30 dBi full lens problem including the horn smuis
requiring 3.12 billion volume unknowns, 631 milliamerface
unknowns and is solved on 15,688 Intel E5-2690u®&sdn
less than 10 minutes per beam. The memory perprosessor
consumed is 2.5 GB. The FETI gain diagrams areiderex
acceptable compared to measurements, CST TD tim&ido
and HFSS FE-BI ([5]) frequency domain simulatioasults
obtained on 28 Intel E5-2670v2 cores (Fig. 5,FIgABLE I.
). The computation times observed with the FETIhodtallow
us to consider using it in the optimization phagesoch
transmit-arrays.
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Fig. 5. Measured and simulated gain radiation patterns aittentered horn
source
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D. Dual band lens: simulation and measurements results

Two 15-dBi standard-gain rectangular horn anteramasused
to illuminate the transmit array at each band (Fiy. with

their phase centers positioned at 100 mm distarama the
bottom face of the transmit array. For each lerstiom, one
horn orientation should be simulated (y-pol) asvahin Fig.

7.

20 GHz horn

30 GHz horn

z=0—»

Gain: 14.47 dBi TN
Phase centre: (0,0,-2.1) (mm

Gain: 14.56 dBi -
Phase centre: (0,0,-1.1) (mm)

Fig. 7. Models of the horns antennas used as feed for tlaé lthnd lens:
Flann Microwave N° 20240-15 for 20 GHz and Flanncidwave N°
22240-15 used

The results presented hereafter concern the simndatt 20
GHz. The simulations obtained at 30 GHz will besprged
during the conference. The full lens problem inatgdhe horn
source is requiring 2.26 billion volume unknowngg4million
interface unknowns and is solved on 9,601 Intel26S6v3
cores in 35 minutes per beam. The memory per aaeepsor
consumed is 1.7 GB. The FETI gain diagrams areiderex

Fig. 8. Dual band lens: measured and simulated Gain redigtatterns for
different beam tilt angles at (20 GHz)
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Fig. 9. Dual band lens: simulated gain radiation pattemrsa=0 mm (20
GHz)
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Fig. 10.Dual band lens: simulated gain radiation patteansaf -15 mm (20
GHz)

Gain(dBi)
2.

Fig. 11.Dual band lens: simulated gain radiation patteanafE+44 mm (20
GHz)
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