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Abstract—A design of a well-characterized, mechanically and
thermally stable multi-frequency VAlidation STandard antenna
for mm-wave frequencies (mm-VAST) developed in an ESA
project is presented. The antenna will facilitate inter-comparison
and validation of antenna measurement ranges at K/Ka and
Q/V bands in response to on-going deployment of satellite
communication services at 20/30 GHz (K/Ka-band) as well as
future commercial use of the 40/50 GHz bands (Q/V-band).

Index Terms—antenna measurements, reflector antenna, mil-

limeter waves.

I. INTRODUCTION

Numerous antenna measurement facility comparison cam-

paigns conducted in the past three decades clearly show

advantages of having dedicated VAlidation STandard anten-

nas (VAST) specifically designed for these purposes. Being

mechanically and electrically stable a VAST antenna excludes

uncertainties associated with an antenna under test (AUT),

and thus allows a measurement range and a measurement

procedure to be readily verified [1].

A new multi-frequency mm-wave VAST antenna (mm-

VAST) is being developed for inter-comparison and validation

of antenna test ranges at higher GHz frequency bands (K/Ka-

band and Q/V-band) intended for upcoming broadband satellite

communications. The project involves electrical, mechanical,

and thermal design as well as manufacturing and testing of

the antenna. Here, the synergy of the respective expertizes of

three parties involved in this project comes into play:

• Electromagnetic Systems (EMS) Group of the Depart-

ment of Electrical Engineering at the Technical University

of Denmark (DTU) — expertise in antenna measurements

and antenna measurement techniques; operates DTU-

ESA spherical near-field (SNF) antenna test facility [2];

• TICRA — expertise in computational electromagnetics;

reflector antenna analysis and design; developer of the

reflector antenna analysis software GRASP and the feed

horn design software CHAMP;

• Wind Turbine Structures (WTS) and Composite Materials

Sections of the Department of Wind Energy at DTU —

Fig. 1. DTU-ESA mm-VAST antenna

expertise in dynamic loads and structural design as well

as in composites and materials mechanics.

II. REQUIREMENTS TO THE MM-VAST ANTENNA

The main challenges of the project include not only multi-

frequency capabilities of the mm-VAST antenna, but also very

stringent requirements on the gravity and temperature induced

uncertainties of the measured characteristics. It is required

that any deformities of the mm-VAST antenna during tests,

assuming the antenna is rotated and the temperature varies

±5◦C, introduce an error ten times less than the measurement

accuracy being sought. With the measurement accuracy of

the peak directivity attained at the DTU-ESA SNF range of

0.03 dB (1σ), deviations should not exceed 0.003 dB (1σ). In

combination with a short wavelength (6 mm) at the highest

operational frequency, this requirement results in maximum

acceptable deformations of the antenna structure of the order

of microns. The main requirements are summarized in Table I.

III. ELECTRICAL DESIGN OF THE MM-VAST ANTENNA

The mm-VAST antenna will be a reflector antenna, as this

configuration has proven its viability through 20-year long



TABLE I
REQUIREMENTS TO THE MM-VAST ANTENNA

Operational frequencies Frequency 1 in the band 17.5–20.2 GHz

Frequency 2 in the band 27.5–31.0 GHz

Frequency 3 in the band 37.5–40.5 GHz

Frequency 4 in the band 47.2–50.2 GHz

Gain Frequency 1 and 2: 30–35 dBi

Frequency 3 and 4: 33–38 dBi

Polarization Reconfigurable between linear and circular
at all operational frequencies

Co-polar pattern Challenging to measure:

• near-sidelobes (1st-3rd) in the range
18–25 dB below peak

• deep nulls
• far-out sidelobes at least 30 dB below

peak
• an asymmetry
• different beamwidths in the orthogonal

planes
• flat-top or split main beam

Cross-polar pattern
• XPD > 20 dB in the main beam region
• null in the main beam region

Spillover loss < 0.35 dB

Return loss 10–20 dB

Coordinate systems Optical and mechanical

Temperature range 20± 5
◦C

TABLE II
GEOMETRICAL PARAMETERS OF THE MM-VAST ANTENNA

Aperture 230 × 230 mm

Focal lengths Fx = 167 mm

Fy = 220 mm

Offset 200 mm

Offset angle 57.6◦

operability of VAST-12 — a validation standard antenna for

12 GHz also developed by DTU [3].

The optimized design of the mm-VAST antenna is sketched

in Fig. 1. The reflector surface is defined by the following

equation

z =
x2

4Fx

+
y2

4Fy

, (1)

which describes a paraboloid with different focal lengths in

the orthogonal planes, Fx and Fy. This reduces the varia-

tion of the directivity over the large frequency span from

Frequency 1 to Frequency 4 and at the same time ensures

different beamwidths in the orthogonal planes. The square

aperture facilitates the near-sidelobes in the specified range

(18–25 dB below peak) and moderate spill-over loss. The main

geometrical parameters of the antenna are provided in Table II.

IV. FEED SYSTEM OF THE MM-VAST ANTENNA

The feed system consists of four Picket-Potter horns [4] —

one for each of the operating frequencies. These are simplified

versions of classical Potter horns [5]; they have narrower
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Fig. 2. Geometry of a simple LP to CP polarizer (a) and simulated
and measured reflection coefficient and axial ratio (AR) for a manufactured
prototype (b).

bandwidth, which however is more than sufficient for a single-

frequency operation required from each of them. The horn

apertures are placed in the same plane, while the horn axes

are parallel and located in the antenna symmetry plane (see

Fig. 1). The former eases the manufacturing, whereas the latter

guarantees null of the cross-polarization in linear polarization

(LP) operation mode.

The horns were designed by EMS using TICRA’s CHAMP

software and combined in a cluster. Only one feed horn

operates at a time; others are terminated with a well-defined

load (short circuit). A feed chain for each feed horn consists of

a rectangular to circular waveguide transition mounted directly

to the feed cluster in the LP operation mode. In the circular

polarization (CP) operation mode, the transition is substituted

by an LP to CP waveguide polarizer.

Since each polarizer is required to operate at a single

frequency, a simple geometry composed of two sections of

rounded rectangular waveguides was selected (Fig. 2a). The

first section aligned with an input rectangular waveguide

matches the latter to the rest of the feed chain. The second

section is rotated by 45◦ with respect to the first one for

polarization conversion. Parameters of both sections were

optimized for each horn individually taking into account

its complex reflection coefficient at the respective operating

frequency. The polarizer for Frequency 4 was manufactured

and measured together with the respective horn; the resulting



Fig. 3. Feed cluster of four Picket-Potter horns under measurements

Fig. 4. Measured and simulated radiation patterns of the horn 1 in the feed
cluster operating at 19.8 GHz

reflection coefficient and the axial ratio (AR) agree very well

with the predictions (Fig. 2b). The minimum AR of 0.15 dB

is achieved at 47.93 GHz with the reflection coefficient of

−19.4 dB. The observed 0.2% frequency shift with respect to

the simulations does not present any problem, as the operating

frequency can be freely selected as long as it lies within the

band specified in the requirements (see Table I).

The rectangular to circular waveguide transitions for LP are

simple sections of rounded rectangular waveguides.

A prototype of the designed feed cluster was manufactured

at the EMS workshop and measured at DTU-ESA SNF

antenna test facility (Fig. 3). The simulated and measured

radiation patterns for the horn operating at Frequency 1 are

presented in Fig. 4. A good agreement between simulations

and measurements is observed.

V. ELECTRICAL CHARACTERISTICS OF THE MM-VAST

ANTENNA

The radiation patterns of the mm-VAST antenna obtained

using GRASP are presented in Fig. 5. The peak directivity

meets the specifications (see Table I) at all four operating

frequencies. Pattern features challenging to measure, such as

different beamwidths in the orthogonal planes and flat-top

main beam, are present at Frequencies 2-4. Requested near-

sidelobes in the range 18–25 dB below peak (red area on

the plots) as well as deep nulls can be observed. The cross-

polarization level is at least 20 dB below peak within –1 dB

main beam contour, as required. In general, almost all the

requirements are met at all frequencies for both LP and CP;

the few noncompliances are minor and deemed acceptable.

VI. MECHANICAL DESIGN OF THE MM-VAST ANTENNA

The mechanical design of the mm-VAST antenna has been

carried out by WTS based on the antenna electrical design and

maximum acceptable tolerances identified by TICRA via full-

wave simulations. As noted above, the latter are of the order

of few microns for feed and reflector displacements, while the

acceptable rotations of the reflector are of the order of few

ten-thousandths of a degree.

To meet these stringent specifications, the support frame

and reflector are made of 8-mm thick monolithic carbon fiber

reinforced plastic (CFRP) panels. The feed cluster mounting

interface, the antenna mounting flange, and other metal parts

are made in Invar. These materials are chosen in order to

provide the optimum combination of mechanical strength and

thermal stability, as they have very low thermal expansion

coefficient and high stiffness.

The mechanical modelling of the antenna was carried out

using the commercial finite element package MSC.Patran

(version 2012.2) and MSC.MARC was applied as a solver in

all analyses. The numerical load configurations (rotations in

gravity and temperature variations) were scaled with a factor

of 100 compared with the nominal design load cases, as the

displacements response of the antenna model, when subjected

to the nominal design load cases, were too small to compute

with an acceptable precision. It was assumed, and also verified

by the analyses, that the response of the antenna is linear and

therefore the scaling as well as superposition of the computed

displacements and rotations are valid. Fig. 6 illustrates the

result of one of the simulations for a thermal load case.

The overall results of the simulations validate the design

showing that the displacements and rotations of the antenna

parts due to arbitrary orientation of the gravity force and tem-

perature variations lie within the limits set by the maximum

acceptable measurement uncertainty introduced by the antenna

deformations under test (0.003 dB (1σ) in peak directivity).

There will be two coordinate systems – mechanical and

optical. The mechanical coordinate system will be defined by

the normal to the antenna mounting flange and a spirit level

attached to the support frame. The optical coordinate system

will be defined by a mirror cube placed behind the reflector.



Fig. 5. LP radiation patterns of mm-VAST antenna simulated in GRASP

Fig. 6. Deformations in the thermal load case. Displacement magnitude
scaled factor by a factor of 100.

VII. CONCLUSION

The DTU-ESA mm-wave Validation Standard (mm-VAST)

antenna for test range inter-comparisons is under development

at the Technical University of Denmark (DTU) in collab-

oration with TICRA. The results of the final design phase

are summarized in this contribution. The antenna is currently

being manufactured and further results will be presented at the

conference.
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