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Abstract—A comparison of 60 GHz planar and spherical near-

field antenna measurements for two widely different antennas 
under test is presented to demonstrate how the non-ideal aspects 
of the measurement systems affect the far-field radiation patterns 
for mm-wave antennas. In general, a very good agreement is 
observed but clear differences are also noted. 

Index Terms—antenna, near-field, mm-waves, measurement. 

I.  INTRODUCTION 

Several challenges are encountered in near-field 
measurements of mm-wave antennas due to the small 
wavelength; non-ideal aspects of the measurement system 
which may be insignificant at longer wavelength may now 
become significant. These include mechanical alignments errors 
such as deviations from perfect plane or spherical scanning 
surfaces and non-orthogonality of rotation or translation axes, 
bending of cables and rotation of rotary joints, temperature 
variations, and increased path loss unless this is compensated by 
increased gain of the antenna under test or the range probe [1] 
[2]. 

In this paper we compare 60 GHz far-field radiation patterns 
from planar near-field (PNF) and spherical near-field (SNF) 
measurements to investigate how these non-ideal aspects affect 
the two different measurement systems. The PNF measurements 
are conducted at the DTU Planar Near-Field Antenna 
Measurement Facility which is a medium-accuracy system used 
for in-house research and teaching while the SNF measurements 
are conducted at the DTU-ESA Spherical Near-Field Antenna 
Test Facility which is an ESA external reference laboratory for 
high-accuracy testing of space-technology antennas. The main 
challenge for the PNF measurements is the mechanical 
alignment while for the SNF measurements it is the 83 dB path 
loss due to the 6 m measurement distance. 

The comparison is done for two widely different antennas 
under test (AUT) developed at DTU. The first is a 60 GHz dual-
polarized probe including an ortho-mode transducer (OMT) and 
switch [5] and the second is a 60 GHz metallic 3D-printed offset 
dual-reflector antenna with integrated conical feed and circular-
to-rectangular transition [8]. The comparison includes co-and 

cross-polar radiation patterns, on-axis directivity, and on-axis 
polarization parameters; for the dual-polarized probe it also 
includes the channel balance. 

The paper is organized as follows: In Section II the PNF and 
SNF measurement facilities are described as are the parameters 
for the measurements of the two AUTs. In Section III the dual-
polarized probe and the offset dual-reflector antenna are 
described. Section IV presents the comparison of the PNF and 
SNF measurements results for the dual-polarized probe, and 
Section V the comparison for the offset dual-reflector antenna. 
Finally, Section VI presents the conclusions. 

II. DTU ANTENNA MEASUREMENT FACILITIES 

A. Planar Near-Field Facility 

The DTU PNF Antenna Measurement Facility , see Fig. 1 
is based on a 0.8 x 1.5 m2 planar scanner with the scan plane 
planarity being estimated to be within a few tenths of mm, 
depending on the scan area. Two motor controllers and two step 
motors from JVL provide a xy-resolution of 0.0125 mm [1]. The 
PNF operational capability was extended to mm-wave range by 
integrating into the system an Agilent E8361A VNA operating 
up to 67 GHz, two cables from Pasternack working up to 65 
GHz, a 40-60 GHz open-ended circular waveguide probe 
(OECW) based on a WR-19 OMT from Millitech but used in 
one polarization. To reduce the losses, the cables lengths were 
selected to be short 1 m and 1.5 m. The scan area was limited to 
200 × 220 mm2 to reduce the cable bending and electrical 
characteristics variation. The data processing and control is 
implemented in a MATLAB program. 

For PNF testing of the dual-polarized probe, full-scan 
measurements are carried out over a 200 × 200 mm2 scan area 
with a 2.4 mm sampling step in both horizontal and vertical 
directions. The duration of one scan is 8 hours for 83 × 83 scan 
points. The validity region is calculated to be ±62° for this area 
size, with a 40 mm probe-AUT distance and 52 mm diameter 
aperture of the dual-polarized probe.  

For the metallic 3D-printed offset dual-reflector antenna 
full-scan measurements are conducted over a 300 × 300 mm2 
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