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A DUAL-POLARIZED PROBE SYSTEM FOR NEAR-FIELD MEASUREMENTS

Flemming Holm Larsen and Jesper E. Hansen
Electromagnetics Institute
Technical University of Denmark

DK-2800 Lyngby, Denmark

Near—field measurements (planar, cylindrical or spherical) on large
antennas require thousands of field values to be measured. Usually,
two near-field scans are performed with the polarization of the
probe antenna rotated 90  between the two scans. A probe which can
receive two polarizations at the same time in connection with a
three-channel phase/amplitude receiver halves the measurement time
and eliminates the need for rotation of the probe. Further, a dual
polarized probe system offers improved accuracy in measurements of
near-field polarization. The system described in this paper has been
designed for spherical measurements in particular, but may be used
to advantage for planar and cylindrical measurements as well.

The measurement procedure and the data processing of spherical near
-field measurements [1-4] are greatly facilitated by restricting
the probe to receive spherical modes with azimuthal index m = *1
only. If such a probe is rotated about the z-axis of its coordinate
system, the received signal W will vary as

- ix ~ix
Wix) = w+1 e + W_l e (1)
even when the probe is in the near field of the test antenng (time
factor e”iWt), fThus from measurements at y = 0° and x = 90" the
received signal at any angle ¥ can be predicted. Assuming reciproc-
ity, the radiation field of the probe will have the form

E(r,0,0) = (By(z,0,008+E, (r,8,004) cos¢

$
(B4 (r,8,90)8 + E¢(r,e,90)$) sing (2)

The probe antenna chosen here and sketched in fig. 1 is a conical
horn excited by TE..-modes in a circular waveguide. The waveguide
is connected to an orthomode transducer (OMT) with two nominally
perpendicular linear polarizations. However, the fields excited
from the two ports of the OMT will in practice be slightly and
differently elliptically polarized and the amplitudes and the
phases in particular will be different. When the probe is receiv-
ing, the signal in port 2 will therefore not vrecisely correspond
to the signal in port 1 when the probe is rotated 900, as it is
assumed in the usual near-field probe-~correction algorithms.

The TE,.,-mode excitation in connection with the rotational symme try
of the antenna yields

Eq(x,6,90) = PEy(r,6,0) and E¢(r,e,0) = -pE¢(r,9,90) (3)
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where p is the complex polarization ratio Ey/E on the z-axis. Let
port 1 be the one which nominally excites an x-polarized field on
the z-axis. The field radiated from port 1 will be

El(r,e,¢) = (Ee(r,B,O)é - plE¢(r,6,90)$) cosp +
(plEe(r,e,O)é + E¢(r,e,90)$) sing (4)

with the deviation from linear polarization included. The polariza-
tion ratio p, is measured by a three-antenna method [5—?]. If one
of the two o%her antennas is used for determining the ¢ = 0~ and

¢ = 900 patterns of the probe, the functions E, and E, can be found
in the far field correcting for the non-linear polarization of both
antennas.

The field excited from port 2 which nominally should be y-polarized
will have the form

Ez(r,9,¢) = Az[}sze(r,e,O)e - E¢(r,6,90)¢) cosé

+ (Ee(r,e,O)G + pZEQ(r,9,9O)¢) sin%} (5)

where A, is a complex phase and amplitude factor and p, is the polar-
ization“ratio EX/E_ on the z-axis. Since E,(r,0,0) ang E (r,9,90)
has keen found by measurements with port 1, a knowledge o% A, and P,
is sufficient to predict the radiation pattern of port 2. A, and p
can conveniently be measured in connection with the three-antenna
polarization measurement with both ports receiving. It is seen that
if the two fields (4) and (5) are combined as

1%

= 1= 1 5 s

(El - A-— E2) WP— = Ee(r,e,O)e cosd + E¢(r,e,90)e sing (6)
2 172

E') - 1 A~ ~

(X;" pZEl) T:EIE; Ee(r,S,O)B sin¢ - E¢(r,6,90)¢ cosd (7)

the combined patterns correspond to a linearly polarized antenna in
the two positions x = 0° and x=90°, respectively. When the probe
is used for near-field measurements, the signals measured by the
two ports W. and W, shall also be combined as

1 2
p w
1 1 1 2
W(0) = ————— (W, - —W,) and W(90) = ———— {(— - p.W.) (8)
l+plp2 1 A2 2 l+plp2 A2 271

and W(0) and W(90) can then be used in the near-field far-field
transformation programs performing the probe correction as for a
linearly polarized antenna with the pattern (6). If the calibra-
tion measurements are carried out with the total system assembled
as shown in fig. 1, the coupling between the two ports and the
internal reflections in the waveguides and cables are taken into
account by (8) and the probe correction.

The probe system described offers a particular advantage for plane
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polar near-field measurements [é], where it is usually necessary to
keep the x and y axes of the probe parallel to the x and y axes of
the test antenna in order to perform probe correction. When the
probe is mounted on a rotating arm it must be rotated synchronous-
1y backwards relative to the arm in order to keep its axes parallel
to the axes of the test antenna. However, with the probe system
described here, the received signal for any polarization angle ¥
can be found by

W(x) = WwW(0)cosy + W(90)siny (9

Thus the probe can be fixed to the arm and the counter rotation can
be accurately done in the computer.
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