A DUAL-PORTED, DUAL-POLARIZED SPHERICAL NEAR-FIELD PROBE

J. R, Jones and D. P, Hardin
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Spherical near-field testing of antennas requires the
acquisition of a great volume of data. 1In general, to compute the
far-fleld of the antenna under test in any direction requires the
acquisition of data at sample inter?als related to the size of the
antenna under test over a spherical sampling surface completely
enclosing the antenna under test. This data must also be sampled
as a function of probe orientation. Even for the simplest
possible case, two probe orientations (or two probes) must be
used.

Acquisition of this much data takes a long time. The
requirement that data be acquired as a function of probe
orientation is particularly troublesome, since acquiring data for
even two probe orientations' doubles thev time required’ifor data
acquisition. 1In 1979, F. H. Larsen! demonstrated the feasibility
of wusing a dual-polarized,. dual-ported spherical near-field
probe. Such a probe makes possible the acquisition of spherical
near-field data for two probe orientations in a single scan. The
development of a broadband, dual-ported, dual-polarized antenna
which could be used as a spherical near-field probe was the goal

of the efforts reported herein.




The specifications desired for the dual-polarized spherical
near-field probe were based on our experience at Scientific-
Atlanta with single-ported probes. Maintaining adequate RF power
was known to be a problem even in a near-field test with a single-
ported probe. Therefore, in order to minimize the mismatch loss
associated with the dual-ported probe, its VSWR was constrained to
be less than 2.0:1 over the entire band of oberation. Then, use
of the probe with the Scientific-Atlanta model 1780 receiver's RF
sharing switch, which would be required for dual-ported operation,
and which 1itself exhibits a 2.0:1 VSWR, would cause no more than
1.94 dB of mismatch loss.?

The dual-ported probe was required to have an axially~
symmetric aperture. This aperture was to be excited by a single
TE11 wavegulde mode propagating in the circular waveguide. Such a
probe responds to a single, linearly-polarized component of the
electric field. If the aperture of the probe is small enough, the
probe, to a good appréximation, responds, to the electric field at
a point in a near-field test, meaning that the pattern of the
probe has a negligible effect on the computed far field. Also, it
is with such a probe, the pattern of which depends on the
azimuthal angle Xg in the same way as that of an ideal elemental
dipole, that measurements as a function of azimuthal angle Xg are
required for only two probe orientations, or for only one for a
dual-polarized probe. Figure 1 1llustrates the coordinate systems

used in spherical near-field scanning.
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A set of five probes, each operating over a standard

rectangular waveguide bandwidth, was to be designed. Single-mode
operation in circular waveguide over the bandwidth of a
rectangular waveguide 1is impossible. The ratio of the cutoff
frequency of the first higher-order mode (the TMy, mode) in
circular_waveguide to the cutoff frequency of the fundamental TE;;
mode is 1.306. 1In a rectangular waveguide such as WR-62 (Ku-band
waveguide, 12.4-18 GHz), the ratilo of the highest frequency of
operation to the lowest frequency of operation (which is higher
than the cutoff frequency of the fundamental TEIO mode) is
1.452. In practice, however, a device with no abrupt
discontinuities can propagate only a single waveguide mode even
where propagation of otﬁer modes 1is possible because energy 1is
transferred into higher—order modes at discontinuities.3 It was

required that the dual-ported probes operate 1in this manner.

The dual-ported probes were required to radiate fields with
high axial ratios (35 dB). For a probe of the type des cribed
above, the axlal ratio is highly dependent on the roundness of the
circular waveguide. The probes were thus required to have a high
degree of roundness. A probe with a high axial ratio is required
to avoid the necessity of correcting data measured with it for
polarization effects. An axial ratio for the probe of 35 dB
appears to yileld far-field patterns which are in good agreement
with far-field patterns measured on the Compact Range for the co-
polarized component of the field. Agreement of the cross-—
polarized component 1is far more difficult to achieve, and a
broadband probe with a sufficiently high axial ratio to yield good
agreement 1in the cross—polarized éomponent would be extremely

difficult to fabricate.

The final design of the dual-polarized probes is shown in
Figure 2. It is similar to that of the ultra-bandwidth finline
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coupler reported by S. D. Robertson in 1955,4 with the addition of
an 1integral coax-to-waveguide adapter at the side port. A
photograph of an electroformed prototype of this probe appears in
Figure 3. The APC~7 connector and the mounting flange have been
added to the final design since this prototype was fabricated.
The APC-7 connector provides a repeatable, easily-defined
reference plane for the measurement of the reflection coefficient
of the probe (which may be desired for precise gain measurements )
and the mounting flange provides a method for mounting the probe

which will not, in gripping the probe, squeeze it out of round.

Figure 4 shows the results of return loss measurements as a
function of frequency at the side (coax) port of the probe. The

return loss 1s related to the magnitude of the reflection
coefficient p by

2
LR(dB) = 10 loglop (1)

and the magnitude of the reflection coefficlent p is related to
the VSWR S by '

(2)

From equation (2), a 2.0:1 VSWR corresponds to a reflection
coefficient magnitude p = .333. This yields, by equation (1), a
return loss of 9.54 dB. As the figure indicates, the probe meets

the 2.0:1 VSWR specification over the entire band of operation
from 12.4-18 GHz.

The isolation of the two input ports of the probe was found
to be greater than 40 dB over the entire band of operation, and
the axial ratio of the waves excited at each port was greater than

35 dB over the whole band. In each of these "bench” tests, the
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Figure 3. Electroformed prototype of dual-polarized spherical
near field probe.
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near—field probe met the design specifications. The next test

attempted was use of the probe in a near-field test.

Figures 5-8 document the results of the near-field tests
performed with the dual-ported probe. These figures are
comparisons of the pattern for a standard antenna measured using
the spherical near—field technique with the dual-polarized
spherical near-field ©probe and wusing the compact range
technique. Figure 5 18 a comparison for the co-polarized
component with the antenna mounted in equatorial mount (main beam
on the equator of the measurement sphere).5 Figure 6 shows the
comparison 1in the cross-polarized component for this mounting
configuration. Figure 7 18 a comparison for. the co-polarized
component with the antenna mounted in polar mount (main beam on
the north pole of the measurement sphere). Figure 8 shows the
comparison 1in the cross—-polarized component for this mounting
configuration. These measurements were made a frequency of 13 GHz
because a great deal of information about the pattern at 13 GHz of

the test antenna used was avallable.

The efforts reported herein resulted in the design and
fabrication of a broadband dual-ported; dual-polarized spherical
near-field probe. This probe demonstrates a 2.0:1 VSWR at both
ports over the entire band of operation. The waves radiated by
the probe are highly linearly-polarized (axial ratio of 35 dB)’and
highly orthogonal (i1solation of >40 dB). The waves excited at the
two ports of the probe exhibit radiation patterns which are
somewhat different. When these patterns are decomposed into of
spherical modes, the coefficlents of the wvarious spherical modes
appear‘to agree to within about 10%. It 1is unknown whether this
degree of agreement 18 sufficlent to allow for the correction of
the effects of the probe pattern on the computed far~field

pattern. It is known, however, that the probe can be used to
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acquire data for non-probe corrected measurements with an accuracy

comparable to that attainable with a single-ported probe.
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A DUAL-PORTED, DUAL-POLARIZED SPHERICAL NEAR-FIELD PROBE

J. R. Jones and D. P, Hardin
Scientific—Atlanta, Inc.

Spherical near-field testing of antennas requires the
acquisition of a great volume of data. In general, to compute the
far-field of the antenna under test in any direction requires the
acquisition of data at sample intervals related to the size of the
antenna under test over a spherical sampling surface completely
enclosing the antenna under test. This data must also be sampled
as a function of probe orientation. Even for the simplest
possible case, two probe orientations (or two probes) must be
used.

Acquisition of this mch data takes a long time. The
requirement that data be acquired as a function of probe
orientation is particularly troublesome, since acquiring data for
even two probe orientationsi doubles the time required for data
acquisition. In 1979, F. H. Larsenl demonstrated the feasibility
of using a dual~polarized, dual-ported spherical near-field
probe. Such a probe makes possible the acquisition of spherical
near-field data for two probe orientations in a single scan. The
development of a broadband, dual-ported, dual-polarized antenna
which could be used as a spherical near-field probe was the goal

of the efforts reported herein.
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The specifications desired for the dual-polarized spherical
near-field probe were based on our experience &t Scientific-
Atlanta with single-ported probes. Maintaining adequate RF power
was known to be a problem even in a near-field test with a single-
ported probe. Therefore, in order to minimize the mismatch loss
assoclated with the dual-~ported probe, its VSWR was constrained to
be less than 2.0:1 over the entire band of operation. Then, use
of the probe with the Scientific—Atlanta model 1780 receiver's RF
sharing switch, which would be required for dual-ported operation,
and which 1itself exhibits a 2.0:1 VSWR, would cause no more than
1.94 dB of mismatch 1oss.2

The dual-ported probe was required to have an axially-
symmetric aperture. This aperture was to be excited by a sihgle
TE11 waveguide mode propagating in the circular wavegulde. Such a
probe responds to a single, linearly-polarized component of the
electric field. If the aperture of the probe is small enough, the
probe, to a good approximation, responds, to the electric field at
a point in a near-field test, meaning that the pattern of the
probe has a negligible effect on the computed far field. Also, it
is with such a probe, the pattern of which depends on the
azimuthal angle xo‘in the same way as that of an ideal elemental
dipole, that measurements as a function of azimuthal angle Xg are
required for only two probe orientations, or for on}y one for a
dual-polarized probe. Figure 1 illustrates the coordinate systems

used in spherical near-field scanning.
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A set of five probes, each operating over a standard
rectangular waveguide bandwidth, was to be designed. Single-mode
operation in circular waveguide over the bandwidth of a
rectangular waveguide 1is impossible. The ratio of the cutoff
frequency of the first higher-order mode (the ™y, mode) in
circular waveguide to the cutoff frequency of the fundamental TE;
mode is 1.306. 1In a rectangular waveguide such as WR-62 (Ku-band
waveguide, 12.4-18 GHz), the ratio of the highest frequency of
operation to the lowest frequency of operation (which 1s higher
than the cutoff frequency of the fundamental TElO mode) 1is
1.452. In practice, however, a device with no abrupt
discontinuities can propagate only a single waveguide mode even
where propagation of other modes is possible because energy is

3

transferred into higher-order modes at discontinuities. It was

required that the dual-ported probes operate in this manner.

The dual-ported probes were required to radiate fields with
high axial ratios (35 dB). For a probe of the type described
above, the axial ratio is highly dependent on the roundness of the
circular waveguide. The probes were thus required to have a high
degree of roundness. A probe with a high axial ratio is required
to avoid the necessity of correcting data measured with it for
polarization effects. An axial ratio for the probe of 35 dB
appears to yield far-field patterns which are in good agreement
with far-field patterns measured on the Compact Range for the co-
polarized component of the field. Agreement of the cross=-
polarized component is far more difficult to achieve, and a
broadband probe with a sufficiently high axial ratio to yield good
agreement 1in the cross~polarized éomponent would be extremely

difficult to fabricate.

The final design of the dual-polarized probes is shown in
Figure 2. It is similar to that of the ultra—bandwidth finline
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coupler reported by S. D. Robertson in 1955,4 with the addition of
an integral coax-to-waveguide adapter at the side port. A
photograph of an electroformed prototype of this probe appears in
Figure 3. The APC-7 connector and the mounting flange have been
added to the final design since this prototype was fabricated.
The APC~7 connector provides a repeatable, easily-defined
reference plane for the measurement of the reflection coefficient
of the probe (which may be desired for precise gain measurements)
and the mounting flange provides a method for mounting the probe
which will not, in gripping the probe, squeeze it out of round.

Figure 4 shows the results of return loss measurements as a
function of frequency at the side (coax) port of the probe. The

return loss 1s related to the magnitude of the reflection
coefficient p by

) L
LR(dB) = 10 1oglop (1)

and the magnitude of the reflection coefficient p is related to
the VSWR S by ‘

(2)

From equation (2), a 2.0:1 VSWR corresponds to a reflection
coefficient magnitude p = .333. This yields, by equation (1), a
return loss of 9.54 dB. As the figure indicates, the probe meets

the 2.0:1 VSWR specification over the entire band of operation
from 12.4-18 GHz.

The isolation of the two input ports of the probe was found
to be greater than 40 dB over the entire band of operation, and
the axial ratio of the waves excited at each port was greater than
35 dB over the whole band. In each of these “bench” tests, the
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Figure 3. Electroformed prototype of dual-polarized spherical
near field probe. :
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near-field probe met the design specifications. The next test

" attempted was use of the probe in a near-field test.

Figures 5-8 document the results of the near-field tests
performed with the dual-ported probe. These figures are
comparisons of the pattern for a standard antenna measured using
the spherical near-field technique with the dual-polarized
spherical near-field probe and using the compact range
technique. Figure 5 1s a comparison for the co—-polarized
component with the antenna mounted in equatorial mount (main beam
on the equator of the measurement sphere).5 Figure 6 shows the
comparison in the cross-polarized component for this mounting
configuration. Figure 7 1is a comparison for the co-polarized
component with the antenna mounted in polar mount (main beam on
the north pole of the measurement sphere). Figure 8 shows the
comparison in the cross-polarized component for this mounting
configuration. These measurements were made a frequency of 13 GHz
because a great deal of information about the pattern at 13 GHz of

the test antenna used was available.

The efforts reported herein resulted in the design and
fabrication of a broadband dual-ported; dual-polarized spherical
near-field probe. This probe demonstrates a 2.0:1 VSWR at both
ports over the entire band of operation. The waves radiated by
the probe are highly linearly-polarized (axial ratio of 35 dB) and
highly orthogonal (isolation of >40 dB). The waves excited at the
two ports of the probe exhibit radiation patterns which are
somewhat different. When these patterns are decomposed into of
spherical modes, the coefficients of the various spherical modes
appear to agree to within about 10%. It is unknown whether this
degree of agreeﬁent is sufficient to allow for the correction of
the effects of the probe pattern on the computed far-field

pattern. It is known, however, that the probe can be used to
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acquire data for non-probe corrected measurements with an accuracy

comparable to that attainable with a single-ported probe.
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