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For over a decade the National Bureau of

Standards (NBS) has wusaed che planax
near-field method 'to accurately
dectermine the gain, polarization and

patterns of antennas elther transmicting
or receiving cv signals. Soume of these
calibrated antennas have also been
measured atv other facilities To
determine and/or verify the accuraciss
obtainable with thelr ranges. The
facilitiea involved have included near-
field xanges, far-£fleld
compact ranges.

zanges, and

Recently, NBS has calibrated an ancenns
to be used ro evaluate both 3 near-field
range and a compact range. These ranges

are to be used to measure an
electronically-sceerable antenna whilch
transmics ornly pulsed-cw signals. The

ancenna calidraced by NBS was chogen Co
be similar {n physical size and
frequency of operation to the array and
wvags also callbrated with the antenna
transmiccing pulscd¥ew, This
calfibration included determining the
effects of using different powes levels
at the mixer, che accuracy of the
racelver {n making the amplitude and
phase measurements, and the effective
dynami{c range of <the receiver.
Comparisons were made wvith calibration
results obtained for the antenna
transmitting cw and for rche antenna
receiving cw. The parsmeters compared
fnclude gafin, sidelobe and cross
polarlzation levels. The mDeasurements
are described and some Tresults are
presenced.

RODUC

The National Bureau of Standards (NBS)
has often calibrated antennas which have
been used to evaluate the accuracy of
other measurement ranges including near-
flield Tanges, far-field ranges and
conpact ranges. These antennas are
egpecially important for evaluating the
latter <Tvo ranges where the erxor
analyses are difficult. incomplete ox
both. The antennas under tesC at Cthese
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other ranges wera meagured either
tranamitting cw or receiving cv aps vere
the antennas celibrated act NBS.
Recently there has been a need for
rangas to mesasure elactronically-
steerable array anctennas which ctranamit
only pulsed-cv. The receiving aystems

thus must have the capability ef
measuring pulsed-cv accurately and the
ranges must Dbe able to measure che

antennas’ parameters over a wide range
of steering angles.

NBS has roecently completed rhe
calibration of _an antenna transaitting
pulsed-cvw using {ts planar near-field
range. This antenna will be used to
evaluate both a near-field range and
compact range at octher facilities where
an antenna of similar size and frequency
of operatlon will be calibrated. The
accuxacy of chis «calibracion wvas
evaluated by comparing Che resulcts wvich
those obtained by measuring the same
antenna first transmitting cv and then
receiving cw. The important effects due
to the dynamic range of the recelver
when used in the pulsed-cw mode, due to
scan areas cryuncation, and due to
multiple reflection signals wvere
determined. The purpose of chis paper
is to describe the memsurements, dlscuas
the problems encountered and ths erxror
budgets, and present some results.

IEST BLAN

The power gains and patterns of an X-
band array, approximately 90 cm In
diameter, vere measured on the NBS
indoor range using the planar near-fleld
scanning technique. The antenna vas
aligned by following the nvecessary
procedure osurlinad in rhe notas for tha
planar mear-fleld measurements shoxt
couxrse [1]. firsc the antenna wvas
measured transmirtzing ev (Xmlt cw),
This {3 the most common procedure used
at the NBS near-field facility. Second,
the antenna was measured trxangmictting
pulsed-cv vith a 108 duty cycle (pulsed-
cw 1). The power levela vere unchanged
from cthe f£irst meayurement 3o thac the
mixexr would not be overdriven. Third the
antenna vas measured transaltcing



pulssd-cv but the power level wag
increased by 10 dB s0 that the full
dynamic rsnge of the recelver might be
used (pulsed-cw 2). Finally the antenna
was meaasured recelving cv (Recv cw).

For cthe planar near-field cechnique,
reports that describe this method in
detail are available [1-10]. Briefly,
the method consists of measuring the

coaplex near field (amplitude and phase)
of the test antenna over & plane area
with a probe ancenna vhoss
characteristica are Kknown. The near
field i3 measured for two orientations
of the probe anteona and then these dats
are processed by computer to obtaim the

main and cross liunear polarization
components of the far field for the test
snteunna, This ©processing includes

correcting for the effects of the probe.
Far-field gaim 1s then calculated and
pstterns generated. For this
measurament, the probe antenna was an X-
bvand open-ended vaveguide probe that had

previously been calibraced on the NBS
patcern range.

The near-£f4ealad measurcaonts were
conducted at twvo soparation distances
betvween the probe and test antenna to
eveluate ascan truncation effects. The

first discance chonan was 30 cm ar abaut

10 wvavelengths and wvas based on
multipath tescing. Both ctruncation
effecrts and mulctipath vcests are

diascussed in (1). The second disrance
vas 12 em or about & wavelengths and wvas
chosen to detormine if accurate resulcs
could be obtained ar a closer dlstance
using & smaller measurement area.

b
Tvo messurocment areas, noﬂinally 140 cm
by 140 cm and 180 cm by 180

cCm were
used. These resulted In near-field
BReasuresment arvays of 1lllxlll and

1432143 rospectively since the sampling
interval was 1.27 ca. This 1{nterval is

less than one-half wvavelength as
required by the sampling theorem {1]).
Boch theory (7] and empirical results
[{8] bave shown that for diracrive

antennas, the primatry effect of reducing
the measutrement arsa is to restrict the
angular reglon where the results arve
valia. For a scan length L, antenna
diameter D, and separation distance 4,
the resulcs are valid for angles

A < Ac = tan"l[(L - D)/2d]. (1)

BESULTS

Although the primary results desired are
direct pacttarn comparisons for the
measuramants deacribed above along with
comparigsons to vrasults obtained at
another smaller near-field facility. on-
axis gain results are indicative of
pattern agreements. Thege rasults arte
supnerized in tables 1-4 along with tha
angles of validity of cthe far-field
paccerns. The uncertainties for the
géln weasurements are a Qquadrature sum
(RSS) of each 'of the error components
listed in ctable 5. Each component 1is

either a worst-case or 3-sigma value,
and (s agzcsumed to bae Indepandant af
other errors. The differences in the
galn uncertaincies 1in cables 1-4 wers
calculated ag shown in table 5. For che
pulsed-cw 2 case, an amplifier was

utilized to obtain the addicional 10 dB
power needed to use the full dynamic
range of the recelver. In the course of
our data raduction, 1t wags detexmined
that cthe amplifier was non-linear. That
ig, 1ts gain vas dependent on its input

pover. This amplifier non-linearicy
also affected —cthe accuracy of the
recelver non-linearity wmeasurement. In

the future these two uncertaintiesgs will
be reduced,

Table 1. Measured antenna gain et 9.7 GHz. Input array size
18 111x11l. A, =~ 62 deg.
AUT/probe Oﬁ-axig
Condition separation Gain
(em) (dB)

Kait cw 12 36.56 = 0,21
Xmit pulsed-cw 1 12 36.54 % 0.21
Xaitc pulsed-cw 2 12 36.79 * 0.39
Recv cw 12 36.75 % 0.21 —
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Table 2. Measured antenna gain at 9.7 GHz.
1s 111x111. A, = 38 deg.

Input atray size

AUT/probe On-axis
Condition separation Galn
(cm) (dB)
Xoit cv a0 36.56 + 0.21
Xmit pulsed-cw ) 30 36.54 ¥ 0.21
Xmic pulsad-cw 2 30 36.60 + 0.39
Recv eV 30 36.57 £ 0.21

Table 3. Measured antenna gain at 9.7 GHz.

is 163x143. A. = 76 deg.

Input arrxay size

AUT/probe On-axin
Condition separation Galn
(cm) (438)
Xmic cw 12 36.57 .+ 0.21
Xmit pulsed-cw 1 12 36.53 £ 0.21
Xaic pulasd-cw 2 12 36.92 + 0.39
Recv cw 12 36.75 £ 0.21
Table 4. Measured antenna gain at 9.7 GHz. Input arvray size

1s 143x143. Ao = 56 deg.

AUT/probe On-ax1is
Condition separation Gain
(em) (dB)
Xmic cw 30 36.67 £ 0.21
Xmic pulsed-cvw 1 30 36.70 £ 0.21
Xmic pulsed-cw 2 30 36.76 £ 0.39
Recv cw 30 36.61 ¥ 0.21
o
Table 5. Uncertainties in gain measuremencs.

Source of error

Resultant error

___Typs ev, pulsed-cw 1 pulsed-c

Systamaric
Receiver non-linsarity 0.06 0.15
Probe gain uncertainty 0.15 0.15
Normalization amplitude 0.10 0.10
Multiple reflections 0.07 0.07
Mismatch error <0.01 <0.01
Antenna alignment 0.02 0.02
Flange srrors 0.02 0.02
Position erxors <0.01 <0.01
Area truncation <0.01 <0.01
Amplifier errors 0.30

Random
Normalization awmplitude 0.06 0.06
Rslarive amplitudes and phanes <0.901 <0,01

$0.21 £0.39

13-23



The maximum adifferences In the
valuss for cables l-4 axe 0.23,
0.35, and 0.15 dB respectively.
mentlonned earlier the
separation discance between the probe
and the santenna based on wmultipath
tescing 13 30 cm. For this reason the
galns in rables 2 and 4 have the saasller
saxiaum differences. Also by comparxing
tables 1 and 3, we see that the maximunm
differeonce In the gain values a2 a
function of ctruncatlen is 0.13 4B for
the pulsed-cw 2 condition. Therefore by
conaldering all cthe measurements, ve see
thact multipath effects result in a
greater differencs in the galin values
than truncation effects, Vich
differxences of these magnitudes, we
vould expect the sntenna patterns in the
main beam region for the main component

to agree quite closely. This will be
ahown below.

galn
0.06,
As
optimun

The far-field prebe-corrected patterns
of the antenna are shown in figures 1-9.
The abscissas of each graph are
normalized k-space values. Typical main
component results are given in figures
la and 1b where the E- and H-plane far-
field pacterns regpectively are compared
for different conditions. Thias figure
shows the excellenc pactern agreement
alluded CTo earller. Resulrs for the
cross component are given in figure 2.
The small effects of scan avea
truancation for the main and cross
components cam be seen in flgures 3 ana
4 respactively, Comparisens of the
antenna patterns shown in figure 3§,
calculaced from data taken at the cwvo
different d distances, indicate that
chere are some small diff¥rences in the
aidelobe levels of the main component
and in the 1levels of —the cross
componant. Results shovwn in fligure 6
suggests thact thege differences are due
to multiple refleccions.

For the pulsed-cw measurements (10% dury

cycle), the £full dynamic range of the
rTeceliver can be ugsed to obtain more
accuracte main and cross component
results. This was accomplished by

increasing the pover level by 10 4B to
overdrive che mixer and then correcting
for cthe resulting non-linearity inm the

receiving syscem vTesponse by its
calibratfion wsing a precision rotary
vane attenuator. The effects of chis

correccion for the cross compenent can
be clearly seen by comparing figures 2
and 7. Specifically,
figure 2 are substantlally
those in figure 7.

less chan

The sffects of scan avea truncation are

in aceoxd with these expectod by
applying eq 1. Fi{gure 3 shows good
agreement for normalized k -values less

the noise floors in
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than 0.88 (A. = 62 deg.) for che cai
where the near-field data were taken 1
the closer distance, d - 12 cm, and A
{9 reauced from 74 to 62 deg. Figure
shows good agreement only for normalize
¥ values less than 0.62 (A — 38 deg.)
for the c¢case where the dara were taken
ar the further disctance, 4 — 30 cm and
Ao 1s reduced from 56 co 38 deg.

Comparisons with patterna measured At
another facllicy for the maln component
of the antenna standard shov an
excellent agreement particularly if we
allow for the small differences expected
from multiple reflection effecta (flgure
9). Cross component data were not taken
by the other facflity, hence comparisons
could not be made.

The on-axls gain rTesults conflrm cthat
good pattern agreements are obtained in
the main-beam 7rTegions for the main
component. Second, the effects of scan
area truncation are Iinm accord with those
expected by theory Third, this antenna

standard can be effectively wused to
evaluate other antenna ranges since
accuracte galn, sidelobe and <cross
polarization levels were obtained.
However, the antennas to be evaluated
should be similar 1in electrical slze,
frequency and operatfion <c©o this
standard, Finally. two problems still
need to be addressed when an antenna

svandard te olactronically-stecrablae.
Truncacion effects need to be evaluated
vhen the

antenna 19 steered ¢to wide
angles, and <che effects of multiple
tefleccions betwveen the probe and cthe

antenna need to be deterwined.
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Figure 1. Comparison of primcipal far-field patterns; (a) E-plane. (b) H-plane;
Main component: antenna transmitcing pulsed-cw 1 (dark line), antenns

exansmlzeing ev (light line); d = 12 em; 111 x 111 inpuc array.
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Figure 2. Comparison of principal far-field patterns; (a) E-plane, (b) H-plane;
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Figure 3. Comparison of principal far-field pattemmas:
Main componenT; antenna transmitling
antenna transmitting cw (light lime). 111 x 111 inpuc srray; d - 12 cm.

Cross component; antenna transmitting pulsed-cw 2 (dark linc). ancenns
tranamiteing e (lighe line); @ = 12 em; 111 % 111 tnpuc array.
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(a) E-plane, (b) H-plane:

147 x 14D input axxTay.
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Flgure 4. Comparison of principal far-field patterns: (a) E-plane, (b) H-plane:
Crogs component; antenna transmicting evw (dark linme). 143 x 143 input arvay.
antenna transmitting cv (light line), 111 x 111 input arvay; 4 - 12 cm.

Pigure S. Comparison of principal farx-field patterns; (a) E-planme, (b) H-plane;
Maln component; antenna transmitting cw (dark line). d -~ 30 cm: anrenns
txansaiceing cv (light line), d = 12 cm; 111 x 11l input array.
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Figure 6.
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Cowparison of principal fav-({leld patterns: (a) E-plane. (b) H-plane;
Main camponent; anionia transmicrting ow (dark llne), 4 = 12 + 1/8 lambda cm;
antenna transmitting cv (light line), d = 12 em: 143 x 143 input array.
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© ~f priacipal far-field patterns: (a) E-plane, (b) H-plane:
CRIEpenent ooantenna transmitting pulsed-ecw |

CladsmiLTIng €W (1t Ly, u » 12 em; LLL x L1l input array.
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Figure B. Comparison of principal far-field patterns;: (a) E-plane, (b) H-planec;
" Main component: antenna transmitting cv (dark line), 143 x 143 ipput array,
antenna -transmitting cw (light line), 111 x 111 input array: d = 30 em.
a8 =TT '_N" T T T ST T 7T T 7
-1a L 4 4 -18
-28 - -0 -
[~ - ~ 18
4 4
L4 -
k 1¥
-
- -8
!
o4 |

Comparison of principal far-field patterns; (a) E-plane, (b) H-plane;
Main component; auteuna receiving cw measured at other facility (dark line),
antenna receiving cw (light lime); d = 12 em; 111 x 111 Limpuc array.
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