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ABSTRACT

A set of near-field measurements has been performed by combining the
methods of non-probe-—corrected spherical near-field scanning and gain standard
substitution. In this paper we describe the technique used and report on the
results obtained for a particular 24 inch 13 GHz paraboloidal dish. We
demonstrate that the gainy comparison measurement used with spherical near-
field scanning gives resﬁlts in excellent agreement with gain comparison used
with compact range measuremeht. Lastly we demonstrate a‘povel utilization of
near—-field scanning which permits a gain comparison measurement with a single

spherical scan.

INTRODUCTION

Conventionally, near—-field scanning gain measurements have been performed
by range insertion 1loss measurements treating the test antenna and probe
antenna pair as a two-port. Particularly for the case of planar near-field
scanning this has been found to be both practical and accurate. More recently

interest has been expressed in making near-field scanning gain measurements by
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substitution -~ i.e., comparison to a standard. This paper describes the
results of a trial with such a comparison procedure and demonstrates the
reliability of the method, by showing that the results are in close agreement

with compact range results.

SIRGLE MODEL FOR FAR-FIELD AND NEAR-FIELD COMPARISON MEASUREMENTS

Disregarding the significant details of polarization and mismatch
correction, one can idealize the usual far-field gain comparison method as a
simple power level comparison between two 1dentically illuminated receiving
antennas - one an antenna of uﬁknown gain (or more properly, effective area)
and the cther a gain standard whose gain is assumed known. It is easiest also

to take the case of pure linear polarization for illustration.

Under plane wave illumination conditions 1let

Gayr = gain of the unknown antenna under test

Ggrp ™= known gain of the standard

PAUTFF = power level measured at the port of the antenna under test

PSTDFF = power level measured at the port of the gain standard antenna

Recall that the result of the measurement is given by the far-field comparison

formula FF
6 - lAuT
AUT P FF "STD*
STD
In logarithmic form this is FF
Paur
10 log GAUT = 10 log GSTD + 10 log ;—n—Fﬁ.
STD
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(This equation can be applied directly only to the case of linear polarization
in which a partial gain measurement of one polarization alone suffices to
characterize the result.) The measurement procedure calls simply for making a
comparison of signal levels PAUTFF and PSTDFF for the test antenna and the
standard.

In making a far-field gain comparison measurement one must always be
satisfied with only an approximation to uniform plane wave illumination. 1In
any actual far-field measurement the wavefront is somewhat spherically curved
due to the finite distance of the source antenna away from the test zone.
This wavefront curvature results in a small amplitude error in the received
signal level. Testing in the near-field region of an antenna means the
amplitude error due to the finite range length is so large that it cannot be
neglected and grouped with other error contributions. In performing a gain
comparison measurement in the near field, one must correct for phase curvature
of the illuminating wavefront with data obtained from scanning.

Thus near—-field gain comparison measurements are similar to far-field
measurements, but with the addition of near-field scanning. In the near field
measurement,' near—field patterns are measured and far-field patterns are
computed for both the AUT and the gain standard. The difference in amplitude
between the near-field pattern and the far-field pattern in the direction of
interest for each antenna is included in the gain calculation formula.

Define a near-field to far-field power ratio, KANTENNA,NFFF for each

antenna as follows:

2 2 FF NF
KanTENNA NFFF = E pp (0500 /E yp(80,00) = Py (80,00)/Pyn (80100)

where
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Epp (80,40) = normalized magnitude of the E~field for the antenna at the
far-field distance' in :the direction of known gain for the
gain standard or in the direction for which the gain is
desired for the AUT, énd

ENF (6g,¢9) = normalized E-field magnitude at the near-field distance in

the same direction.

The gain comparison formula can be rewritten to read

FF NF NF
o o avr  Paur o Pem
avr " ST WF L NF o ¥F Ssm
avr Fstp Fsp
or
» NF
6 -k AUT 1
aur = XAUT,NFFF S NF STD

STD KSTD,NFFF

for the near~field case.

The three terms 1in the near-field gain comparison equation correspond to

the three measurements required. A near-field power 1level comparison

measurement P NF/P NF and two range length correction factors
AUT STD g 24 \ o

PAUTFF/PAUTNF’ PSTDFF/PSTDFF from the near-field scanning and transform

operations. Thus the simplified measurement procedure calls for a comparison
of signal levels PAUTNF, PSTDNF under identical near=field illumination and
for two scanning measurements of the test antenna and gain standard followed
by two near-field to far-field transforms. Note that thg gain comparison

calculation forumla reduce to the far-field formula as the range length

correction factors approach unity.
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This simple gain comparison formula is all that we have used in the non-
probe-corrected spherical near-field gain comparison method reported here. It
does not account for impedance mismatch, polarization correction or probe
pattern illumination correction. Nevertheless it yields respectable results
within its domain of validity - i.e., for well-matched linearly polarized

antennas.

BASIC NEAR-FIELD GAIN COMPARISON TECHNIQUES

A schematic diagram of the spherical near-field range configuration is
shown in Figure 1. The axis configuration used was roll-over—azimuth with the
main beam of the test antenna along the roll axis. The instruments shown are
part of a Sclentific~Atanta Model 2022A Antenna Analyzer.

The standard gain horn was measured using near-field scanning and the
results transformed to the far field. Similarly the antenna under test was
measured and the data transformed. The test antenna was a 24 inch diameter
paraboloidal reflector antenna operated at 13,0 GHz, the standard gain horn
was . a Scientific-Atlanta Model 12~12 pyramidal horn. The near-field to far-
field transform was performed using the standard software package available
with the 2022A analyzer. Care was taken to align the péak of the gain
standard pattern with the peak of the test antenna pattern.

In Figures 2 and 3 we show the results of near~field scanning and the
near-field to far-field transform., Figure 2 shows both principal planes for
the standard gain horn and Figure 3 both principal planes for a 2-foot dish
used throughout as the AUT. Inset in both figures are listings of the data
from which the plots were genefated.

As Figure 2 indicates, the location (angular coordinates) and magnitude

of the near-field and far-field peaks are the same for the standard gain
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B-Plane Rear-Field ws. Far-Field Pattern for Standard Gain

Horn in Polar Mount




AllllllJtl.u Y [ R

\M;IH.,HNH.U w>eﬁmwzli.[.,m-uil.,iﬂ '

| | P
. - t _.h.

1]
[ S
1]
[
i

6-2¢

SCAR PLOT NP2 P
1 ARGLE AKGLE  AMPL. AMPL.  NFFF
| (DEGREES) (DEGREES) (dB)  (4B)  (dB)

5
L

FE———

.;“.

*Normalized to O dB peak wvalue.

Figure 3a. E-Plane Near—Field ws. Far-Field Pattern for AUT in Polar Mount




JuNOR I¥Tog UT LaV 10J UIIIIBg PIOTA-I®i °8a PIITI-I¥oN SURIJ-H °q¢ INBTL

coniea ¥wad gp § O3 PRITIFWIONg

? ot [y
I R

§—n-9-ea-Q-~-9-0-0-§

Bt B i

! !
' | P
S _ll.,.wm.wpzma, Hﬁ._ﬁﬁﬁgn\( S I (it St AU A A S AR AU R

22-10




horn. This data was acquired with a range length of 311.4 em which 1is
about 3D2/A - greater than the usual far-field criterion. Even so, the near-
field and far-field patterns are different. For the standard gain horn as
shown in Figurg 2, KSGH,NFFF = 1,

As shown 1in Figure 3, the far-field peak for the AUT is larger in
magnitude than the near-field level in this direction. For the AUT, KAUT,NFFF
= 7,37 dB = 5,46. Note that in this case the direction of the near-field peak
is the same as that of the far-field peak,

The signal power levels of the ports of the test antenna and the gain
standard were compared as the gain horn was dismounted from the test
positioner and the test antenna put in place.

The near~field signal level comparison measurement 18 {llustrated in
Figure 4. (As 1in the far~field gain comparison measﬁrement, mismatch error
produces the largest uncertalnty in this measurement.) A Scientific-Atlanata
Model 14-5 mixer with a 20 dB matching pad was used as a detector for this
measurement. The measured difference in power level between the terminals of
the AUT and of the gain standard was 2.73 dB or a factor of 1.88., Using the
last equation for the near-fiela gain comparison formula we get G,yp = 2,440 =

33.87 dB. The gain of the standard gain horn was 23.76 dB.

POLAR VERSUS EQUATORIAL MOUNTING

All of the above measurements were made with the AUT and the gain
standard mounted in polar configuration. That is, each antenna was mounted so
that its main beam was centered on the north pole of the measurement sphere.
We performed the measurements described above with the antennas in equatorial
mount also, and some practical simplifications were achieved. Figure 5

illustrates the geometry of polar and equatorial mounting configurations and
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POLAR

MAIN BEAM AT
A POLE

EQUATORIAL
MAIN BEAM ON
THE EQUATOR

Figure 5. Geometry for Polar and Equatorial Mounting Configurations
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Figure 6 illustrates schematically the measurement setup used. Note that the
roll axis of the test positioner resembles the switch axis setup commonly used
for far~field gain comparison measurements.

Figures 7 and 8 show measured near-field and calculated far-field
patterns for both principal planes of each antenna in the mounting .
configuration of Figure 6. From Figure 7 we note that KSTD,NFFF = -1,2]1 dB =
.76 for this mounting configuration. The far-field pattern 1is significantly
different from the near-field pattern for this mounting configuration.

From Figure 8 we get KAUT,NFFF = 8,08 dB = 6.43. fhe measurement of the
power level difference between the two antennas was particularly convenient
for this mounting configuration since both antennas were already mounted. It
was necessary only to rotate the "switch” axis by 180° and move the padded
mixer from the AUT to the standard gain horn. The power at the AUT was .82 dB
a factor of 1.21, greater than the power at the standard gain horn. The
equation for the gain of the AUT in this case ylelds Gyyp = 2,433 = 33,86 dB,

which 1s essentially the same result as for the polar mount case.

GAIN COMPARISON BY NEAR-FIELD SCANNING VERSUS GAIN COMPARISON BY COMPACT RANGE
ILLUMINATION ‘

The compact range approach to antenna measurement has been used before to
verify the goodness of spherical near-field scanning pattern measurements. It
offers an excellent means of plane wave illumination for antenna testing. 1In
order to assess the goodness of our gain comparison measurement, we compared
the spherical near—field wmeasurements to gain comparison wmeasurements
performed on the compact range. | Figure 9 {illustrates the difference in the
compact range and spherical near—field measurement configurations. The

compact range procedure is identical to a far-field measurement. Table I
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(a)

0[]

\

(b)
Figure 9. Compact Range (a) vs. Spherical Near-Field
{(b) Measurement Configurations
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Polar

Mount

Equatorial

Mount

TABLE I

Results of Near-Field and Compact Range Galn Measurements

Compact Range

Spherical Near-Field

33.84 dBis 33.87 dBis
.56 dB .55 dB
33.82 dBi 33.86 dBit
.56 dB S5 an
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_ compares the results of all the measurements made along with calculated RSS
errors. For the error calculation, all errors unique to near-field scanning
(drift during the scan, noise, crosstalk, and receiver non-linearity at low
pattern levels, etc.) were modeled as an equivalent stray signal level in the
calculated far-field patterns. The RSS errors were computed by the method
given in IEEE Standard 149-1979 modified to account for the additional “stray-
signal”. As the table indicates, the measurement was extremely repeatable and

the calculated RSS errors are on the order of .5 dB.

SHARED-SCAN GAIN COMPARISON MEASUREMENTS

In an effort to reduce the lengthy data acquisition and data
transformation times required to perform successive near-field scans we have
devised a novel range configuration which halves the measurement time. It
permits ‘both the test antenna and gain standards to share the same mechanical
scan but with the main beams occupying different coverage regions. The
arrangement used called for mounting both antennas in equatorial configuration
with their main beam peaks located at diametrically opposite positions on the
equator. In orinciple the same approach is possible in polar mounting
orientation but our positionerrwas not convenient for the poiar case. The
ports of the two antenna are coupled together so that the receiver signal is
the sum of the two phasors, and both patterns show up in the data. An
assumption here is that both antennas have negligible backlobes. See Figure
10, This setup makes the AUT and the standard gain horn look 1like one
composite antenna with two main beams. Figures 11 and 12 show near-field vs.
far-field patterns for the two principal planes in this configuration. All

the data was acquired in a single scan. The measured gain of the AUT for this

case was 33,80 dB.

22-22



Junoy [eriolenby vy sevuuajuy pagdnoy

*Q1 2andy4

I3¥nos
TVNDIS
0S1¢

YAZISTHLNAS
199 ¥4

TANNVHD D24V

]

YIXIH

dANOILISOd
A3¥00S

VNNILNV

YAINTEd
18D
@AVOHAIN

dAL0dR0D

40001dH

HIATIIOWE
08L1

// \ﬂ\% —

Y3INOILISOd

SIXV Hmﬂa:l///’l
TI04

1S3L

 ¥OLVANALLV
TIIVIIVA

£

NIOH
NIVD

JIVANVLS

— YIX IR

diL TVNOIS
AT949iAH I.W
NOILVNIWYAL

22-23



ssuusjuy pefdno) I0J UILIIEJ PITi-I8J °8A PIaTi-Ievey oue[d-§ °II InBIi

*enjea yad gp ¢ O3 PIZFIVRION,

oy

I ML O *. oFi _ o w_ B
i

LAl 1971~ o08'9- 6I's- 00706 CTTIE [ e ey s
: T_ 88°6 00°0  $8°6-  00°06- 60°22 ] g
13

@ @ (%) (samow) (sidioad) N . I I A Y
damg Y CLON TNV TIONY NI IR BTN RN
sdd il 0d HVDS il - 1 SETYII IS

{99} WAMO¢ JALVIY
| (9PIyaMOd BAUVIBY | - T

D AN IS ER ST SR EURPYS- BIVED I e

i : ! :

: ! :

S\ - —

: . e . o i . ” ¢

TN SENEN R

R U 2 R NIELIVA QTA1d-4VAN 7 .

I _ NS |0 , 1o - : ! ’

P . bos _ i , i .

THITRNY IR S AN LA B ™ i W n M .
LA LA IR (N RIS o S I ! : *
|'m¥aiiva qrazd-avan”] ¢ w . ! , |

S T e e e - | NALLYE qTEL Ve ]

b R2EARS ST TR

22-24



sguualuy paldno) 103 UIRIIRY PI3TI-IBI °s8a

PI®Td—1wsN SuRId-B

*Z1 *anB8yy

*anisa jy®ad gp (o 03 pazyyEmioNy

—o-

T "jl‘ﬁ."""""

e

S -(aP) YAMC JALYIE

8
|

- 2 -y

——0 -

w
S B
AR ol
BHINR R
I I
|
!
i

_,,

g6 1~
86°6

88°9-
00°0

€€ S~
86°6-

00°06
00°06~

00°06
00°06~

(sp)

1118y

(ep)
*1dRV
zdd

(4pP)

(SaFWo3q)

1AWV dIONY

4N

L01d

(s3EE3EA)
FIONY
HVIS

NOSTI¥VIWOO Q1314 ¥V4/C1214 EVIN

& -
v

‘ { |
Cewevsw waprwd

t

U T~ waiiva qiand

N
(31 T
A
92
23
P IS
o3 —
m“M.
e
L 3
} Sl
.« Wﬂhm
2 i SEes i
’ !
b4 i
]
z
: -
1 3
: i
7 i
: :
i !
4 «
Y —_ i »
SN EREE !
. S B RN
¥ S

umwm.:

22-25



seunajuy pa(dno) pa3Da1lc)-apnifTdmy pazysaylrusg
103 ©wia338d PIOTI-IBI °8A PIITI-IedY IUR[J-F °¢l NS

canjea yead gp § 03 PITF[FWIONy

TToe [ oft oli 1 oot 3 v ; 3 [ “or : o7 TNy g P ey [ G eer T ort. T T
ot ] e BT el s e e T e LR R N
18 RPN _._; SRR U S B m Pt ) [ ) !
§ i | ; ; :
, 19°1- 6%°1I- 88°6- 00706 16° (51~ N T O I R O .
j 88°6 0070  88°6- 00706~ 60°22 : T ¢ ] =
e dit L .
1 (@ (@ (@) (sigwaa) (sImoaa) w A I
Sl gaam, WMWY LAV TIONV TIONV p— e — or-
) PYF sl i0u NVOS _ 8
HOSTEVANCO (1314 ¥Va/T1Eld ¥vau _
N B gy " - N e — - - - E & ll_L“

199  UBMO IAUVIFN ST

l

~ e -8 8 ~ 9--;-Rv-~—-7'-0~-‘—--?.-~m1~0—-.- i;«—q--'.'-

REEARAE 0 “
a1a13-9V4” !
NEZE D ANEEERE T .
| NEALLVA ; i | "
. @13LI-9VIAN v n : _
. | i } i ’ :
SIS SN SN S NS SENSURNS DRSNS N SN SRS S S . P A U U
, g o) e R MELIVA QIHII-¥VI~| | ! , ; _

22-26




seaualuy paTdno) poioaiiop-opnifidey pozysayluis
I03 uialled PIATI-Ivi °8A PIITI-IW3N SUBTJ-H °¥I sand1y

*anjea yead gp (¢ 01 PIZTIPEION,

R L RN B3]

PR S APP.

_,“_-..‘L:.;«.

T .. -
(99) ¥IMOY AUV

!
- 4 [ . . — 38
t
, “

2N @R e -o«i-?—«-i

iage - . 4 3¢

|
|

SS°I- €5°11~ 8676~ 00°06 00706

‘lap) samod AUV f T

P
i

—— b

|

|
H
!
1
j
'

Prosiees "0—'.»—5;”»4—"— -

| .. 86°6  00°0 8676~  00706- 00°06~

: B

| ; @) (@) (@) (sawoan) (Saaeoad)

1 qrara—avan - o NOSTAVIHCO Td1d ¥Vd/TTALL qvil w Vwaniva @ratd-avd g
1 T B —° 3 oo T T R S

VARV RO . e

P e LYZEN TN L wienT cariR

22-27




The variable attenuator shown in Figure 10 was not used for the
measurements of Figures 11 and 12. Had we used it and adjusted its level so
that the near~field levels in the directions of interest were equal for both
antennas, as shown in Figures 13 and 14, the quantity KAUT,NFFF - KSGH,NFFF

would have fallen directly out of the transformed data.

SUMMARY

We have performed gain comparison measurements using spherical near-field
scanning. The measurements were made using standard RF hardware with the
currently available Scientific-Atlanta 2022A Spherical Near-Field Antenna
Analyzer. Measurement errors on the order of .5 dB were estimated, and
measurement of impedance mismatch and accurate gain standard calibration could
reduce these errors significantly. A method for combining the signals at the
terminals of the two antennas involved (thereby effectively making them one
antenna) was developed. This halved the data acquisition time since only one
spherical near-field scan was required. The Scientific-Atlanta 2022A
Spherical Near-Field Antenna Analyzer can be wused with the procedures
described above to make gain comparison measurements at near-field range
lengths, thereby providing the same advantages for gain measurements as it

already provides for pattern measurements.
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