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Wide-Band Multiport Antenna Characterization
by Polarimetric RCS Measurements

Werner WiesbeckFellow, IEEE and Eberhardt HeidrichSenior Member, IEEE

Abstract—A theoretical description of the scattering of mul- ports
tiport antennas is derived in accordance with the polarimetric
radar target characterization. For two-port antennas with dual
linear orthogonal polarization, a procedure for the determination
of the antenna mode scattering parameters and the structural gcattered wave
scattering parameters of the complete polarimetric antenna scat- ~
tering matrix [S]is given. A measurement setup and experimental 3
results of wide-band polarimetric radar cross section (RCS) "
antenna measurements are presented. For two-port antennas, in
total, 24 unknowns have to be determined. The load variation
method is used. The polarimetric RCS antenna measurement
is especially advantageous over a wide bandwidth; for example
2-40 GHz with only one single calibration. From the antenna S. T
scattering matrix [S], the antenna parameters like polarimetric S SLi

gain, optimum gain, gain bandwidth, wave admittance, structural pgig 1 |ncident wave, structural scattering, and reradiation from load reflec-
scattering, etc., are derived. Results are shown for an X-band tjon of a multiport antenna.

horn antenna and a 2-18-GHz dual linearly polarized horn.
The measurement technique and evaluation gives the most com-

plete and very accurate information about antenna radiation, Both are frequency and polarization dependent and both inter-
antenna characteristics, and scattering obtainable with one single 5.t with each other. As these processes involve all antenna

measurement setup. Some quantities determined here, like the h teristics that f int t it should b ible t
maximum available gain and the polarization characteristics, are charactenstics that are of interest, 1t shou € possibie to

difficult to access with standard transmission measurements. No determine them from RCS measurements.

cable from the antenna to the receiver is necessary. This helps An approach has been presented in [7] and [8] in which

avoid some difficulties usually experienced at low signal levels. the single-port antenna is treated as a loaded polarimetric

Index Terms—Antennas, antenna measurements, polarimetry. Scatterer. The typical characteristics of an antenna as a radar

target have been dealt with in [9]. All interactions of incident,

scattered, absorbed, and reradiated waves are incorporated

in a polarization-dependent network model. The model pa-
VERAL approaches have been made to determine aameters can be related to the conventionally used antenna
enna characteristics by radar cross section (RCS) meharacteristics [10] like gain, polarization, axial ratio, and

surements and the subject has been given continuous intepadarization decoupling. It has also been shown that both input

since its first introduction by King in 1947 [1]. Severaimpedance and structural scattering can be obtained with one

authors [2]-[5] have pointed out the advantages of the methsidgle measurement setup.

compared to transmission-type measurements and slight mod¥his paper extends the network description and measure-

ifications to the original sliding short-load techniques havwment procedure to multiport antennas. In practice, antennas

been suggested recently by Lambettal. [6]. The proposed with one or two excitation ports (e.g., two polarizations or

RCS methods were restricted to the determination of tleal-frequency operation) are of special interest. The multiport

antenna gain alternatively to the conventional two-antenrthgory is applied to these antennas. Measurement results are

three-antenna, or gain comparison procedures. Separatiorprefsented for waveguide and planar antennas. Advantages and

structural antenna scattering has always been the most Igeitations of the method are discussed.

vere problem and usually polarization properties as well as

matching conditions on the antenna feed terminals were not

considered properly. _ ll. POLARIMETRIC ANTENNA RCS MATRIX

The _antenna scattgrlng is charac_tenzed by the §trugtura| AND MULTIPORT ANTENNA MODEL
scattering and load mismatch reflections, as shown in Fig. 1.

incident wave

I. INTRODUCTION
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radiation ports excitation ports The antenna scattering matfig”] can be divided into four
submatrices as indicated by the dashed lines in (2). Submatrix
" b [1] describes thestructural antenna scatteringwith the ex-
a4, 2, citation ports terminated in matched loafls , a,, - -ay =
b (_h ) b 0). The submatrices [2] and [3] connect excitation ports
h antenna z;f with radiation ports and describe thteansmit and receive
[Sa] : c2 characteristicsof the antenna. Submatrix [4] contains only
> v : : parameters of the excitation ports with tigput reflection
o N _)QN coefficientsin the main diagonal and the coupling between
< 3 the antenna feed lines described by the other elements. These

coupling parameters take into account all coupling effects, e.g.,
field coupling or feed network coupling. In (2), reciprocity is
not required, i.e.[S"] is not necessarily to bgs"]".

If the excitation ports are terminated with load impedances
orthogonal polarization§ and» as given in Z . corresponding to load reflection coefficients;

Fig. 2. Antenna as & + 2-port network: two dual-orthogonal radiation
ports; N excitation ports.

0] = [Qgg an:| _ [%5 ﬁén Z, = reference plane (3)

Qm g L, — Ly
3
SETI e §7777:|

Tr, = = =
o 1) L ar; b, Zr; + Zg

only the two radiation portd andv of the network in Fig. 2
In (1), the 5;; are the range-independent object-relate@main. The(V + 2) antenna scattering matrj§”] reduces
scattering coefficients [11]. This definition implies tit, = to the two-port object-relatetbtal scattering matri{S""] as

\/Ze, /m?, wWith m? being square meters. Detailed informatiofCllows:

on polarimetry and antenna polarization aspects is given by [Qh] = [S$™"] [Qh]
Mott et al. in [10] and [12]. o
An antenna can be treated as a generalized scattering object
with one or more excitation ports connected. A convenient [ r r ]
‘|

= gﬂ

way for the description of the interaction between internal = | |5hh =he
and external antenna fields and waves is by power waves Sih Sy
and scattering parameters, known from network theory. For (S (S°]
that purpose, different ports have to be defined for the an- o
tenna (Fig. 2). The port definition is easily applied to the In (4), the total scattering matrifs™"] is the sum of two
N excitation ports of the antenna where transmission lingguare matrices, theansfer matrix[S™], and thestructural
with well definable reference planes exist. The radiation frofgattering matrix[S*]. The transfer matriXS™] contains the
the antenna is decomposed into two ports for orthogorioducts of transmit, receive, and excitation port parameters
polarizations (e.g., horizontal and vertical as used in tt@#d there is no simple, general mathematical representation.
following) according to the matricefr] or [S] in (1). The However, if all coupling terms between the waveguide ports
use of dual-linear orthogonal polarizations is no restrictiod/e neglecteds;; = 0 for all i # j), only the elements in
as any other polarization basis can be chosen by linear bdbig main diagonal remain in submatrix [4]. For this case, the
transformation [12]. This multiport description contains aliransfer matrix is given as a sum &f single transfer matrices
interactions between the incident, scattered, reradiated, &%
absorbed fields of the antenna. N

For an antenna witlh’ excitation ports, aiiN +2) antenna [S"]1= 18"y,  forS;; =0,i#j (5)
scattering matrix results [according to (2)] with the incident =1
power wave vectofa] and the output power wave vectdf  with

ﬁ;h g;w :| |:Qh :| . (4)

3 3
2ouh  Eow @,

m o 2 5 = [ B8]
b, ﬁi;h ﬁ’,;” } S - Spn a, 24 lri PwiLih 2viiv
b Sun Sov } Sy SN @ which means that the antenna consists)ofsingle anten-
g" - |- i ;” nas which do not influence each other’s transmit or receive
- Sy Sy | S Sin - characteristics.
b : : L : : a If all waveguide ports are terminated with matched loads
N Snn - Ony | Syt o S N (r;, = 0fori=1---N); only thestructural scattering matrix
(3] [4] [S°] remains. This matrix contains the scattering coefficients
ap from submatrix [1] of (2) which describe the total structural
a, scattering of all antenna subsystems. The structural scattering
=[5 a | (2) is dealt with in more detail in [9].

The N -port antenna network model above applies to antenna
ay arrays, if each antenna element out /f is regarded as a
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Fig. 3. Signal flow graph for a single-port antenna. radiation plan

. . Fil% 4. Signal flow graph for a dual-port antenna.
port. In most practical cases antennas have only one (sing
polarization) or two (e.g., dual-orthogonal polarization) exci-
tation ports. The scattering matrices of these antennas will beé~or an antenna with two excitation ports, (2) reduces to a

examined in more detail in the following. four-port matrix with 16 complex unknowns. After loading the
two excitation ports withr; ;, andr, ,, respectively, a matrix
B. Antennas with One and Two Excitation Ports [S°"] according to (4) remains. Due to of the coupling between

H H T
For antennas with one excitation port (2) reduces to a threﬂe}? two excitation ports the componentsi§f'] have the form

port-matrix with nine complex unknowns. If the excitation por@'ven in (8)

is terminated with the load reflection coefficient, a reduced 1

total scattering matrixS*'] in (7) remains. From the transfer _27 = ﬁ{ﬁwﬁmfﬂ (1= Soorrs) + Soe S0
matrix, a common product term can be separated that contains —
only feed-line and load characteristics Tl = Snrn) (81655190 5565155,

[th] “TriTro} (8)

with

_ Tra Sy Smy :| + |:§2Lh il}v :|
1- ﬁ] 177 ﬁﬂ 1 §1 h ﬁﬂ 1 §1 v 2yp ﬁﬂ v

S S

N = (1 - ﬁnle)(l - ﬁzszz) - §12§21§n1)£L1£L2}' %)

7 &, n polarization indexes representing the orthogonal po-
(7) larizations h, v indexes 1, 2 representing excitation ports

The mathematical relation given in (7) can be visualizelt
in a three-dimensional signal flow chart, as shown in Fig. 3. If the coupling terms5, , and.S,,, between the two waveg-
As the structure of such a graph is based on physical Sigﬁgﬂes can be neglected compared to the reflection coefficients
paths, it clearly describes the interaction of the antenna with(9), the separation into two separate antenna subsystems [as
an incident field. For example, if a horizontally polarized fiel§hown in (5)] is possible.
with wave amplitudeg, is incident on the antenna, part of For the antenna with two excitation ports the signal flow
the energy will be scattered due to the antenna structugéaph has to be expanded, as shown in Fig. 4. The signal flow
This scattered field can be decomposed into two orthogo@fPh in comparison to the one given in Fig. 3 is extended by
components described by the signal pafljs, (horizontal) @ feed-line plane.
andS;, (diagonal). The antenna accepts energy along the path
S4,- Depending on the load reflection coefficient, and the
antenna input reflection coefficiest,,, the received energy
will be partly absorbed in the load and partly reradiated. Since
any physical antenna possesses only finite polarization purity,The antenna scattering matrfig”] incorporates in its sub-
the reradiation occurs not only in copolarization g, , but matrix [S'"] the transmit/receive behavior of an antenna. This
also in cross polarization vig, . The totally scattered antennaallows the derivation of the characteristic antenna quantities
field is a superposition of structural scattering and antenlige gain, radiation pattern, polarization, or input impedance.
reradiation. In this section, the corresponding relationships are shown.

I1l. DERIVATION OF CHARACTERISTIC ANTENNA
PARAMETERS FROM THEANTENNA SCATTERING MATRIX
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A. Antenna Polarization oy", can also be derived from (1), (6), and (12)

For the determination of the antenna polarization, the an- . |?
tenna will be examined in the transmit mo@e,, a, = 0). The ol =18, 'm” = |1_gLinr|2|§m§w|2m?. (15)
excitation portn is fed with a power wave,, and all other nn=Ln
excitation ports are terminatef@; = 0,i = 1---N,i # n). Note that this derivation is for port while all other ports are
The antenna radiates an electromagnetic wave with powgfminated with matched loads. Assuming antenna reciprocity,
wavesb;, andb, according to the effective areadw,, can be substituted with the gain

G,» and also the receive transfer parametgr, with the
transmit parametes . Additionally, if the same polarization
b, =5,,4,. (10b) s considered for transmit and receive chanriels= ;1 = ()

The ratio of both power waves in (10) results in the complet>r<1e final result for the antenna gain is

by, =Spna, (10a)

polarization ratio?,, o Var |§6n|2 16
b o A/Tn |1 - innrfm,|

_ v _ §7m, _ Jén H H

Po=yr=g"= tan v, e (excitation at port).
by Shn with 7, = 0fori #£n,i=1---N.

(11) With (16) the antenna gain can be determined for arbitrary

This polarization staté®, is defined as the copolarization polarizations and load impedances. A more detailed descrip-
= n *

Any other polarization state can be calculated fréin by tion of the_se rel_a'q(_)nshlps IS given In [16]. . .
basis transformation. Alternatively, the polarization state of a Two gain definitions Of_ s_peual Interest are |_ntr_oduced n
electromagnetic wave can be described by the ellipticity ang{}%f\ followmg_. These deflnltlo_ns are chosen similar to t_he
a,, and the tilt angley,, of the polarization ellipse. Both can ain expressions us_ed for actlye two-po_rt networks. Th_e first
be calculated frony, ands, [12], [13]. The orientation angle gain definition describes thmaximum available antenrgain

¢ describes the rotation of the main axis of the polarizatio'i" at the antenna port for a conjugate maiched load

ellipse in a plane normal to the propagation direction and t Ein = Snn)

ellipticity angle o describes the axial ratio of the orthogonal " Var |§£n|2

polarization vectors. Waves without ellipticityxr = 0) are nCo = /\/—mm (17a)

linearly polarized; waves witlhy = +45° are left- or right- =

hand circularly polarized, respectively. m = EM (17b)
For the determination of further characteristic antenna pa- PO TN m 1 — 18, 2

rameters for pork, the antenna transfer-matrig™] is trans-
formed into a polarization basis matched to the copolarizati(a
o, ¥, , as defined above. This antenna copolarizatign,,
is described by the polarization indéxin the new basis and
the cross polarization by the index The transformed matrix
[S™) has the following form:

These definitions correspond to the IEEE antenna standards
&finition of power gain [14] and are similar to those derived
by Newellet al. [15]. The second gain definition describes for
thetransducer antenna gai@", which results for antenna port
n terminated in a nominal matched loéd,,, = 0)

tr tr t — \/E 2
57 = [_ﬁf S ] (12) nCo = 3 S| (182)
=g =
o o . t VAT (18b)
B. Copolarization and Cross-Polarization Antenna Gain nmCross T\ [m n

The antenna gair- is inherent in the antenna transfer gyamples are given in Section V-A to demonstrate the
parameters. For the derivation 6ffrom the scattering matrix gitterence between these two gain definitions. The ratio of the
description the basic relation between the RE&N G IS ¢qnojarized and cross-polarized gain in (17) or (18) leads to the
evaluated, as it was similarly used by Appel-Hansen [3] forgy|arization decouplingf the antenna. The measurement of
short-circuited antenn@; = —1) and for copolarization only {1 maximum available gain in copolarizati6if’,, and also

o= GAw. (13) _the maximum ava_lilable gain in_ cross-polgrizat@ﬁi‘(;r?ss are
inherently determined over a wide bandwidth with this method.
Aw is the effective antenna area. This simple equation (13)
does not regard the polarization and load mismatch. It can @e Input Reflection Coefficients, Port
extended to (14) to account for an incident wave with arbitrazoupling, and Radiation Pattern

polarizationn and the effective antenna arefly,, for the As already mentioned in Section Il, submatrix [4] contains

port n the parameters of the excitation ports where the elemegnts
1o =o' = GonAwnulri, | (14) of the main diagonal are theput reflection coefficiennd the
Zvp vy vn np|llnl - . . . .
elementsS;; describe theouplingbetween the portsand ;.
The energy received and reflected accordingrfq is If the antenna scattering matrix is determined as a function

reradiated with the gaify’,,, of the antenna inv polarization. of azimuth and/or elevation, all deducible parameters (gain,
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Fig. 5. Wide-band polarimetric RCS instrumentation radar system.

polarization, structural scattering) can be evaluated as a fuig-a copolarization calibration target, usually an extremely
tion of these angles. Thediation patternof the antenna can precisely manufactured metallic sphere [11].
be calculated directly from the transfer parameters in (2) andwith an RCS measurement of the loaded antenna the total

it can also be formulated in terms of antenna gain antenna scattering matrigs™"] in (4) is determined. For
the separation of the nine (antenna with one output port)
G(9, ) or 16 (antenna with two output ports) matrix coefficients at
Cld,p) = m (19)  jeast an equal number of linearly independent measurements

is necessary. These linearly independent measurements are
G(9, ) = gain from (17) or (18). ach_iev_ed with the load variation principle [16]. For one
Up until now, the theoretical formulations of antenna chxcnan_on port, three loads are necessary; for two excitation
characteristics are derived. Most of the necessary scatterf@jtS; it can be shown that an advantageous procedure uses
parameters are only available from full polarimetric RCS me&€vVen measurements of the matik"'] with different load

surement systems such as the one introduced in the followiffgfléction coefficients:;;, r;, to solve (4) for the single
matrix coefficients. Each load (one-port antenna) or load

combination (two-port antenna), respectively, results in the

IV. POLARIMETRIC RCS ANTENNA MEASUREMENT determination of a 2x 2 scattering matrix with a total of
four matrix coefficients.
A. Measurement Setup and Procedure For passive, linear, and isotropic antennas, the following

The measurement of the total scattering mafi$°"] is reciprocity assumptions are made (see Mott [10]):

performed with a wide-band polarimetric instrumentation radar 1) structural scattering’,, = 5,5;

system (see Fig. 5) based on a computer-controlled vecto?) transfer products;;, = Sy;,5;, = Sy

network analyzer (VNwA), as given in [11, Fig. 5]. Together 3) feed-line coupling product,;, = S,;.

with a highly sophisticated error correction and calibration The subscripti holds for the different excitation ports
procedure the system is able to measure the polarizatigh= 1,2). This reduces the number of 16 complex unknowns
dependent absolute calibrated scattering matrix of an objétt(2) to seven complex parameters.

in amplitude and phase. As it is a stepped frequency systemThe load variation for the AUT is realized with remotely
range reflection from areas off the antenna under test (AUT9ntrolled SP3T coaxial switches for each antenna port. On
can be eliminated by range gating. Reflections from ttibe output ports of each switch the three different loads are
antenna positioner are regarded in the calibration. Interaatached (e.g., open, short, and matched load), as shown in
tions between the AUT and the positioner contribute to tHeg. 6. The input reflection coefficients.; andr;, for the
measurement error. For high isolation between transmit asditches in each switch position are measured with a vector
receive channels, a quasi-monostatic antenna configuratiomé$work analyzer over the full frequency range in sufficient
used. The gain of an antenna in copolarization and crossnall frequency increments. These data sets are stored in a
polarization is obtained in dBi without any further referenceoftware lookup table and an interpolation routine is used
antenna because the measurement system is absolutely foalintermediate values if necessary. It is required that the
ibrated in decibel square meter (dBsm). The only referenoapedances of the matched load, open, and short behave well
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Fig. 6. Load variation circuitry with a SP3T switch. 10 fﬂ
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Fig. 8. Ellipticity o« and orientation angles of horn 1 (Fig. 7) (cutoff
A =137 mm frequency 6.67 GHz).
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Fig. 7. X-band pyramidal horn antenna (horn 1). % 5 f/
/ Co-polarization (v)
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and do not cross over the frequency range. Otherwise, there is g
no more a unique solution of the calibration process. 10 |t
For the RCS measurement of a two-port antenna, the two L
switches are connected to the excitation ports of the AUT, 1S P S T N AN SN ; N
. . . T ETHE! - ’ - 4 -~ t
the antenna is positioned on the target mount, 8id'] is -20 vt S S
. . . N . . 1Y)
measured for the different switch positions and polarizations. .25
6 7 8 9 0 1 12 1B 14

From the nine possible load combinations, r;, on the two

X : fe f/GHz ———»
switches, only the following seven are used:

Fig. 9. GainG® of horn 1 (Fig. 7) in copolarization and cross polarization.

matched load — matched load

short — matched load of the characteristic antenna parameters also uses only these
matched load — short combinations. The coefficient most difficult to measure is the

open — matched load feed-line coupling produck,,.S,,, which will be discussed
matched load — open later on in more detail.

open — short B. Measurement Uncertainties

short — open.

The uncertainties of the measurements depend on the
These combinations are advantageously used for gain afdwA accuracy, the calibration levels, the residual systematic
polarization measurements, while combinations “open—opearors after calibration, the dynamic range, and noise. The
and “short—short” are only preferred if there is special interetstpical error of the VNwA is 50 dB off the calibration level
in feed-line coupling. With these combinations, it is possible @pproximately+0.3 dB in amplitude and °3in phase. At
invert the matrix (4) and solve for 15 parameters or parametglibration level the uncertainties are less than 0.07 dB and
products as there are: 0.5>. The uncertainty budget for quantities determined from
1) structural scattering,;, , Sy, , S, : Sy copolarization measurements is close to the uncertainties for
2) transfer products;, S, S;,Sy:s Sin Suis Sy Si; calibration levels, i.e., for the copolarization gaia;, is 0.08
3) input-reflection coefficients,, S,.; dB. For quantities involving cross-polarization measurements,
4) feed-line coupling producs,,S., . i.e., Gorass the error can for a cross-polarization 40-dB below

The subscript: holds for the different excitation portscalibration level run up to 3 dB.

(¢ = 1,2). It should be noted that for the antenna transfer

characteristics as well as for the feed-line coupling only V. EXPERIMENTAL CHARACTERIZATION OF ANTENNAS
products of matrix coefficients can be determined. This is The efficiency and the advantages of the antenna model and
because there is no access to the internal nodes of the signahsurement procedure are demonstrated in the following for
flow graph of Fig. 4. It causes no problems, as the evaluatiande-band horn antennas, having either one or two feed ports.
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Fig. 10. GainG?® of horn 1 (Fig. 7) versus polarization-orientation angleand frequency (dispersive-polarimetric gain signature).

The range length of the measurement in the anechoic chamber 2¢

is for these antennas at 10 GHz approximately’ g\. S AN WA

195 \/ \./ 7 \‘\!' X
19 /N/ "
A. X-Band Pyramidal Horn Antenna 185 [:,“
A standard X-band horn is the first test object for verifi-= f ’

cation. The horn antenna is outlined in Fig. 7, the results irg) 18 /

Figs. 8-12 and 17 are for this horn. During the measurement17.s \ "

it is aligned for vertical copolarization. The total scattered ! ~——— minimum gain G |

field is measured in the frequency range from 6 to 14 GHz 17 LI B transduca gain Gt

with 401 frequency steps. Fig. 8 shows the resulting antenna1e.5
polarization parameters and versus frequency. The horn
radiates an almost ideal linearly polarized wave with a very 166 7 8 9 10 11 12 13 14
low ellipticity of o« < 0.5°. The orientation angle/ is 90° f/GHz ———>
and corresponds to the vertical copolarization of the horﬂg‘ 11. Comparison of the maximum gal#™ and the transducer gaig
Fig. 9 shows the copolarized and cross-polarized g&irof of horn 1 (Fig. 7).

the horn according to (18), respectively. The cutoff frequency
of the X-band waveguide is 6.67 GHz. The weak undulation of

the copolarized gain, usually not identified in measurements,In Fig. 11; the two-gain definitions given n (170[;0?)
results from the interactions of reflected waves. and (18)(G¢,) are compared for the copolarization in an

For each load. the set of measurements described abdtdended scale. Both definitions result in the same gain about
determine the complete 2 2 polarimetric scattering matrix (e center frequency, but differ at the low and high end. This

of the antenna. This allows the transformation to an arbitraf" Pe €asily explained by the input impedance shown in
polarization basis as initially stated. As a result, all thE!9- 12. The antenna is well matched to its feed line near
previously calculated antenna characteristics are available §GHz and also between 9 and 12 GHz wijt | < —20
arbitrary polarization [16]. This feature exceeds most oth€B. The decreasing matching outside this frequency range
antenna measurement techniques. An example is shown/@gults in a decrease of the antenna gain For a perfect

Fig. 10, where the gaiit:* is plotted versus frequency andconjugated matched load, the maximum available g&fncan
polarization. For the single port antenna the shape of the obtained. Fig. 12 also shows the accuracy and performance
polarization dependent gain is evidently closely related @f the measurement procedure and data evaluation. The solid
[sin#|. The information content of this signature is mucline is |S,,| as derived by the far-field RCS measurement,
higher for circularly or arbitrary elliptically polarized antennasthe dashed line shows a direct measurement with a vector
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Fig. 12. Comparison of RCS and VNwa reflection-coefficient measuremerig. 14. Ellipticity « and rotation angle) of the dual-polarized broad-band
horn 2 (from Fig. 13) for ports 1 and 2, respectively.

of horn 1 (Fig. 7).

port2(v) 20 co-pol. gain port 1 (h)
15 e
NM’V\ .......... co-pol. gain port 2 (v)
10
a port 1 (h) 5
. N g 0
front view side view z
Fig. 13. Wide-band dual-polarized horn (2-18 Ghz) (horn 2). ?., -5 ——— cross-pol. gain port 1 (v) I
-10 ; b
. . 15 }n P f \% "o .\f\‘ G \&/
network analyzer. Excellent agreement is achieved between- \{ Ve AL AN : i
both measurements, even down to values less th2b dB. 20 [ H B e i
The discrepancy between RCS and VNwa measurement is o [} 1 Ty cross-pol. gainport2 ()
4 6 8 10 12 14 16

partly due to the fact that the VNwa measurement was not
carried out in an anechoic chamber, but in a laboratory
room, which caused room reflections. Recently, an interestipg. 15, Copolarized and cross-polarized gaifi of the dual-polarized
intercomparison of horn gain was published by Stubenraueiead-band horn 2 (from Fig. 13) for ports 1 and 2, respectively.

[17]. The horn measured in this intercomparison differs from

the one in Fig. 7. As a comparison with the measurementségpolarization is horizontal for port 1, the corresponding cross-

[170]1 Is not rdeao(lj:ly available, a con;]pa(\jri_sonhof the_Rl(i_S nle;hg%lar gain is vertical. For feeding at port 2, the copolarized
and a standard two-antenna method is shown in Fig. 17. in is vertical and the cross-polarized gain is horizontal.

the measurement, both antennas were assumed to be iden  cross polarization is approximately 35 dB below the

No near-field correction was applied. It shows that the error%opolarization, but more than 20 dB above the system’s
are of the same order as in [17].

polarization purity.
Some restrictions have to be made for the determination of
B. Dual-Polarized Broad-Band Horn Antenna the parameter§,, ands, that describe the coupling between
A typical antenna with two excitation ports is shown ithe two excitation ports of the antenna. It turns out that a direct

Fig. 13. This wide-band horn has two separate feed ports fgticulation of the product tern$,,S,, from (8) fails both
two orthogonal linear polarizations. This antenna is analyz8 direct matrix inversion and by using a Gaussian equation
(Figs. 14-16) to verify the two-port equations. In Fig. 1450lver. The reason is that tiveparameter coefficients included
the resulting antenna polarization is depicted. The measufBd8), which describe the cross-polar transfer characteristics,
ellipticity angle is within£2° for both antenna subsystemsre very small. This leads to numerical instabilities. However,
over the entire frequency range from 4 to 16 GHz, whichy assuming antenna reciprocity,, = S,;, 5;, = S,
means that the horn is linearly polarized. When feedinfji» = S»1) (8) can be considerably simplified and thig, S,
port 1, the orientation angle i = 0°, indicating that product term can be extracted from a product that is mainly
the copolarization is horizontal; for feeding at port 2 théfluenced by high-level copolarized transfer coefficients. The
orientation angle is) = 90° and, thus, the radiated waveaverage values of the resulting coupling coefficiefts =
is vertically polarized. Sy, correspond very well to the direct VNwa measurement
Fig. 15 shows the copolarized and cross-polarized g4in as depicted in Fig. 16. The ripple in the VNwa measurement
for the two subsystems of the wide-band horn antenna. As timay result from a long-line effect.

f/GHz ——»
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0 —_— antenna, the AUT, and the receive antenna. For antennas with
narrow beams, this will cause errors in the measured gain since
10 bbbt T RCS-measurement incident and reflected waves do not enter the AUT in boresight
VNwa-measurement direction. However, this problem can be overcome by a truly

monostatic measurement system.
Despite these considerations, the presented measurement
/ technique gives the most complete and accurate information
about antenna radiation, antenna characteristics, and scattering
W obtainable with one single measurement setup only. Some
|

IS12! or ISp1!/dB >
)
S

[/\
4 6 8 10 » 7] 16
f/GHz ——»

guantities determined here, such as the maximum available

gain and the polarization characteristics, are difficult to access
/ with standard antenna transmission measurements, as with the

two- or the three-antenna methods [10], [17]. The procedure
can handle extremely wide bandwidths, i.e., 2—40 GHz, with an
absolute gain calibration like no other measurement setup. No
Fig. 16. Feed-line coupling between ports 1 and 2 of the dual-polarizégference cable from the antenna to the receiver is necessary.
broad-band horn 2 (from Fig. 13). This helps to avoid some difficulties usually experienced with
other measurement procedures.

21
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