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ABSTRACT

Netherlands'
Wideband du
the dielect¡ic
mjn_iature waveguide antennas is part of a hybrid re
Multiparh fading reduction with this reflector anten
experilnent along a terrestrial radiolink.
The microstrip antcnna resea¡ch is focused on design and optimization aspects of an active phased array for anairbornc c-band SAR with respect to cross-polar, bandwidth and calibration requirements.
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I. INTRODUCTION

In thc Netherlands the foilowing institures a¡e activc in antenna research:o Christi:urn Huygcns Lahlratory (CHL)
o Hollrndse Signurl Apparatcn (HSA)
o PTT Rcsea¡ch Dr. Ncher L¡borarories (DM_)¡ TNO Physics and Elecnonics Laboratory (FEL)o Eindhoven University of Technology (EU.f)o Delfr Universiry of Technology (D[II)

This paper gives an overview o[ antenna involvemenrs of Delft university with the mentioned ,,non-university,,
institutes' cooperations wirh HSA and DNL exist on miniature waveguide antennas (section 2); with cHL¡nlarization cha¡acteris.tics of microstrip antennas are discussed and with FEL a partnership exists in thesocallcd PHARUS project (secrion 3).

During this workshop ET presents a paper by A.B. smolders which is enrirled ',Efhcient analysis of smallantennas embedded in a substrate using a spectral domair moment method,,.

2. MINIATURE WAVEGUIDE ANTENNAS

approach which has proven
cross_polar cha¡acteristics.
wavelength Ào.

' 
ffJ,t#ìïce 

prediction of selected coÍrx-waveguide transirions and of open ended waveguides filted wirh

o polarization-dependent reflection and transmission structures in the waveguideso impedance matching at the open end of the waveguide by using an airgap
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o simplified models for the radiæion characteristics based on line sor¡rces.
In the following paragraphs some highlights on miniature waveguide antennas and their applications are given.

2.1 S-band radiators for polarimetric radar

dual polarized 3.315

;'Jiffixt;L;::
perform rhe carculations or rhe *jtÍl",1'li,,Hïìr:

dielect¡ic rod outside the waveguide.
The prototype feed has the following measured cha¡acteristics
o center frequency 3.315 GHz
o dual polarization
. cross section dimensions 34.Zmmx34.2km (0.4 ¡,^ x 0.4 À-)o extension up to 50 mm maximum increase of 5 dB ii gain 

v
o VSWR < l.l over 540 MIIz bandwidth
o mutual coupling between the polarization probes _ 50 dB.

The E-plane pattcrn is affected by the thickness of the waveguide walls and the minimization of thc walls at the
end of the waveguide are under investigation. A final oesign wiil be rcady in 1993.

2.2 X-band radiarors

For the X-band solid state FM-CW weather surveillance radar Solidar at D€lft University a cluster of 4
miniature waveguide feeds have been designed. The relative dielect¡ic constant was increased to 5 instead of
2.55 as applied in the S-band radiators. lVideband matching (VSWR < 1.5) over I GHz bandwidth was obr,ained
for both polarizations.

9 mm x 9 mm (0. to obtain a
in the apcrture of interest for
atterometer to do
llite). @uroPean

3' ANGLE DMRSITY USING HYBRID REFLECTOR ANTENNAS (D. Beaufort, L. van der Hock)

In the COST 213 project the major Netherlands contribution consisred of the design and application of 4 GHz
squarg miniature waveguide radiators. A cluster of 5 radiators were used in a focaifeea parauotic reflector. An
experiment was set up in order to verify the anglediversity improvement capabilities of this hybrid reflector
antenna on a tenestrial radiolink by biasing these beams in elevation.
The angle diversity experiment is reported here.

3.1 The angle divenity experiment

In July 1988, a field test started to evaluate performance improvement obøined by limited beam swiæhing on adigital microwave link. The experiment comprise<l the measurement of both propagation and transmission
related parameters. In Lopik, a 140 Mbils Pseudo Random Bit Sequence was modulated and transmitæd toLoon op Zand, where the signal was received by the Hybrid Refleôtor Antenna described above. The basic
t¡ansmission and system parameters a¡e listed in table l.
The length of the radio hop Lopik - Loon op zandis 44.6 km. At both ends the antennas are installed on radio

e sea level. The path profile is given in figure l.
tly flat grassland, with a few rivers crossing it. From the path characteristics and the
a coastal region) it is concluded that both surface reflections and surface ducts may
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channcl center frcqucncy
channel width
polarization
modulation
system capacity
nominal input level center feed
input level for BER = l0-3

Table l: sysrem and transmission parameters of the angle diversiry experiment

-1 u +ó +ð +12 +1ó +2O +24 [kmj

Figure l: Path profìte of the experimentøl hop Lopik - Loon op Zand

3.2 Theoretical performance evaluation

In an e¿ulier for angle diversity was
presenled, wimprovcmcnr n'i.no#tl,,iiå: üï:
exceeds l0-3)
According to between the center beam
and one diversity beam of the Hybrid Reflector Array. Since the angles-of-a¡rival are supposed to besy f-Sight (LOS), the improvement factor would nor depe;d on whichof improvement factor would mainly be limited by the following two
ch

' the srong signal attenuaúon for angles-of-anival at or neår the main feed boresight (which is aimed at
Los), which relatively often leads to signal levels below system threshold;o the symmetry of the main lobe and fi¡st side lobe of the diversity feed for angles-of-arrival at or near LOS.
which reduces the discrimination of multiple rays by this feed

Using the PPM, a theoretical optimum was determined for the diversity feed pattern, which could be obtained
from the given patterns by:
o supplying -20 dB (l v) or the incident power on the main feed to the signal received by the diversity feed,

and:
o pointing downwa¡ds the entire reflector by 0.35 degrees.
Tltis will lead to an increased incident signal level on thi diversity fecd. On rhe other ha¡ld, tlre slope of the

3810 MHz
40 MHz
horizontal
16 QAM
140 Mbils
-37.6 dBm
-76.9 dBm
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diversity feed pattern a¡ound the LOS decreases, so that reduction of selective fading would be somewhat less
effective Out, according to the model, still sufficient).

3.3 The experimental set-up

The experimental set-up of the angle divenity held test is shown in lìgure 2. Equipment was connected to each
of the three feeds. In the following, the equipment connected to the center feed will be mentioned "the main
channel"; similarly, there is an "upper feed channeln and a "lower feed channel".
Since the main beam is aimed at the Line-of-Sight, the main channel represents an unprotected radio relay
system. Performance improvement by angle diversity should therefore be relæed to the performance of this
channel.
The main channel is basically a commercial receiver / demodulator. However, after down-conversion of the
frequency from RF (3810 MHz) to IF (140 MHz), one half of rhe signal power is split off to determine rhe
amplitude spectrum: with narrow band (5 MHz) filærs the signal level is measured at 7 frequencies within the
radio channel. The other half of the IF-signal is fed into the demodulator which is ended by an enor counter for
BER-performance eval uat ion.
The following main channel pafiìmeters are measured:
o the Bit Enor Ratio during the past second;
o the amplitude spectrum (7 values per sample; sampling rate 5 Hz);
. the AGC-voltage (sampling rate 5 Hz).

For the experiment only two demodulating receivers were available. It was decided to connect the second
receiver to the lorver feed (the main lobe of which is aiming at elevation angles above the LOS, duc to the
reflector!), because some greater variety in fades and fading types was exp€cted, Hence, the lower fced channel
is almost simila¡ to the main channel, except for the amplitude spectrum measurement: equipment for this
measurement was added to the lower channel after one year. Until then, a 3 dB attenuator was inserted between
the receiver and demodulator in order to obtain a Flat Fade lvlargin equal to the main channel FFM.
The following lower feed channel parameters are measured:
o the Bit Enor Ratio:
o since June 1989: the amplitude spectrum (sampling rate 5 Hz);
. the AGC-voløge (l Hz; since June 1989: 5 Hz).

On the upper feed (conesponding to the lou,er beun), only the incident power within the radio channel
bandwidth w¿ts rccordcd. Thc lowest dctcctable lcvcl was -76 dBm, which is about I dB abovc systcm
thrcshold.

SCR = Sc¡¡nbtrr
DSC = D..crrobt¡t
CCO = Codr Convrrtor
ñOD = Hodutrtor
UPC = Up Convrrto¡
RFA = RF Ailpllflcr
BPF = $¡¡6p¡¡¡ fllter
0€T = Octrctor
ONC = Dotn Conv¡rtor

lSll,oo*re

DIV = P6y¡¡ 9¡y¡¿"¡
IFA = IF A¡ptlfl.i
ERC = E¡¡or Counte¡
oEll = Oe¡oû¡t¡to¡
HRA = Hybrld R.fl,.ctor Antrnn!
0Tl = Ort:ctor ¡ntarfccr
ïES = Tc¡prr¡ùurt S¡n¡or
lEl = J¿¡p¡¡¡turc Intrrlccr

Figure 2: The experimental set-up of the angte diversity experiment
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l3.4 Results of the original set-uP

a.s conducted using the ¿uìtcnna confìguration and thc

the main channel was in outagc during 1042 scconds.

me to 105 seconds. Hence, the measu¡ed outage titne

the predicæd value of 24.

It showed that simultaneous outage of the main and lower channel occurred only when the lower feed signal

level was below threshold. In othei words: during outage of the main channel the lower feed always sufficiently

eliminates dispersion and hence simultaneous õuhge only occurs if the lower channel flat fade margin is

exceeded. Asiuming that this fact also holds for the upper feed, the outåge time reduction by switching between

the center anA uppeifeø can be estimated from the incident power at the upper feed. During outage of the main

channel, the uppei feed incident power was below detection th¡eshold for 3.77o of the time (the threshold of the

detector was ãbout I dB above system threshold). Hence, the estimated outage time reduction factor by

switching between main feed and upper feed amounts to at least 27.

selecúng each second the best out of rhree re,eds adds little to the obuained improvement: the estimated

improveient factor for this case is equal o 32. Since this type of switching requires a much more complicated

switcning algorithm, it must be concluded that a th¡ee-beam system is not useful for practical purposes.

3.5 Adaptation of the antenna pattems

According to the performance Prediction Model, higher improvement should be obtainable when the entire

antenna was turned down by about 0.35o and when -20 dB from the main feed signal was added to the diversity

feed signal.
Howev-er, changing the cleyation angle of the antenna is undesirable, þcause then the main channel would no

longer represent an unprotecæd radio relay link. Hence, it was decided to only supply some of the main feed

¡^rJ., to ìn. lower channel. For this purpose a power ó lmbiner as shown in figure 3 was used.

To Moin Receiver

To Dlversity Receiver

Figure 3: Fixed power combiner to adapt the lower feed co-polar pøtlern

After installation of this combiner, the co-polar patterns of both the main feed and the lower feed were

measured on the radio hop. The results can be found in figure 4: surprisingly, the Frrst side lobe of the lower

feed pattern had disappeared. Later it was found that the antenna measurements were probably disturbed by

sEong surface reflections on the path.

Since the ppM still predicted a very high improvement factor for the antenna patterns in figure 4 (about 67)' it

was decided to continue the field test with the new antenna patterns.

Llne etretcher
for phcse
cdluetnent

')Aq
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Figure 4: Measured co'polar potterns of the moin feed and lower feed beþre and after installation of the
fixed power combiner

3.6 Resuls wirh the rnodifìed diversity beam

The new from S The result tumed out to bcdramatic: from 74 of 1.5.
Since the on was lobe of the diversity feed, rheconclusion may be drawn that this side lobe was respo obøined during the fint partof the experiment.
An importan s that on the test hop, during multipath fading most of the signalcomponents 

-below 
the Lineof-Sight. Tñis also explains îny m upper feed(which is the fading more effectivel!.

3.7 Conclusions

obtained. To optimize the improvement, the radio hop
menral hop Lopik - Loon op Zand, surface ducts anã
leading to angles-of-arrival predominantly below the
lower beam) reduces fading most effectively.

The Hybrid Reflector Array discussed in this paper can be mounted in whichallows for a rather easy implementation or angd diversity in the existin don ofangle diversity is however harnpered by the rack of reliabíe performance srongneed exists to develop such a method on very short terms.

3.4.6.



4. MICROSTRIPANTENNAS

In the Netherlands an airborne c-band sAR is under development under the project name pHARUS which is anacronym for Pllased AR'ray universal sa¡. It will be á multi-function 
-raãa¡ 

wirt¡ the capability of fullpolarimetric remote sensing measurements (Ref. l). PHARUS is a joined project of TNo physics andElectronics Laboratory, the Laboratory for Telecommunication and Remote Sensing Technology of DelftUniversity and the National Aerospace t-aUoratory Nt R.
The antenna system will consist ol an a.tay of microstrip antenna eleme ts. Some major aspects in the antennasystem design are elucidated

4.1 PHARUS anrenna fundamenhls (M.H.A. paquay)

At thc moment' one of the dominant projects in antenna research at TNo physics and Electronics L,aboratory isa microstrip antenna array for an airbornõ c-band synthetic Aperture Ra ar (SAR).
The active antenna will have a modular set-up. Thó microstrip radiator is inægrated with the Transmit/Receive(TiR) module' This module conlains a solid state Power Amplifier tzl w peatl, t*o Low Nåìse Amplifìers, rwovector modulators' some switches and conrol logi'c. In nË transÀit mode, a switch selects the horizontal orvertical polarization but the module receives botñ polarizations simultaneously. The idea bohind the modula¡set-up is that each modure can be repraced by a spare one, just by removing 4 screws.

The main design parameters for the antenna are a -l dB gain bandwidth of 100 MHz (2vo)and dual linea¡polarizations with a maximum cros.s-polarization level of lzl ¿g.This last requirement turned out to be themost diffìcult one to rearize. Microstrip patch antennas in generar do not navecompared þ, for exampre, waveguides. But, on the ottrer hand, th , haveconhgurations. The resea¡ch gtarted in cooperation with the Delft un rrsity.Line Mo<iel (Refs' 2' 3)) was implemented and several experiments were done with some basic configuraúons.For a single polarizcd patch with I probe, it turned out thaì the best cross-polar level was reached with the feedat the edge of the path' unfortunateiy, the mafching isvorse ut mir pornt. w. tried also uJance¿ feeds; rhar is,
n the opposite sides and with opposite phases. For dual porarizarion this
networks and the.marching problem is even more difhcuù than the single

es were not even that fantastic as the literatu¡e indicated. More and lnõre

porarizariondisrurbedrhe'erds"r.nii:ï1if,fffi;ÏJÏîHiïîf;t#ïil;"I,1ït'"1:.',:;;n j'å'#
simultaneously' For one polarization the feeds are fed in phase, ror ttre other polarization they a¡e fed withopposite phases' The co-polar fields a¡e now in the diagonal planes of the parch. cavity model analysis showsthat the co¡nbinations TMxytTMyx-modes have better arorr-potar characteristics than single modes.

Remaining problem was the rnatching. Quarter wavelength lines on the subskate worked well, but the radiationof these lines distu¡bed the cross-polarizæion. For mechãnical slability reasons we use a Duroid subst¡ate on a 6mm thick aluminium ground plane. The solution to our matching proúl.r was to use the coax feed-line throughthis aluminium Írs quafer wavelength transformer. First we nave ¿on rn experiment with airline coax with verygood results' the best until now. For stability reasons we use now a I m co¿ìx line. That does not transformdirectly to 50 Ohm but thar is a minor problóm.

Finally the feed network' A rat¡ace is almost ideal for this application. It has a sum and difference port and theselnput ports a¡e mufual isolated. Also the output ports to the antenna are mutual isolated. So the feed networkdoes not gi
impedances ns' Besides that it is possible to have different in- and output

Ohm of the rate the final matching from the 100 Ohm coax lines ro the 50

trrh port to rhe rarrace which has a cerrain .""ri:fl;ir".'ÏlH,*i:iitrl;itiÏÏå,*î:'j iJ#Hî:ports' In the itor the output of the powér Amplifrer, in the receive mode we are ableto inject a Low Noise Amplifiers. rtg. s gives a schematic overview of theT/R-module nsEuction-of ttre cali¡rarionþ., i. slightly different as shown in rhehgure). This remenrs of pHARUS (Ref. ¿)]

?¿1



T/R
module

Figure 5z schematic overview of the TrR-nndure prus pøtch antenna

De velopment of microstrip antennas cannot do without theoretical models but thcre is also a lot of expcrimentalexperience needed to get a practical acceptable design. Probably ttrai ¿u¿ cha¡acter will sny with this kind otantenfvN.

4.2 Phased ¿uray anrenna calibration Íìspects (M. Tian)

The far field pattern E(0, 9)of the planar antenna anay including the T¡R module errors is

E(0,ø) = \epf ø,

with

M¡

F ¡ = DC ̂ ,ë@n,t"y 
-ì E ni(e, O)

m=l

= the amplitude and phase of the tth T/R module respectively,
= the array function,
= number of elements fed by the tth T/R module,
= complex excitation coefficient of the mth element fed by the ,th r/R module,
= coordinates of the mth element fed by the ,th T/R moduL,
- ksin0cosQ,

- ksinOsinQ,

= 2ttl?', o the wavenum ber,
= gain pattern of the individual element.

Èl
(l)

where

A, and p,

Fi
Mi
cm,i

xm,i,Ym,i

u

k
E,n,i(0,0)
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First' lct us consider an example of where the array size equals 32xl6.The subanay size, each of which is f'ertby one T/R module, is 2x2' when a single T/R module 
^tras 

amptituoe (in percentage) or phase (in degree)disturbancc, the gain degradation (in dB) ii shown in Fig. 6.
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Amp. error in % or phcse error in deEree

Figure 6: Pauern degratlarion vs. amp. and phose disrurbønce of a singre subarroy

The f¿u field power can bc expressed as
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P(e,A) = E2 =ff,n,tarfù¡i
Èl ¡=l

whcre * denotes the complex conjugate.

The statistical computation has been performed in terms of variance of p as

&rp> = rB-P
where the overhead bar denotes the expected value. Fig. 7 shows the unifonn and Gaussian probabilisticdistributions based on the same example as Fig. 6.

----l t 

"a-

r¡rP.
r_J

\ r-

phræ

--.uniformdi¡.
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Gan¡¡irn di¡.

I Amp. a?lol in I or phorc crror ín dcgrcc
Figure 7: Probability estimate of pattern degradation vs. TIR random excitation error

One of the conclusions from above results is that, there n andelement errors or T/R module failures, i.e. linea¡ vs.
presenf results have been verified by successive res ' The

calculation results for beamwidth and sidelobe as well ' The

l¿(ì



4.3 Microsrip antenna with low cross-polarization

The potarization characærisúcs are of major importance for the performance and the design of microsuip patch

antcnnas (MPA).

A compensation method has been proposed and in
cross-polar characteristics. This technique, which is

follows: The MPA is edge-fed at point P, as show
perpendicular to the co-polar component Pr. The seco

that the co-polar component of P, and the cross-
anti-phase. An overall reduction of cross-polarization may now be obøined.

Figure 8: Experiment set-up for cross-polar compensalion

Based on the transmission model. in combination with the concepts of equivalent slots and of apcrture antennas'

the radiated field of the compensaúon probe is computed. ftè calculation indicates that, the compensation

coefficient d is a function of the scanning angle. It was verified that, for a given d, the cross-polar can be

reduced to an absolute minimum at specihc aigles only. Fig. 9 shows the eftect of optimization for three d

values over the required scan angles.
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Figure 9: Cross-polar level with variable compensote values

This optimization tactics has been demonst¡ated in measuremen

matching networks have been developed to achieve a wider band

The power divider consists of circulators and line stretchers tro obta

feeding components at P, and Pr.

The problems such as difference in E- and H-plane
encountered during the experiment were also t¿ckled.
to thc rnain probc is ex¡rcrimentally chosen to be -24 d
crtlss-¡xlliulnciLsUrcmen(satthccentcrfrequencyo<.
shown because ülc worse cross-¡nlarization occurs there. 't 
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5.294 GHz

60 MHz (VSWR < _ll dB)
-4lo - +4lo (3 dB co_potar)
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Table 2: specificarions of the microsrrip anrcnn(r with cross-porar compensailon
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