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1 . Phased array antenna provided with a calibration network The

I nvention relates to a phased array antenna conpri sing

—an—aiayof
wavegui de radi ators connected to a supply 5 system and fUHIShSHEDF HAS BEEN

cofiprising a calibration net wor k for calibrating the puppl REPYACEIN
according to t r eanbl e of claim1. A phased arr Hna‘ﬁr+hra
calibration W I's known 10 fromthe European patent sﬁ%? M%n EP-B
0.110. 260. ThIS pat ent specification describes a pul se radar apparatus
conprising a coherent transmtting and receiving unit
1
e ided i on_net

1o

15

20

25

30

35

The invention relates to a phased array antenna comprising
an array of waveguide radiators connected to a supply
gsystem and furthermore comprising a calibration network for
calibrating the supply system.

A phased array antenna of this type is known from the
European patent specification EP-B 0.110.260. This patent
specification describes a pulse radar apparatus comprising
a coherent transmitting and receiving unit incorporating a
transmitter, a transmitting antenna, a number of receiving
antennas connected to coherent receivers which are
suitable for converting, by phase-coherent detection, echo
signals into gquadrature video signals having two
components. The coherent transmitting and receiving unit
additionally incorporates a beam former, the transmitter
being suitable for the transmission of test signals in a
test phase in the course of which the test signals are
injected into the receiver channels. On the basis of the
video signals generated by the receivers, the amplitude and
phase-correcting signals are determined which are
representative of the amplitude and phase errors introduced
by the receivers. The need to provide a calibration or test
network stems from the fact that differences in gain anad
phase of the receivers may constitute an impediment to a
desired side-lobe reduction. The drawback of the prior art
phased array antenna is that the test signal is injected
directly into the receiver channels. As a result, phase and
amplitude errors generated beyond the receiver channels,
for instance in the connection between receiver and
waveguide radiators and in a transformer element generally
comprised in the waveguide radiators, are not included in
the test procedures and, hence, are not compensated for. A
possible solution is to inject the test signal by means of
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incorporating a transmtter, a transmtting antenna, a nunber of
recei ving antennas connected to coherent 15 receivers whi uitable

e dHES BHEBT HAS BEEN

for converting, by phase- coherent detection, echo sig
guadrature vi deo signal s having two conponents. The coper entREPLACED
transmtting and receiving unit additionally incorporaf€

the transnittWPMY suitable for the transni ssion of t est FOHERIMHA s in a
test phase in the course of which the test signals are injected into the
recei ver channels. On the basis of the video signals generated by the
receivers, the anplitude and phase-correcting signals are determ ned

whi ch are representative of the anplitude &and phase errors 25 introduced
by the receivers. The need to provide a calibration or test network

stens fromthe fact that di fferences in.gain and.phase of .th lvers
may const i t ut e 3afiePATLR F8Fd Bnagﬁzgﬁr < ,dé9|SﬁgagéﬂﬁéPFbnggggihe
drawback of the pThés boveysrades Sheagrawhasi&dhas canpensntiion desalspgnal
is injected directbyuifé® #di€ er2oPbVEiused Hi2RA! 8isténce Nesueen phase and

fhe Connect! onTRERNEER THLA VAVSIRIARAABAAHE PANS Siirepelt, pbR'agaR 1"

transformer el eSrewavggnidetadiatop:i The pPhagedte axRaE antRIBS acgerdingstoare

not included in tRfet eAve it HasC2oRNTks object to provide a solution to
this problem by injecting the test signal directly into at
least substantially all waveguide radiators. This entails
the advantage that phase and amplitude errors generated in

10 the waveguide radiators are also included in the test

procedure. It is characterized in that at least
substantially all waveguide radiators comprise a coupling
device connected to the calibration network.

15 In phased array antennas provided with waveguide radiators,
the supply system generally comprises a T/R module per
waveguide radiator or per group of waveguide radiators. As
a result there is insufficient room at the input to provide
a coupling device to be connected to the calibration

20 network. At the output of a waveguide radiator there is no
room available either for a coupling device to be connected
to the calibration network, as the output has to be free
from obstacles in order to ensure an undisturbed emission
of radiant energy. A special embodiment offers a solution

25 to the above-mentioned problem and is thereto characterized
in that the coupling device is mounted at a side wall of
the waveguide radiators.

The calibration network is required to ensure a low-loss
30 transmission of microwave energy. To this end, use is
generally made of a stripline network in which Duroid
generally serves as a dielectric. Such a network is however
very expensive. A favourable embodiment of the phased array
antenna according to the invention is aimed at realising a
35 far less expensive calibration network and is thereto
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hence, are not conpensated for. A possible solutionis to I nj ect the
test signal by neans of a separate feedhorn to be pl ac —a—frant of the
antenna. This however has the drawback that conpensat i jofHISSSREESAHAS BEEN
required for errors 5 caused by the distance between thg feedREP[nggyj a
wavegui de radi ator being different for each wavegui de rod; fre
RS,

st at ed probl W9%6/386he sol ved by injecting the test signal y into
at | east substantially all wavegui de radiators. This entails the
advant age that phase and 10 anplitude errors generated in the waveguide
radi ators are al so included in the test procedure.

3

characterized in that the calibration network comprises at
least one waveguide.

If the waveguide-shaped calibration network is mounted

5 between the waveguide radiators such that it abuts on the
side walls of the waveguide radiators, due care should be
taken that the distance between the rows of waveguide
radiators is kept as small as possible, notwithstanding the
presence of the waveguide. This can be effected by making

10 the widest side wall of the waveguide abut on the waveguide
radiators so that the distance between the rows of
waveguide radiators is determined by the narrowest
waveguide side wall. A further favourable embodiment is
therefore characterized in that the widest side wall of the

15 waveguide abuts on the widest side walls of the waveguide
radiators. '

The embodiment whose calibration network comprises at least
one waveguide can be extended to a system of waveguides

20 which spans a number of waveguide radiators arranged in
rows whereby each waveguide radiator is connected to the
waveguide. Per row of waveguide radiators, preferably one
waveguide may be provided which is placed at right angles
to the corresponding row of waveguide radiators. A further

25 favourable embodiment is therefore characterized in that
the at least one waveguide is placed at least substantially
at right angles to the waveguide radiators.

The last-mentioned embodiment can be used to advantage by
30 realizing the coupling device of each waveguide radiator as
a connection between the waveguide and the waveguide
radiator in question. A further favourable embodiment is
thereto characterized in that the coupling device of each
waveguide radiator constitutes a connection between the
35 waveguide radiator and the waveguide.
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The calibration network is required to ensure a | ow | oss

m crowave energy. To this end, use is 15 generally made of
network in which Duroid general |y serves as a dielectri
I S” however very expensive. A favourable enbodinent of a

transm ssi on of

THS SHEET (A5
callbﬁﬁﬁhﬁﬂﬁﬂ EEN

network can be found in the prior art wherein the cal i br
conprises at We3¢39he wavegui de. 20 A phased array anteﬁ%g£%¥ﬂﬁﬂ¥g type
is al so known from Eur opean patent application EP-A- 0.127.337. The

phased array antenna herein described conprises an array of wavegui de
radi ators, each radiator conprising a plurality 25 of slits for obtaining a
focused beamin elevation. In azinmuth, bea#h stearing is obtained by
controlling the phase of each radiator. A calibration wavegui de is

nmount ed transversal

radi at or
signal transnittednfy 88 ﬁ?ﬁg ﬁgﬁﬁfﬁtBPv?%P g}LQ?% gg%p Q%Q?Pgn
wavegui de i s couplnetworkeuaheguiiiencan bywneiamly aﬂ@ff eﬁfSFhi;:ﬁ'%llhd?Qe
The known callbraghgniggue | stV idinghendi 62 B@drage aplptures i in adienatiake

used [0 the ci rounpianges PC Sidinilae®ahd' tRE Udvilhuihdnghalseds] o sl ehato

all the wavegui de ¥

5 favourable embodiment is therefore characterized in that
the connection comprises at least an aperture in the
waveguide radiator side wall and an aperture in a waveguide

side wall, which apertures coincide.

10 When applying a test pulse it may be important to prevent
the test pulse energy from being emitted at the antenna
output side, for instance in the event that radar silence

is desired, but calibration is nevertheless required. This

can be effected by providing the coupling device with a

15 directional coupler which substantially couples energy in

the direction of the power supply system. A further

favourable embodiment is therefore characterized in that
the coupling device per waveguide radiator comprises a
directional coupling with a directivity substantially in

20 the direction of the power supply system.

If the calibration network comprises one or several

waveguides with a connection between each waveguide
radiator and the corresponding waveguide, it is

25 advantageous to keep the coupled test signal energy as low

as possible, so that sufficient energy remains available

for more distant waveguide radiators. In this respect it is

advisable that each waveguide radiator receives
substantially the same portion of energy. A further
30 favourable embodiment is thereto characterized in that the

connection effects a signal attenuation of -35dB to -45dB.

By providing a number of rows of waveguide radiators with a

waveguide-shaped calibration network it is possible to

35 connect several waveguides for instance by means of
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3 - radi ators while at the sane tine keeping radar silence, when this

Is desired. The calibration signal is inevitably - transmtted into the
at nrosphere, with high gain when lots of waveguide radiators are used.
The invention solves the 5 stated problemand is thereto characterized by
t he chara&;oe 3439 part of claim 1. PCT 1146

5

180-degree waveguide bends at the end of a waveguide
pertaining to a row of waveguide radiators, which bends
connect the output of the waveguide to the input of a
parallel waveguide pertaining to a next row of waveguide
5 radiators. In this manner the calibration network can be
extended and a single power supply source will be
. sufficient for applying a test signal at the calibration
network input. A favourable embodiment is thereto
characterized in that the at least one waveguide comprises
10 a number of waveguides, the output of one waveguide bzing
connected to the input of another waveguide.

By connecting a signal generator producing signals of
sufficient strength to the output of the calibration

15 network implemented as at least one waveguide whereby each
waveguide radiator receives only a relatively small
quantity of microwave energy, the microwave radiation is
evenly spread over the waveguide radiators. As a result, a

- certain quantity of microwave radiation will be present at

20 the output of the calibration network beyond the connected
waveguide radiators to be retained by a matched load. A
favourable embodiment is therefore characterized in that
the at least one waveguide is on one end connected to a
calibration signal generator and on the other end comprises

25 a matched load.

The phased array antenna according to the invention will
now be described in greater detail with reference to the
following figures, of which:
30 fig. 1 represents an array of waveguide radiators
according to the first embodiment of the invention;
fig. 22 represents a front view of a waveguide radiator
according to the first embodiment of the invention;
fig. 2B represents a side view of a waveguide radiator
35 according to the first embodiment of the invention;



I n.phased array antennas provided with wavegui de radi ators, the supply
system general ly conprises a T/R nodul e per 10 wavagui de radi ator or per

group of wavegui de radi ators. As aresult there is insufficient room at
the input to provide a coupling device to be connected to the
calibration network. At the output of a waveguide radiatgr there is no
room avai | abl WOM6BME3 for a coupling device to be connect edPEHEPSE
calibration network, as the output has to be free fromobstacles in
order to ensure an undi sturbed en ssion of radiant energy. This problem
can be solved by nounting the coupling device at a side wall of the
wavegui de radi ators. 20 I f the wavegui dé- shaped cali bration network

i s mount ed bet ween t he wavegui de radi ators such that it abuts on the
side wall s of the Wavequide radiagtors, due. c b t aken that the

di stance between tH&°r dwsTEPTHE BRc3DE3Y gfégthgekgﬁ?iiﬁ?ﬁﬁﬂall as
possi bl e, notwi t hst andi ngackerdingitessngecond emboginenti of . thithiinvention;
effected by nmakingeig. 4herdpféséntd @p ¥Rblodda Wikw\dtegUieLs BIE ndtholcor
wavegui de radi ators so_that fhe distance,between the raws of

wavegui de radiators is de?é b ﬁy“FKEgﬁgﬁr \ﬁé:Qg% vgb |Yﬂ¥%§%&g%w8Fl.

A further favouBabl e enbolheepalibrationhaetworks characterized in that the

wi dest side wall of the wavegui de abuts on the w dest side walls of the

wavegui de Fig. 1 represents a front view of an array of waveguide
radiators 1, comprising a calibration network according to
a first embodiment of the invention. The waveguide

10 radiators are arranged to lie in an upper 2, middle 3 and
bottom row 4. The exemplary embodiment comprises only three
rows, but in actual practice there will be dozens of rows
and accordingly, several dozens of waveguide radiators per
row. The waveguide radiators in each row are shifted over a

15 half a centre-to-centre distance between two waveguide
radiators with respect to the adjacent rows. This yields a
favourable low-sidelobe antenna diagram. This is however
not strictly necessary. At the front side, an iris plate
(not shown) will generally be provided to prevent cross-

20 talk from one waveguide radiator to another. At the back 5,
the waveguide radiators are generally connected to a
backplane (not shown). The backplane enhances the antenna
rigidity and serves to establish the electrical connection
between the waveguide radiators with their corresponding

25 T/R (Transmit/Receive) modules. In order to compensate for
phase and amplitude errors which may arise per T/R module
generally as a result of production inaccuracies or
temperature drift, correction factors are determined per
T/R module which are used for the control of the T/R module

30 in question. To this end, each individual T/R module is at
set times provided with a test signal having a known phase
and amplitude. In order to provide the T/R modules with
such a test signal, a calibration network might for
instance be fitted between the backplane and the T/R

35 modules. This has several drawbacks, though. Firstly, space



radi at ors.

wavegui de calibrati on network can be extended to a

4 The

whi ch spans a number of wavegui de radi ators arranged in rows whereby
eath wavegui de radi at or i's connected to the wavegui de. Per row of
wavegui de 5 radi ators, preferably one wavegui de may be pro¥E%Egm%ﬁL&h
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es to the correspondi ng row of

should be created between the T/R modules and the backplane
to accommodate the calibration network. To bridge this gap,
a connecting line has to be mounted between each waveguide
radiator and related T/R module, which entails losses.
Secondly, phase and amplitude errors arising past the
backplane are not included in the correction procedure. In

. the exemplary embodiment the calibration network comprises

a number of waveguides 6, 7, 8 which are mounted along the
widest side walls of the waveguide radiators. Each
waveguide radiator comprises a coupling device 9 shaped as
a hole, which is illustrated for one waveguide radiator
only. The coupling device is preferably designed as a prior
art directional coupling, the coupling of energy being
substantially in the direction of the backplane.
Directional couplers can for instance be designed as two
diagonal holes in the rectangle formed by the overlap of
the waveguide and a waveguide radiator. A coupling device
is required only for those waveguide radiators to be
calibrated. This generally obtains for all waveguide
radiators, although it is not strictly necessary.

It is also possible to make several holes per waveguide
radiator. The waveguides 6, 7, 8 are interconnected by
waveguide bends 10, 11, which can be attached by means of
flanges 12. Consequently, one test signal suffices for the
entire system of waveguides. The system of waveguides
curves towards the backplane via a bend 13 which renders
the backplane suitable for providing a test signal. At the
end 14 of the system of waveguides, a matched load (not
shown) is preferably provided to avoid test signal
reflections. It is of course also possible to provide, per
row of radiating elements, each waveguide with a test
signal and a matched load. Bends 10, 11 are then omitted.
In the event of a test signal generator failure, it is
still possible to provide the other rows with a test
signal. In the exemplary embodiment, the waveguide

system of wavegui des

is



wavegui de radi ators. A further favourable enbodi nent is therefore
characterized in that the at | east one wavegui de Is placed at |east
substantially at right angles to the 10 waveguide radiators. I f the
calibration network conprises one or several wavegui des with a

connection between each wavegui de radi ator and the correspondi
wavegui de, it WOI6B®6xhdvant ageous to keep the coupl ed test srg—ﬂﬁp‘@g{#gy as

| ow as possible, so that sufficient energy remains avail abl e for nore
di stant waveguide radiators. In this respect it is advi sabl e that each
wavegui de radi ator receives substantially the sane portion of energy. A
further 20 favourable enbodinent is thereto cBaracterized in that the
connection effects a signal attenuation of -35dB to -45dB. By

provi ding a nunber of rows of wavequide radiators wi th.a .
wavegui de- shaped CEAIREREEORORRYSHor irpgtgn%aig HAENEItSs  ERR AYe% /1%
wavegui des for i nseaiiee offywhichshawfe been removed at the waveguide

interface. The top 15 of the waveguide thus constitutes the
lower side wall. This has the advantage that only the
5 waveguide has to be provided with one or more holes.

Fig. 2A and fig. 2B show a magnified view of a waveguide
radiator 1. The waveguide radiator is rectangular in shape.
At the wavequide 6, it has an inverted U-shape, owing to

10 the lower side wall having been removed. Behind the
waveguide, the waveguide radiator continues as a
rectangular element, as shown in fig. 2B. This way, the
narrow back sidewall 16 of the waveguide 6 thus abuts on
the raised edge 17 of the waveguide radiators where the

15 lower side wall 18 of the waveguide radiators starts and
continues in the direction of the backplane. This enables
the waveguide radiators to be correctly positioned during
assenmbly.

20 Fig. 3 shows a second embodiment of the phased array
antenna provided with the calibration network according to
the invention. The waveguide radiators 19 are mounted on
both sides of the waveqguides. This effects a 50% reduction
of the required length of waveguide 20, 21, 22. The

25 waveguides 20, 21, 22 are on both sides provided with holes
23 at the waveguide radiators for the coupling of a test
pulse. The waveguide radiators 19 are provided with
corresponding holes 24. In the exemplary embodiment, the
waveguide radiators are rectangular throughout their entire

30 length. A matched load 25 is mounted at the end of the
waveguide 22. The test pulse is introduced at the input 26
of the waveguide 20.

Fig. 4 shows a method of attaching a rectangular waveguide
35 radiator 27 to the waveguide 28 of the calibration network
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5. 180- degr ee_wavegqui de bends at the end of a wavegui de pertaini ng
to.a row of wavegui de radi ators, which bends connect The output of the
wavegui de to the input of a paral | el wavegui de pertaining to a next row

of waveguide_ 5 radiators. In this manner the calibration netwrk can be
ext ended and P ¥3MPe power supply source will be suf f | REEFRISPH A6
applying a test signal at the calibration network input. A favourable
enbodi ment is thereto characterized in that the at | east one wavegui de
conprises 10 a nunmber of wavegui des, the output of one wavegui de bei ng
connected to the input of another wavegui de. 9 By connecting a signal
generator producing signals of

that differs from that shown in fig. 1. A section 29 having -
the width of a waveguide radiator side wall has been
removed from the upper side wall 30 of the waveguide 28.
This creates a recess which substantially accurately fits
5 the rectangular waveguide radiator 27. The waveguide
radiator is provided with a hole 31 to enable the coupling
of radiant energy.

Phased array antennas according to the invention are by no

10 means restricted to the above-mentioned embodiments.
Features from the above-mentioned embodiments can be
applied in combination.



—
suf-ficient s to the output of the calibration 15 network
I mal enent_ed mﬂmmtmumumvegui de whereby each vvave.aﬁ-i-d@_m.dj__atLr
receives onlys eaarido UL | guantity of m crowavg §r3j'iEETtm]qs BEEN
m crowave radiation is &venly spread over the wavegui de r adRBEPIXCED AS a
result, a certain quantity of mcrowave radiation will De preseft—at
20 the output“@#”@%ﬁ?cgJibration net wor k beyond t he connect BF ‘mﬂﬁﬂeguide
radiators to be retained by a matched | oad. A favour abl e enbodi nent is
therefore characterized in that the at | east one waveguide is on one
end connected to a calibration signal generator and on the other end
conpri ses 25 a matched | oad. The phasedl@rray antenna according to
the.invention wl| now be described in greater detail with reference to
t he fol |l ow ng éigﬂ&gs, of which: 30 fig. 1 represents an array of
wavegui de radi at or according to the first enbodi ment of the
I nventi on; fig. 2A represents a front view of a wavegui de radi at or
accp&ding to %he first aﬂh@dhﬁaﬁfafﬁaﬂﬁahnhnweﬁpfiﬁﬁng_an'E?9a¥25%¥¢HVf§H¥ﬁES
a side view of a [ a n irs
erbodi ment. of the”?%@%ﬁ?ﬁ%hfggﬁgéfzdigg a supply £§§¥éﬂ ahd Qurggérmore
5 comprising a calibration network for calibrating the supply
system, characterized in that at least substantially all
waveguide radiators comprise a coupling device connected to

the calibration network.

10 2. Phased array antenna as claimed in claim 1,
characterized in that the coupling device is mounted at a
side wall of the waveguide radiators.

3. Phased array antenna as claimed in claim 2,
15 characterized in that the calibration network comprises at
least one waveguide.

4. Phased array antenna as claimed in claim 3,
characterized in that the widest side wall of the waveguide
20 abuts on the widest side walls of the waveguide radiators.

5. Phased array antenna as claimed in any of the claims
3 or 4, characterized in that the at least one waveguide is
placed at least substantially at right angles to the

25 waveguide radiators.

6. Phased array antenna as claimed in claim 5,

characterized in that the coupling device per waveguide

radiator comprises a connection between the waveguide
30 radiator and the waveguide.

7. Phased array antenna as claimed in claim 6,

characterized in that the coupling device per waveguide

radiator comprises a directional coupling with a
—_—
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6. u \ m ‘u H%H s an array of wavegui de radi atorg
accor di i) enbodi ment of the invention; f | QOIASHERT HASIHEE

expl oded” vi ew of a feasible nethod of attach| ng a REpyegep de
radi ator to the wavegui de of 5 the calibrationmn '

Fig. 1 repre¥80%3t, ont view of an array of wavegui de WIMG 1
conprising a calibration network according to a first enbodi nent of the
i nvention. The waveguide 10 radiators are arranged to lie in an upper 2,

m ddl e 3 and

11

directivity substantially in the direction of the power
supply systen.

8. Phased array antenna as claimed in claim 6,

5 characterized in that the coupling device comprises at:
least an opening in the waveguide radiator side wall and an
opening in a waveguide side wall, which openings coincide.

9. Phased array antenna as claimed in any of the claims
10 6, 7 or 8, characterized in that the coupling device
effects a signal attenuation of -35dB to -45dB.

10. Phased array antenna as claimed in any of the claims
3 through 9, characterized in that the at least one

15 waveguide comprises a number of waveguides, the output of
one waveguide being connected to the input of another
waveguide.

11. Phased array antenna as claimed in any of the claims
20 3 through 10, characterized in that the at least one

waveguide is on one end connected to a calibration signal

generator and on the other end comprises a matched load.
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boLton1rom14 The exenpl ary. enbodi ment conprises only three rows, but

in actual practice there will be dezens of rows and accordi ngly,
several dozens of wavegui de radi ators per row. The waveguide radiators
in each row are shifted over a 15 half a centre-to-centre distance between
two wavegui de radiators with respect to the adj acent roms ThIS i el ds
a f avour YA WRPWR- si del obe antenna di agram This is howdRfdt ‘?%
strictly necessary. At the front side, aPz;rls pl at e (not shomm) will
generally be provided to prevent cross- 0%t al k from one wavegui de

radi ator to another. At the back 5, t he wavegui de radi ators are
generally connected to a backpl ane (not shown). The backpl ane enhances
t he antenna rigidity and serves to establish the electrical connection
bet ween the wavegui de radiators with their corresppnding 25 T/R

(Transmi t/Receive) nodules. In order to gpnpensatejfor phase and

anplitude errors which nay arise per Rynodul é%erally as a result
of production inaccuracies or t L §correction factors are
det erm ned per T/ R nodul' e whj,c S g dqontrol of the T/R
nodule 30 in question. To this*Eemp p i / R nodul e is at

i A «xnowy ghase and
Mt h such a test signal

fit[ﬁg d@et ween the .
Awbacks, though.

anplitude. In order to provide RQ
a calibration network m ght for
backpl ane and the T/R 3!
Firstly, space

,
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FIG. 1
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7 ... Should be created between.the T/ R npdul es and t he backpl ane
to.accommodat e the calibration network. To bridge this gap, a
connecting line has to be nounted between each wavegui de radi at or and
related T/R 1 whi ch entails | osses. 5 Secondly, ph litude
errors arisiﬁgg t he backpl ane are not i ncl uded inqﬁﬁ@a%gPﬁggtion
procedure. In t he exenpl ary enbodiqin the calibration network

conpri ses a nunber of wavegui des 6, ,48 whi ch are nmounted al ong the

wi dest side walls of the wavegui de radi ators. Each

g
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10.wavegui de radi ator conprises a coupling device 9 shaped as

which is illustrated for one wavegui de radi ator

device is preferably designed as a prior

coupl i ng of energy being
backpl ane. 15 Directional

coupl ers can for
di agonal hol 03033 rectangl e formed by the overlap of

and a wavegui de radi ator. A coupling device
calibrated /This generally obtains for all

wavegui de radiators to be

wavegui de 20 radiators, although it
al so possi ble to nmake several
wavegui des 6, 7, 8 are interconnected by
can be attached by neans of
suffices for the 25 entire systemof wavegui gy
curves towards the backpl ane via a bend 13 whit¥]

flanges 12. Corp

suitable for providing a test signal. At
wavegui des, a matched |oad (nog

test signal 30 reflections. At is
ch wav

row of radiating el enents,
mat ched | oad. Bends 10, 11
signal generator failure,
rows with a test

=]
&~

K

e t he

own) i
rse al soyQskible fto provide, per
si gnal and a

of C

I/ v

7=

gy
o~ T

24
g
z

RY

the_

a hol e,

only. The coupling

art directional
substantially in the direction of the

hol es per wavegui de

i nstance be desi

Pé%%ﬂﬁpﬂﬂbeguide

is required only for those

IS not strictly necessary.
radi at or .

coupling, the ~

ned as two

It is
The

wavegui de bends 10, 11, which

1

]

1

26

]

ly,

]

]|
1

]

one test signal
em of wavegui des
t he backpl ane

FIG.3



35 signal. In fhe exenpl ary enbodi nent, the wavegui de WO 96/ 30963

PCT/ EP96/ 01146 . _ 8 radi at ors

consi st of rectangul ar ‘el enents, the | ower side wal I s of which have
béen renoved at the wavegui de interface. The top 15 of the wavegui de

t hus constit lower side wall. This has the adyaptags,fpat only
t he 5 wave gﬂ%%as to be provided with one or nore hol eis‘ 11%‘ Fig. 2A

and fig. 2B show a magnified view of a waye‘?w de
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radi ator 1. The wavegui de radiator is rectangul ar in shape. At the
.waveguide 6, it haS an inverted U-shape, owing to 10 t side wal

havi ng been renoved. Behind the wavegui de, the wav Eﬁ?ﬁ@ggfaj gﬁEET .

continues as a rectangul ar el ement, as shown in fi
narrow back sidewall 16 of the waveguide 6 thus abuts o t he ralse

" edge 17 of the waveguide radiators where the 15 |ower $ifle AINEPLE98F | h
wavegui de radi ators starts and continues in the difettion of the
backpl ane. Thi s enabl es the wavegui de radi ators tojbe correctly
posi tioned during assenbl y. 20 Fi 3 shows a s f
t he phased array ant enna provi ded w h the calibration network
according to t he - |nvent|on ~The wavegui de radiators 19 are nounted on
bot h sides of f_ihe
required | enyt : 22 are
on both sides provided with holes 23 at the wavegqui de radlators for
the couplingrgé fnv@stion rewéés tdhg BRYEEN! Sordy déﬁé%ﬁﬁr% goﬁ{nﬁ 1i9{Ry! ded

wth corresggndlqg hol es . t he exgag ﬂ%

wavegui de r atfta26¥3Y F Y%%?%Hﬁ%?a?a@h?ﬁﬁﬁﬁ fred éﬁﬁlﬁeS“PBbYIength A
mat ched | GadspsStés amtnfwcthérhdee eodmprising a calbivegrdisle Ratwdie test
pul se is 'ntégffﬁfﬁ%f%gtéﬁiléﬁ%%l@GSystem, according to the preamble of

claim 1.

A phased array antenna with a calibration network is known

10 from the European patent specification EP-B 0.110.260. This
patent specification describes a pulse radar apparatus
comprising a coherent transmitting and receiving unit

- incorporating a transmitter, a transmitting antenna, a

number of receiving antennas connected to coherent

15 receivers which are suitable for converting, by phase-
coherent detection, echo signals into quadrature video
signals having two. components. The coherent transmitting
and receiving unit additionally incorporates a beam former,
the transmitter being suitable for the transmission of test

20 signals in a test phase in the course of which the test
signals are injected into the receiver channels. On the
basis of the video signals generated by the receivers, the
amplitude and phase-correcting signals are determined which
‘are representative of the amplitude and phase errors

25 introduced by the receivers. The need to provide a
calibration or test néetwork stems from the fact that
differences in gain and phase of the receivers may
constitute an impediment to a desired side~lobe reduction.
The drawback of the prior art phased array antenna is that

30 the test signal is injected directly into the receiver
channels. As a result, phase and amplitude errors generated
beyond the receiver channels, for instance in the
connection between receiver and waveguide radiators and'in
a transformer element generally comprised in the wavequide

35 radiators, are not included in the test procedures and,



-of,the wavegui de 20. ) Fig. 4 shows a nethod of attaching a_ .

.rectangul ar wavegui de ~ 35 radiator 27 to the wavegui de 2 N QU
calibration network WD 96/ 30963 REPLAEEEE%E?SHEE
PCT/ EP96/ 01146 9 that differs
fromthat shown in fig. 1. A section 29 having the Wi dt HO @fSEP 1998
wavegui de radi ator side wall has been renoved from tfth¢ upper side wal
30 of the wavegui de 28. This creates a recess whichjsubstantially
accurately fits

2

hence, are not compensated for. A possible solution is to
inject the test signal by means of a separate feedhorn to
be placed in front of the antenna. This however has the
drawback that compensation is also required for errors

5 caused by the distance between the feedhorn and a waveguide
radiator being different for each waveguide radiator. The
stated problem can be solved by injecting the test signal
directly into at least substantially all waveguide
radiators. This entails the advantage that phase and

10 amplitude errors generated in the wavequide radiators are
also included in the test procedure.

The calibration network is required to ensure a low-loss
transmission of microwave energy. To this end, use is

15 genetally made of a stripline network in which Duroid
generally serves as a dielectric, Such a network is however
very expensive. A favourable embodiment of a calibration
network can be found in the prior art wherein the
calibration network comprises at least one wavequide.

20
A phased array antenna of this type is also known from
European patent application EP-A- 0.127.337. The phased
array antenna herein described comprises an array of
waveguide radiators, each radiator comprising a plurality

25 of slits for obtaining a focused beam in elevation. In
azimuth, beam stearing is obtained by controlling the phase
of each radiator. A calibration waveguide is mounted
transversally to each radiator, in order to lead part of a
signal transmitted by a selected radiator to a mixer. The

30 calibration waveguide is coupled to each radiator by means
of .a single hole, '

The known calibration waveguide has the disadvantage that
it cannot be used in the circumstances wherein a
35 calibration signal is injected into all the waveguide



5 the rectangul ar wavegui de radi ator 27. The wavegui de radiator is

1a

15

20

25

30

.provided with a hole 31 to enable the coupling of 1 SR YLINE
Phased array antennas according to the invention are by Eﬂﬂﬁgga1%Lfcgﬁ£JT
restricted to the above-nenti oned enbodi nents. Feajuges frpn1§be
above- menti oned enbodi ments can be applied in conbjngt ibA.SEP 1998
10

3

radiators while at the same time keeping radar silence,
when this is desired. The calibration signal is inevitably
transmitted into the atmosphere, with high gain when lots
of waveguide radiators are used. The invention solves the
stated problem and is thereto characterized by the
characterizing part of claim 1.

In phased array antennas provided with wavequide radiators,
the supply system generally comprises a T/R module per
waveguide radiator or per group of waveguide radiators. 2as
a result there is insufficient room at the input to provide
a coupling device to be connected to the calibration '

‘network. At the output of a waveguide radiator there is no

room available either for a coupling device to be connected
to the calibration network, as the output has to be free
from obstacles in order to ensure an undisturbed emission
of radiant energy. This problem can be solved by mounting
the coupling device at a side wall of the waveguide
radiators.

If the waveguide-shaped calibration network is mounted
between the waveguide radiators such that it abuts on the
side walls of the waveguide radiators, due care should be
taken that the distance between the rows of wavequide
radiators is kept as small as possible, notwithstanding the
presence of the wavegquide. This can be effected by making
the widest gide wall of the wavequide abut on the waveguide
radiators so that the distance between the rows of
waveguide radiators is determined by the narrowest
waveguide side wall. A further favourable embodiment is
therefore characterized in that the widest side wall of the
waveguide abuts on the widest side walls of the waveguide
radiators.



d ai ns: 1. Phased array antenna conprising an array of wavegui de

. radiators connected to a supply systemand furthernore 5 conprising a

calibration network for calibrating the supply syst enf T e
calibration network conprises a wavegui de for IeadingRBﬁE&@aﬁmgﬁﬁﬁEﬂr

t he wavegui de radi ators, the wavegui de having a coupl devi ce per
wavegui de radi ator for |eading the test signal into the 10 r OSpPBEPI %98
wavegui de radi ator, characterized in that the coupl i devi ce per
wavegui de radi ator conprises a directional coupling wth a man
directivity in the direction of the supply system ____{15 2 . . Phased
array antenna as clainmed in claiml1l, wherein t he wavegui de and the
wavegui de radi ators ‘have a rectangul ar cross section, characterized in
that the coupling device conprises twa di agonal holes in the :

rectangl e fornmed by the overlap of the wavegui de and the 20 wavegui de
radi at or.
The waveguide calibration network can be extended to a

system of waveguides which spans a number of waveguide
radiators arranged in rows whereby each wavequide radiator
is connected to the waveguide. Per row of waveguide

5 radiators, preferably one waveguide may be provided which
is placed at right angles to the corresponding row of
wavequide radiators. A further favourable embodiment is
therefore characterized in that the at least one waveguide
is placed at least substantially at right angles to the

10 waveguide radiators.

If the calibration network comprises one or several
waveguides with a connection between each waveguide
radiator and the corresponding waveguide, it is

15 advantageous to keep the coupled test signal energy as low
as possible, so that sufficient energy remains available
for more distant waveguide radiators. In this respect it is
advisable that each waveguide radiator receives
-substantially the same portion of energy. A further

20 favourable embodiment is thereto characterized in that the
connection effects a signal attenuation of ~35dB to -45dB.

By providing a number of rows of waveguide radiators with a
wavequide-shaped calibration network it is possible to
25 connect several waveguides for instance by neans of




3. yrPhased array antenna as ‘claimed in claim 2,

-the coupling device effects a signal® “:attenuation of -35 tq -45 dB.
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1. Phased array antenna comprising an array of waveguide
radiators connected to a supply system and furthermore
comprising a calibration network for calibrating the supply
system, wherein the calibration network comprises a
wavequide for leading a test signal to the waveguide

‘radiators, the waveguide having a coupling device per

waveguide radiator for leading the test signal into the
respective wavequide radiator, characterized in that the
coupling device per waveguide radiator comprises a

‘directional coupling with a main directivity in the

direction of the supply system.

2. Phased array'antenna as claimed in claim 1, wherein
the waveguide and the wavequide radiators have a’
rectangular cross section, characterized in that the
coupling device comprises two diagonal holes in the
rectangle formed by the overlap of the waveguide and the
waveguide radiator. '

3. Phased array antenna as claimed in claim 2,
characterized in that the coupling device effects a signal
attenuation of ~35 to -45 dB.



5. char acerized in that the coupling device conprises at | east anRT”P

opening in_the wavegujde radiator side wall and an opening in a CoPY
wavegui de side wal |, whi ch openings coincide. % -' Ray
~anfenna as clainmed in any of the clains 10 6, 7 or ;"91 FRCT &g (! in
that the coupling device effects a signal attenuation of SR tO

- 450B. 10. sed ar I @Rl BRuA T REkRYSRohnizAnanY Of t IR s

3 through 9, ch erized in that tHuematorsjRupayt one 15 wavegui de conpri ses
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(57) Abstract

The invenu'o!l comprises a phased array antenna comprising a number of waveguide radiators (19) and a power supply system and
furthermore comprising a calibration network (20, 21, 22) for providing a test pulse. By directly connecting the calibration network to
thc.waveguige radiators, a more accurate calibration is obtained, which is due to any phase and amplitude errors arising in the waveguide
radmorg bel(nz%'pgceg;d in a calibration algorithm. In a favourable embodiment, the calibration network is designed as a system of |
waveguides . 22),




