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phase control devices in-general ~ &md phase control devices as applied
to phased array antennas in particular. 5 BACKGROUND OF THE | NVENTI ON

Phase control devices play an inportant role in radar and

comuni cations in general, and in satellite comunications in particular.
There are known in the art, planar phased array antennas for conmunicating
with satellites which arc nountable on noving platforns. For certain of 10
such applications the planar phased array antenna may conprise several
hundred radi ating el ements. This results in the use of a correspondi ng
several hundred phase shifters. one for each radiating elenent. Onng to

t he | ar ge nunber of phASPHARE ONTROL DEVICRe phased arrays
t hensel ves are t heref ore expensive. 15 There is,
therefore, a need for reducing the nunber of phase shifters required

for a given nunber of radiating elenents of a phased array.

FIELD OF THE INVENTION
The present invention relates to phase control devices in general

and phase control devices as applied to phased array antennas in particular.

5 BACKGROUND OF THE INVENTION
Phase control devices play an important role in radar and
communications in gencral, and in satellite communications in particular.
There are known in the art, planar phased array antennas for communicating
with satellites which arc mountable on moving platforms. For certain of
10 such applications the planar phascd array antenna may comprise several
hundred radiating clements.  This results in the use of a corresponding
several hundred phasc shifters, one for each radiating element. Owing to the
large number of phasc shifters required, the phased arrays themselves are
therefore expensive.
15 There is, therefore, a need for reducing the number of phase

shifters required for a given number of radiating elements of a phased array.

SUMMARY OF THE INVENTION
In the following description and claims reference is made to phase
20  shifters and to phase control devices as applied to phased array antennas.
This is done for clarity of illustration only and should in no way be

interpreted as a limiting property of the phase control devices of the



SUMVARY OF THE | NVENTI ON In the foll owi ng description and
clains reference is nade to phase 20 shifters and to phase control .
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of illustration only and should in no wa/~be interpreted as a limting
property of the phase control devices of the WO 98/ 05089
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havi ng a pl uriavéntionofwhich can peuutibeeddty popt sysikim hhastingat splnedisy r ohg

control of theLr ' ses. . r.ef. i 0 phase
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el enents is separated off fromthe, reduced number of switches, a
feature of sidpRliFalaemes compriediie@rios aitfeghniques. Iy additaen fo tejreduction

In accorf@npqn%%?mmrp& Esihﬁ%l h&ls ers}‘?vi.\&\eprﬁi’dtﬂé‘do icB8F the

control device providing a plurality of phase Values, conprising:
a plurality gfresinédtventmnl ig thesenplificeiohed! theassulghg farcldteemmmtwheraig

luralit i,t ch lectrically | ted b lurality of first
onducti ng. 1 e SSUHERE RIFER) o Fhere shBb RO adS: sorgaehat Bomatie ur al {1y
of 20  swi t Ge@scedl RGinbeE Jf Hvitcheseat Rar® (FadighibiciimportdiceplingRipshi f t

el enents by .. nmnmeans of said plurality of second conducting |ines.
| f desired tHBIHYEEAUOR-ft el enents and the switches may be

parki oI5 Lot DheSR L WL e AR SRR PR
i n each phaseontrol device for providing a plurality of phase values, comprising:
a plurality of electrically interconnected phase shift elements; and
a plurality of switches electrically interconnected by a plurality of first
conducting lines and a plurality of second conducting lines, said plurality of
20  swilches electrically connected to said plurality of phase shift clements by
means of said plurality of second conducting lines.
If desired the phasc shift elements and the switches may be
partitioned into phase control units, the phase shift elements in each phase

control unit being electrically interconnccted and the switches in each phase

25  control unit being electrically interconnected, only to switches within the
same phésé control unit and to thc phase shift elcments thereof.
Further, if desired, all thc phasc control units arc paralielly
connected.
Optionally, all the phase control units are serially connected.
30 Alternatively, some of the phase control units are serially

connected whereas others are parallelly connected.



25 control unit being electrically interconnected, only to swtches

wi thin the sane phase control unit and to the phase shift el enents
thereof. WO 98/05089 Further, if desired, all the phasePCORIs0066NI t S
arc parallelly connect ed. -3 - Optionally, all the phase
control units are serially connected. 30 Al ternatively, sone -
of the phase control units are serially - connected whereas others are
paral l el ly connected. Also, ifesg8tdp8@gshase control units may be connected to the
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Aso, if desiretVitehes ofnd furthesRhase cORITPL Uty be connected to the

swi tches of a further phaseeetit dsBlicalioh of the invention the phase sHiffeRBfRGHS, | C
application of the invention the phase shift elenents, the swtches

and the first cbadivitehes andths firsé condpetingl linss ane dispgecdionaons side of a

dielectric platg; 1 ' | | on _t he
opposite of 9saic§el§i@’gﬁé?ﬁft%%‘e§eﬁg%g S%W%bha&ddgn ﬂﬁ%saélgecgir%gg%aggw ‘?‘ﬁ one
enbodi nent of tdppositesdrdaid diedertsioplithe phase control device further

conprises, in a piecewise |layered fqormation, a plurality of,
dielectric plates, eachTRfFPIENES SN QRg e imepteaf thg presgrb inyeatiop thesaj d

pural ity of Phaage Hhirbl ﬁkﬁ%%ﬁhc%rgplﬁ%éﬁ[e il & pleclvidd faybrdiORAtGlbAT,| | NES

and said plurality of second conductin ] I Spos on t ates of
sai d di el ect ri cplptadity of dielectric plates, each havingdoont dawdaeamfades,omed wibredn ment

f the i [ . ' j | d. 15
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shift el ement s andesgidrphtadity wf cecomeE tenducting lines B8 dibpdedEN HE fAeSof THE

DRAW NGS id diclectri For a better understanding, the invention wll
now be descri be@did SiFleCtig RIZGS-of a non-1initing exanple only, with

reference to the acconyamcBffance withlloA¥ diSodifet0f fhe invention the pHade 1
shows an illustrative bl.ock diagram of a phased array antenna
shift elements are serially connected.

15 In accordance with another embodiment of the invention the

phase shift elements are parallelly connected.

BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding, the invention will now be described,
20 by way of a non-limiting example only, with reference to the accompanying
drawings in which:
Fig. 1 shows an illustrative block diagram of a phased array antenna
with each radiating element connected to a phase shifter;
Fig. 2 shows a typical M-stage phase shifter;
25 Fig. 3a shows a single phase shifter of an M-stage phase shifter in
the "off" state,
Fig. 3b shows a single phase shifter of an M—stage phase shifter in the
"on" state;
Figs. 4a and 4b illustrate the terminology for counting the number of
30  switches;
Fig. 5 shows an illustrative block diagram of a phased array antenna

with a switching circuit and a phase shift unit;



wi th each radiating el ement connected to a phase shifter; Fig. 2

shows a typical M stage phase shifter; 25 Fig. 3a shows a single
phaaseogigsbdot er of an M stage phase shifter in b ddlobossSt at e;

Fig. 3b shows a single phase shifyer of an M stage phase shifter in the
"on" state; Figs. 4a and 4b illustrate the term nol ogy for
counting the nunber of 30 sSwW t ches; Fig. 5 shows an
illustrati bg o r a with a switching
11 st at | Ehabonlsts e Rl i sank s

PCT/ | L96/ O®tg67 shows a perspective view of a portion of a phase control glevice

Fig. 6.illustrate the structyre of hase contr devi ce; Fig.
7 shovvé‘“é CRUHERe MiROR e a’"ée“ﬁ(ﬂfa'?‘gr‘”?f?“ ”b‘f?&ggncontrol devi ce in
accordancefigt 8 sHirveaReRdmang becktdlﬁgﬁhﬁ'%?Btpﬂa@t\!%ﬂfxiréﬂdevxce Fig. 8
shows a schenmatic bl ock diagram of hase control device; 5 Fig.
9 shows a Figrehreshowsial ssbzmtxa@dcmhcﬂmgm Hiustraging iphese campensaa- tion
for a trol e in.accordance th o odi e of the
present! Sntgé £ cofred Gevicd s 1B a§con “E%N\Ag‘ 0 Fmbﬁgbmfa‘l‘ Q/{]‘thﬁl ock di agram
of a plpp@enpgmehqbndew ce with a parallelly connected phase shift
unit; and 10 Fig shows a cascade configuration of serially

connected FhgsH) Showwlﬂélrafd@\/bl@ék diagram of ppirage EmipgdericeTI ON OF
PREFER@E{R ?EI\“ A ntlon is first drawmn to Fig. 1,
showi ng "an Mégu?‘s a (lﬁ\llneecbﬁdo%}f(asighlﬂ Hlngg%ém of a phased array antenna 1, ..

carpri si ngﬂg r blli showg aetewedd sofigurationdsfssgiwlyedoinectdd phast, . . ., N) , eac'.-ﬁ*?-‘-_"’_;_:__
connected via a corresponding phase shifter 4 to a power
di vi deF?’&‘é%S?l‘é’Fe% Since there is a phase shifter connected to each.
radi ating el enment there are N phase shifters, designated by PI

(1=

' DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Attention is first drawn to Fig. 1, showing an illustrative block

15  diagram of a phased array antenna 1, comprising N radiating elements 2,
designated by Rl (I=1,..,N), each connected via a corresponding phase
shifter 4 to a power divider/combiner 6. Since there is a phase shifter
connected to each radiating element there are N phase shifters, designated

" by PI (I=1,...,N).

20 Fig. 2 shows a typical multi-stage M-stage phase shifter 10,
comprising M phase shift elements 12, designated by PE] (J=l,..,M),
reference elements 22, switches 14 for introducing either the phase shift
elements or the reference elements into the electrical path between the in~
put/output ports 20, control units 16, for operating the switches and a control

- 25 bus .18 connected to the control units. Each phase shift element 12
introduces a different phase shift in the current flowing through it in relation
to a current flowing through a corresponding one of the reference ele-
ments 22.

Fig. 3a shows a single phase shifter 30 of a multi~stage phase

30  shifter, of the type shown in Fig. 2, in the "off" state, wherein a certain

phase is introduced in a current flowing through the reference element 22.

The current enters and exits the switch through the switch's input/output




20 Fig. 2 shows a typical nulti-stage M stage phase shifter
10, - conprising M phase shift elenents 12, designated by PEJ

(J=1, ..., MWO9BNS08E of or ence el ements 22, switches 14 for i ntBOHBEFPRPSE t her
t he phase shift el ements or the refarefice el ements into the el ectrical
pat h between the in- put / out put ports 20, control units 16, for
operating the switches and a control bus 18 connected to the control

units. Each piPREE 3hi Qn theeptst hapd, Flg Jbnshoyeruthessinglgi phase shiftem3@ dn shi £ t
in the current yfil oyf Ngafenhdetn ialdiffere) r;ﬂ\raké)i% lptroduéé?l i tﬁ‘:'rc'hﬁrzégt flb@hg'd

t hrough a correspondlng one of the re ence e ment s
Fig. 3a shows ahmiughlthe phasesisifs élbarenSQ”ofTbe mgld pisdsagshifitra3@ cathprises
shifter, of the type sho in Fi state, wherein a certain

phase is .ntroaweéapvha B‘(ﬁ%&&ﬂl?ﬁw&ﬁh?ﬁgli rﬁ*'&‘&bﬂ which cateserve as thempit 22
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31. On the oth S e sh4 Les 3

the "on" stat e%v}\ﬁ@]el nﬁgcpé ?%?ZQ tggrc A@q@t% céd §ugu4¢8?ﬂ
flow ng bhrbluﬂghfthﬂomm@cﬂ mofnheah@mﬁth W citbeits l4mgind $hasherhs fter
30 conprises i nput and two output switches 14, either of which

can serve as th’eﬁl&p‘ﬂl there is QY @ $Inge SHALCh insst CIEGHTY 40) can he dronghtgnios e
shifter isj@i d'ef&?ﬁéﬂ”&lrﬁtact with only a single Cl}-aﬁl 8! ”]nnﬁ’c}ﬂﬁ%lré&forg?gmag@g the

nunber of switches 1s illustrated In Figs. 4a an
there are two shiftesHbe numbereofciwitalics cad rareduced bylrephacingyfts tivat gutput

b, thero i & ofrhetPi & biffnEkd E8pinct pROR Z5olE ST Bores i W% 10
el ectrical contafibinért h Bowyver, mgkchrmintmwl tphdse shifter, Unheh ruged i ianbi- phase

shifter the nunber of sw tches can,  pe reduced by rep | aci ng its two out put
switches with 51"19511%%,1@9!&4{39% %&a& Ieast e PHEhEs, cxierdak o,thephashe

conbi ner. an fftcr sEQ! i’ %g;l%;ﬂealBrleS?aém NG 2154997 A'?ngﬁ)hnthg' Sther

direction app I catl ons, ast two sw tches exte e phas
15 shifter (derd, irmsomcanpplememattqnsh sielt @stinNo. lo@ﬂ:ﬁsgehlgdu)—pdm phise ot her
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shifters of interest can have all in all two to six switches. In thc following
description, phase shifters having four switches will be considered.

20 "Returning to the M~stagc phase shifter shown in Fig. 2, it is clear

that it contains a total of 4M switches. The number of phase combinations

P obtainable from an M-stagc phase shifter is given by P = 2M.  This

relation can be derived by counting the number of combinations of “on” and

"off" states of the M single phase shifters comprising the M-stage phase

25  shifter. Hence, in a phased array antenna, whether it be linear or planar,

comprising N separately controlled radiating elements, each connected to an

M-stage phase shifter, there are a total of 4MN switches and MN phase shift

elements. Furthermore, each M-stage phase shifter provides 2™ phase

values, giving a total of 2N phase values for the whole antenna. In phased

30  array antennas in general, and microwave and millimeter wave phased array

antennas in particular, there are a large number of radiating elements and

a correspondingly large number of phase shifters. A large number of phase



of interest can have all in all two to six switches. |In the follow ng
description, phase shifters having four switches will be considered. 20

Ret ur ni ngva ws/asbe® M st age phase shifter shown in Fig. 2, i®PCraLaso0sds

that it contains a total of 4M swi tches.6 ¥he nunber of phase conbinati ons
P obtai nable froman M stage phase shifter is given by P = 2[err]. Thi s

reI ation can be derived by counting the nunber of conbinations of "on " and
"of f" st at es shiftdrbgirlViled aldve eruanplesii Mt-etage Ghifinrs s hogonlyerebhlsd agechephase 25
shifter. Hence, in aeéghased arr Pstenna whet her i.t be | jnear. or planar,

a

conpri sing Naglesaak %’GEB?RSP‘@I’%@H*‘ QdNHPANCFSe EsAvRdancyin e Gssighc%led to an
M st age phas r e shift
el enent s. ?‘%‘ﬁép%%?eéne)‘;%ﬂl S?gg?@%ﬁlscee%gﬁ‘}%ﬂeefﬂg?%i égag rprgﬁase

val ues, gi VI sbift elements.of 2[ err] N phase val ues for the whole antenna. In
phased 30

prased Sty @112y angugse i BGOSR ool AL UMY LATRR L vave

radi ating el gifpeferaéiits requiredaforod gmqmsse@ |aYrab'8€rxﬂﬁ1mUhﬂ§bpf0\ﬁﬂm@h@$£
shifters. A |large nunber,k of phase VO 98/ 050
PCT/ | L96/ 0006&6t of phase shift eldments that are shared by al the radigting elementshj ft er s

(in the aboveruaphfindl Wy SboAHECHRlY fibSEPb PRAscAMH ol fo hRybilfh of

ant enna. bei ng expensi ve, ntroduc are ancy In e design of

t he phased arswagchemnwtgclumwm ipcesrented Gf the ﬂadr@mgrﬂlMentsaﬁ thephasehl phase
shift el ﬁgents The present invention reduces the nunber of
swi t ches'and Wﬂs@tc’ma shift el ements required for a given phased array

antenna by provi di ng Miéntion is $& dhwRNasEigshi éﬁovahgrmnnﬁxstrhﬁoe dléckshar ed
by all the radiating_el enents. Thi_s |s attained by conpectin the set

of phase shi Ki2girBhehe Phasedsarsgys prienag S50, comprising b sadiating elemaenis A1
connect ed tOd%E'\r%na V&?Rw]%' erwytc%naéaw%dahﬁﬁ@gwagm & c%yt fﬂ%mfﬂ

Attention is no sovmng an | ustrat|
of a phased as rrayummcnmczatcmo ac phauci shiift grnid mthdnelwgthilmgrencth and

desi d by, R, (1=2.... . d h 52
wnion o B nd pnose s iiles R CE B SB5DL R A E MBI 867 g
circuit 52 armh ibventiohe FiRasaligdiidies thel sItnEzﬁer&KQﬁle bh@et duitro] devitiéut e the

hase control device of
P in accordance with one embodiment of the invention. The phase shift unit

di agram

53, in accordance with this embodiment, comprises a plurality of phase shift
elements 62 serially connected by coﬁducting lines 64. 1t should be noted
20  that the phase shift elements 62 can bc any suitable passive or active
components or combinations thereof. The switching unit 32 comprises a
plurality of switches 66, connected on one side, at first terminals 67, to a
plurality of first conducting lines 68 and on the other side, at second
terminals 69, to a plurality of second conducting lincs 70 shown as broken
25  lines in the figure. It should be noted that in the figure the first terminals
67 are shown as junctions with the first conducting lines 68. It should
further be noted that thc-plurality' of first conducting lines 68 does not
physically intersect the plurality of second conducting lines 70. This can be
achieved, in accordance with one embodiment of the present invention, by
30 positioning the plurality of first conducting lines 68 and the plurality of

second conducting lines 70 in scparatc plancs. '



the invention. Fig. 6 illustrates the structure of the phase control device

60 . i WESehgance wi th one enbodi nent of the invention. IIL)§ @Qase
shift unit 3, in accordance with thi s embodi nent, corﬁ) tpes
plurality of phase shift el enents 62’ Serially connected by conducting

lines 64. It should be noted 20 that the phase shift elenents 62 can be
any suitable passive or, activ ... conponent s or,. conbi nations t.hereof.
The switching unit 52 (}Bnitﬁcpglggcg with a %C&?%leﬁ?dwe%w{]&?egvggb%c}ﬁ?\ect ed
on one side, atwi plahed AeBubAhstidliy p@ldl. If desiréd tHedphtd b&ween'thé planes
conducting lines 68 and on the otHer side, at second termnals 69, to

a plurality of caachmdillednwitht 2 dielectniesplace. s Adwnphsaly oddesecopd candustingn t he

figure. It shoyld not ed that.i.n the.figure the fir rmnal 67
ar e shown as | GHES: SheaieR Rundfokslt uppditt i i dhed Bl g freat
further be ot gfandfroni tHe plutiliad of Yirstf conidusting BiREIE8 imthib bpesfié @ntbods- not
physically intersect the plurality of second conducting lines 70. This can
be achi eveent. | A hscewiakesc 86 \are rshom &nlSaimift syne tMlang Aassidg first

i nvention, by %deu?@ﬁé 1in@BigRY b MRatPdINERICKT l‘,oﬁecflibﬁsﬁ webwed E@ﬂcﬁé{'@é 68

. et
and the plurality o second conductl1 ng nes 70 1 n separate pl anes.
WO 98/ 05089 and the second conducting lines 70 is attained by interplane conducting lines
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In accordance WPPhSIPRLeqmnected 18 dhe SEmings qgheAPﬁ%Htt%hgl-ﬁﬁ%t conductipg,,

pl anes ar ejgubgiirRtalatey sRAERInehnit liip@igsitp@dpdAe 73pagcheinvBRNcdsB e fiPa anes
can be filled with a dielectric plate. The plurality of second conducting
lines 70 are drbasechRIrAY.bareicennediedty xagidting JementsHar radiatingared regewying
different 5 t hey. al 4 i ching.l | 8,in
this specific ﬁn%%&qn;émc F@éﬁk&” Thgﬁ%ﬁ%géiééﬁ%G&g?ggsh%s\i\n%att gﬁ'%:c“?na;t‘ he
sanme pl ane as tihputfoutput port 74 mmmhidumtnnegtetitndhe @yrabty ohstcondeminducthg

connecti on betvween e.Sw tches 66 . nd the, second conduct. |.ines 70
o ot vai ned by Tl SR dnieGfile crongupting dies' (15t (R ERFEBY Rl L o
the term ngds G&miNalsathed to the first conducting 10 lines 68 are
switching unit input/output ports 72, which, in the case of a phased

array, are connected tdnremicait? repreparreticsnimber afi phase Fhifh clemenisy prg
ot ot SRl iy U ATaDG Bl b 0he © OOERIIR
lines 70 via i nheMimhieidnahMiestagegcdriveatiofaigthast shifiers essleewadn tFogt hiit d
1s assumed that in Fig. 6 there are N input/output ports 72 and that there are
20  2M phase shift elements 62. Hence, there arc 2MN switches in thc phase
. contro] device 60. Therefore the saving in thc number of switchcs when
using the phase control device 60 as compared to a conventional M—-stage
phase shifter is AS=4MN-2MN, whereas the saving in the number of phase
shift elements is AP=MN-2M. For example, when N=1000 and M=3, then
25  AS=12000-8000=4000 and AP=3000-8=2992.

Fig. 7 shows a perspective view of a portion of the phase control
device 60 in accordance with embodiment of the invention in which the first
and second conducting lines 68 and 70, respectively, are in separate planes.
Each second terminal 69, shown in Fig. 6, is constituted of a pair of second

30  terminals 69a, 69b as shown in Fig. 7 connected by the interplane conduct-
ing lines 80, shown as dotted lines. The switches 66, the first conducting

lines 68 and the phase shift elements 62 along with the phase shift unit



15 termnals 76. In order to conpare the nunber of phase
shift elenents and swi tches required when using the phase control.
devi ce 60vQ98/08082 i nct from the N individual M stage rTEmeswtossal
phase shifters as shown in Fig. 1, it -8- is assuned that in Fig. 6 there
are N input/output ports 72 and that there are 20 2[err] phase shift

el enents 62. Hence, there are 2[err]N swtches in the phase control
devi ce 60. Thmpaf/output heors 8, raye i shavire tounb éocanéd dni ztrcHeppamhplmne" 82, using
t he phase cont Elgr devi ce 60, as conpared to a convenbpﬁnal M. st age

pﬂafse slhi f t erWhereasthe eeond conguching, ngs ageShoxn iy be dogated dn i dpwsr phg;e
" 1 0
S oo g 8 ML bl Bl CHRTPlfer 50 NEAUA0 G Ty e

AS=12000- 800

a. per spect’i veillosratiod ofl thophasencooftral hlavp:ha&ﬂaslunm lm)Fxg 7 and doviot eefed i n
accordance with enb?dl nent  of thgtl nventi on | h the first

second conduci g Al ongataion op the phzse Gonrg §Jev%§Fén H{a%‘éﬁ’?al’“éh‘%h ﬁF‘énes

Each second tgd ghpadeshRBd SiGMtion FESbh fhird SersARt 76 ULRSWRT dnan%a'G ief
second 30 termnals 69a, 69b as shown in Fig. 7 connecte

i nt er pl ane coeanstituted of palrmfghirﬂ ierenigals HaoRab as shiown dul Flig n’ésoniftretedvm t ches
66, the flrst i nes S 62

S ong i th 1 1o SREHAE onducting! FRESS®UTRIL AR AR 385 Bldres B8

PCT/ | }_96/ OOOG@n be, for examprlle the opposite faces of a dielectric &rlatel thh thc

i nput/ ou port 74, are shown ocat inan " ane"

wher eas Elﬁ SIBESRIENE o FRANECTIAG ?‘?“ﬁ@guﬁge“%ogﬁ RASSIHE ﬁhég‘é&%bd‘qlﬁ Q““F‘i’)wer

pl ane” 84. Thﬁréﬁ}'mhc diEReric ?ﬂ@c k@%ﬁ%h ﬂf@ghﬁﬁﬁy df ﬁr@f %&ﬂf‘cﬁdgg inel€

il lustration of hase con devi c hown’in Fig 0 not
refer 5 tdb8 hrd zﬂm phlraldryl efntcapndronduating meHs’Hl grertretdrablgviocated nn

practice, Wmchc desi dor tion ch third term nal
76, shown in .lquara%plarées S0 &aq%%stl IEJ gd"% Fmbtfldtﬁ cFetne atﬁg 76a,
76b as shown switdtieg. 6@andqmae@tsbm elemcntbﬁ”|cmhehsqokma&dcamhjcltomgnlthaes 80.
The upper,_and | ower lg(iane be, for exa

th
opposi t e PaceWPRSE Planf, &ss PW"C%E)I Sﬁ’bm Wetlﬁ“icl‘iéﬂ%' or ek n‘gﬁgi’l’%ﬁ%cti ng
conducting | Im@ax@@rmaﬁm tHH&HGh:mmceﬁmer'ﬂlL&d It should BE%Pfkchh@d

dielectric plate. Although the plurality of first conductin I nes
and the pl ur athat yhepfdigeberen cdnidactdringsi ¢aepomrdtsrie. phefsstitdiiey G6odhe ed i n

phase shift elements 62. the conducting lines 64, and the first and second
conducting lincs 68 and 70, respectively, is not nccessarily restricted to the
20  opposite faces of a single diclectric plate and that the phasc control device
of the invention can also bc implemented by disposing the various
components on a number of diclectric plates arranged in a piecewise layered
formation as is well known in chip design. The distribution of the foregoing
components between the different dielectric plates can vary depending on the

25  particular implementation. '
The opcration of the phase control device for a series connected
phase shift unit will be illustratcd with reference to Fig. 8, showing a
schematic block diagram of a phasc control device 90) having an input/output
port 91, a series connected phase shift unit 92 comprising three phase shift
30 elements 93 designated by PS1, PS2 and PS3, and a switching unit 94
comprising twenty switches 95 designated by SIJ (1= 1,...,4; J = 1,...,3) and
five input/output ports 96 designated by A} (J = 1,...,5). The values of the



separate planes so that there will be no direct contact between them the
SwW tches 66 and ghase shift elenments 62 can be |ocated either _both in the
.15 uppe™VPPY as shown, or both in thg | ower pl ane, or BT

themin the upper plane and the othér in the | ower plane. It should
be appreciated that the distribution of the various corrponents I.e.

the switches 6 shi f ele nts 62 t|n nes
5. and ¢ he f ipase Shifts eairtre Trom the s e Eiemeats WHT bf fongted B psK
respectively, ('rlé—lno'f ﬂeﬂ%iﬁélrih'cYpHa%étshifﬂcﬁ%érﬁ FShe Res rls@RBOaSbh@scfﬁﬁﬁS of a
single dielectric pl’at’® and that the phase control deV|ce

-invention can ofl pd, Is¢c.i rrpl enent ed by di sposing the vari ous ' corrponent S
on a numnber of di-elect es, arranged,.i i_ecew se red

formation as is well (; 8?%63!‘5 Sag%%gﬁ‘afgllﬁqhg'se‘??ﬁ‘%f'? ?f}‘glf 3, Gicrent
foregoing 5 is ikpueangnthe 1bpmwﬁﬂpmt ?@n@nf(heﬁwmccsdmﬁhgcawmpupb@tteﬁﬂﬁan vary
dependi ng on the 25 part.icul ar ntation

operation of tme %Ms@P@GHPBbP“Ge‘W@@W &l“”&nﬁsel’“@s"é’é%'fe@hé@s are 10 Bpase
hi ft t | | f 2hti
shift unit w ibt%?xeﬂ dt4hs 1?;51& \;QS hpdrf 66 SNfhlif tﬁfg%nﬁéc of I&ﬁ\%arﬁ%n;n & out put

schematic bl oc Iagram o se ‘cont rdl evi ce aving an i n
port 91, a serthegobonfieutmd melmheﬁanmngtth@@pcmmmcsﬁ thy phaseecomltrasd e

gzift 30 corerlpre c:g/nts Wﬁ;l gnat ?ﬁgg Pglesé?tﬁﬁ PSS:g’ %nd ailc s %hl n? un|t

1,...,5) apd turncd f)ffV el R4 éﬂ:uirpthte " $ta&g ﬂﬁ%gﬂﬂéji‘(irbbpéﬂ dirkuited
1,..., 5). The values of the
PCT/ | L96/ oooeemd no currcnt passes through thcm In order to apply o current withohase

shifts obtaine h el t p

(K=1, 2, 3), t h Ot Bgﬁﬁgeﬁ&h '%‘P 855&%1’?%5@3 ?vé‘gﬁ‘gﬁsg’qt(wa gh%
shift ofcmsgcd étom the " off" state to the onC@mc)dGSmflmrlyt foeappdk e cfrremtarity
the situation ipn which a current tted at the input/outpuyt port

IS |
91 (hence becd¥ith@Phase PapiR PgﬁrM.onlx wiich 334'is Hyae OF- OPBeRIRET BiRrdsa
wherein cyere JFSh o) ne t
I nput/ out gﬁt %@%@%%pﬁ%h%reﬁﬁt hi’s a@é? b&utg ?lgn‘&{)%?i q’ B) e role
of out put port%\’ltqmsaés(ér# Bi-ng) Ishempkeat i bhouferttheagﬂinsaecuunmrwth a

Seyics 1, il s FSURS ke L0 RANEE GO Hoafo Py MgBHUE] S, o0
open ci rcuit egphase shift elements PS2 and PS3, hence, only switch S‘73 is turned on. In
general, to apply a current with phase ps2+ps3 to port AJ, then only switch
20 82 (J = 1,...,5) is turned on. Similarly, to apply a current with a phase
psl+ps2+ps3 to port AJ, then only switch S1J (J = 1,...,5) is turned on. All
the phases are measured relative to the phase of the current at the input port
91. Clearly, the conducting lines 100 and 102 also introduce phase shifts
and by varying amounts depending on which switches are turned on. For
25  example, if switch S15 is turned on, the current passes through a relatively
small length of the conducting line 102. On the other hand, if switch S11
is turmed on, the current passes through the full length of the conducting line
102. Hence, the lengths of the conducting lines connecting the switches to
the conducting lines 100 and 102 have to be suitably designed to compensatc
30 for the phase shifts introduced by passage of a current through the
conducting lines 100 and 102.



and no current passes through them In order to apply a current with a
phase shift of ps3 to port A5, only switch S35 is turned on (i.e., it is
changed fwo®8/0308 "of f" state to the "on" state). Siml arl ypdwnagpiogs a

current wi th phase ps3 to port A4 Hhlky switch S34 is turned on. In
ot her words, in 15 order to apply a current of phase ps3 to output port
Al (J=1,..., 5) only swwtch S3J (41 = 1,..., 5) is turned on. In order

to apply a current Wl()lneapossmle @ﬂsmedpsta+pﬁ&et @oRfpehsaMon tibeillugatetied
current has toh[%ass t hrau g E ? ?(sg shift el ements, PS2 and PSS,
hence, only sHilcAIAlSaLY 1 fig, § showing ¢ block diagkay of the S‘%’B"’:&’Bﬁﬁ'eyc%té‘ﬂrrent

W th phase psdgiges 9D%h862'htm'ﬁ 8 Neih e Mnléfn"ﬂlﬁfﬁfbn%ﬁ that Phasé éomgénsaﬁ IS

turned on. Simlariy, to apply & current ase 1+ps2+ps3 to
port AJ, thenclemepntsshpé dravelbgen ntrodyced, 1p5t}1e|®ntluctnmlmns cAhnectmg thet he

01 Ot ear Py, ORCEEnad: SMS, Y nbleB BAER eIl ¥ ioclbnSoef R EREL P

and by varyi ngorapensationdeipmiedisntiDé arevio e Nnfiwddt ©hefosarshotvar mem%ing fher 25
exanple, if svmtch S15.is turned on, the current passes throu

relatively only copstiaintebging that theecemsertuptiasa Fompsasaigon b@ﬁ"@ﬂﬁé"@@‘her
hand, if swtg R he full
length of the E‘gﬁ%}é tl}I)e nphash%oh%&ﬂfﬂmﬂ%}cﬁ?_@gﬁ@ﬁ h&0E bP&?ﬁFxﬁtrﬁQF%@%&tﬁ
conducting |ipah b’mg%ctlt weillt be appracidted that thc phacteheompnnismmnngad ibaes 100

i s i 40 octiteded P AEE sHustiE A sb B FOPRPn SRelany. Yuithf BEReng
lines 100 andcdfigensation caW@1€8b03088duced in F:g,s 6 and 7.
PCT/ 1 L96/ 00066

One possi bl e appr oachTh® Rhass soptsph dpdise idnthesinyentin has é&cn illustrated
schemati cal | y. | a m ntr ol
devi ce 90 sho%tﬂl E Q?réﬁlyg?ﬁ%éﬂc@hﬁla%ks}ﬁf P{j@r e(rpizoevsét‘%é ﬁrﬁ segég%nggnsat i on
el ements 106 ¢lgmeneen jalgor b@ltmezdlqlly t:m;mv;&mhiufug nlgﬂ Ishow's amnihm:tanng the 5
switches. .t no hat cLicC ocat t he  phase
corrpensatllaon ‘Z‘pgkm‘ﬂi‘ gl%fbé)tf ?th C(frquﬂqt(gcd' %4 ??Q\ ghsahBWhFﬁy Iﬁoémc@‘cclthe

only constrai pliaskedhify dhinl22 Havog pmuemaa:@meaa@qma@é sRift BRmdnts adgced.
Al t hough the hase nglénsatlon el enents 106 have been i||ustrated as extra

path | engt hs, ‘?’P“W" 0EANINRUYRWRE 13t bortbe sakmpbiistrabon.dhs be

switching unit 126 having switches 128 and input/output ports 129, has been
taken to be identical to the switching unit 94 in Fig. 8. For the sake of

20  illustration, the extra path lengths uscd for phase compensation, as described
above, have not been shown in Fig. 10). If desired a parallel connection of
serially connected phase shift units can be formed. This can be done, for
example, for the serially connected phase shift unit shown in Fig. 9 by
connecting the input/output ports 91 in parallel.

25 In situations in which a large number of input/output ports of the
switching units of the phase control device is required, it is sometimes useful
to use a cascade configuration of phase control devices. In other situations
it is useful to connect phase control devices in parallel or in series, or in a
combination thereof. To this end a phasc control unit is employed from

30  which phase control devices can be constructed. In other words the phase
shift elements and the switches may be partitioned into phase control units,

the phase shift elements in each phasc control unit being electrically



10 effected by any suitable phase shift conponent. Simlarly, suitable
phase - conpensation can also be introduced in Figs. 6 and 7.

The phase cWi98@508%cvi ce of the invention has been illustrat &FTILIC000GG t h o
serially connected phase shift unit. Howevidr ~ t he phase shift

el ements can also be parallelly connected. Fig. 10 shows an illustrative 15
bl ock di agram of a phase control device 120-with a parallelly connected
phase shift uni tinisTgonpsgted)andihe sveitehes dn sackt Phasefivate] ynitieing elestricallyos

comonl y connect | . . r j HonR,
he vt critieseanEbhd Ry 3 sRcht s bR ind Some s ohlrbh Bhit Aand
129, has been the pliaskahift eldmerntsi¢idresfal to the switching unit 94 in Fig.

8. For the sake of 20 il lustratian, the ra path. lengths used fo hase
conpensation, as descri b@d’_ascadre coﬁﬁS\}@,‘mﬂé}?ﬁ’ﬁﬁg‘H’é@%“%gW PRI Péﬁ% | f
desired a pasal | nteANARKE Wtk Ether seriall§dr pdradlelf RBARERED PRASE sKif {thitgini s
can be fornmed. This can be done, for exanple, for the serially

connect ed phase Eigi flil shaws andllpstrativei block diggram of acesseads: configyration of

I nput / out put port,s 91 i rallel. 25, Al n.si td in ich a
| ar ge nunber of R}}?Sgtc_fjgﬁf) Eﬁ?@p‘é’?‘%‘ss‘%? l_l¥ ﬁgnnectc.:d pg%ctsg}{fhéﬁﬁmgﬁé@gfar? ﬁ%r
phase control deptiase téntrelduinited140,t 168, sK8MEtande 005 bkiprising rebpedtbelg
_cas_cade configuratjaon of phas% cont rg& d&\g geg.v,l n ot het[ es; tua/t i ons .

it is useful to THHAHUEE Yl cdRer 682 aBYIVehavipGHERsREFiEe BPul/RusH iROsts or
In a §6M0I N1p 11¢a 4RErRa104T Ankl @Fﬁs@ﬁﬁﬂ%ﬁﬂaﬁm,%&t 186, 4l 206 Ravin

enpl oyed from 30 whi ch phase contr devi ces can be constructed. In gt her
wor ds t he phase respectivehinput/ettpnepers aAd, 16k 18Viandh¥y. nble npup’aptput iponied

i nto phase contr uni , t he. phase shift nt,s, 1N hase
control unit bei%‘g4 &?eélfarslec%qqtglol tits “W) ﬁgl %g’élgglcgn% e Corrggpcé]n(ﬁnf if

PCT/ 1 L96/ 00066 put/output ports 147, 167 and 187 of phase control units1IU0; 160 and 180,

i nterconnected and the switches in each phase control unit being
electrically respeqIvEbANRBEVEd, In g wqqﬁgmlmnmf@mh@wiér@m@twase
control uni §5andpkoiyelve jdpgfoBifRs Cperd filuae! RIETLE 18£7£0 connected to the

A cascade configuration o% phase control units can conprise phase 5
control units wrnadiatinghelemests ¢fi thy phesqshamay ehfepng,cimddopetopiput poghi( is

Ot on ot PR By ADUEOGA] O AT BEGE Tre,
shift units. Shgowasarshift auits 146, 166 and 186 may or may not be identical, whercas the
phase shift unit 206 is, in general, different from each of the phase shift
20 units 146, 166, 186. In one particular application, thc phasc shift units 146,
166 and 186 give risc to small phase shifts, e.g., 5°, 10° and 15°, whereas
the phase shift unit 206 gives rise to large phase shifts, e.g., 30°, 60° and
90°. The cascade configuration of the phase control units make it possible
to produce phase shifts that are combinations of the small and large phase
shifts.

tJ
n

In another application, the phase shift units 146, 166 and 186 give
rise to large phase shifts and the phase shift unit 206 gives rise to small
phase shifts. Fig. 11 illustrates only one possibility of a cascade configura-
tion of phase control devices, which clearly is not restricted to that shown

30  and can be with any number of input/output ports and any number of phase
control units. Furthermorce, Fig. 11 illustrates a single stage cascade

configuration which can be straightforwardly generalized to multiple cascade



phase control units 140, 160, 180 and 200, conprising respectively,

swtching units 142, 162, 182 and 202 having respective input/output ports

10  144,wo06dps50884 and 204, and phase shift units 146, 1669c13/ﬁ§6/06b@ﬁ 206
The

havi ng respective input/output porfs-147, 167, 187 and 207.
i nput/ out put ports 204 of phase control units 200 are connected to
the corresponding in- put/out put parts 147, 167 and 187 of phase

control uni t scotihurd®ns2nOthkddseful embodBRBRS ida¥ HeYoondFudbe) rek?mkh&e
specific application of a phased array antenna 15 the twel ve 1 nput/ out put

ports 144, 16y sakingdhe theeecphasecandral ainitsel40, 160 ati180iang elketmzally of t he

phased array 0P tput. p 20741 S .the.radio
frequency i np%gg?g%tﬁgg]r t]{?o‘!’rrh %ﬁ%‘ §g§8a erléFb'svvi hcegf’ nedm&?ﬁ’f%ems]'ﬁée not

phase shift umstriciddifo thfeé eoiralSniteyr o6 dvaltohahitbavitllghase dhift Whaseas the
phase shi gt uni t l206 IS, idn q:en ral, different fromeach of the phase shift
20 unitg 14%mallygconnested, \ Tyrthepmpre, thess embordimants srn becopptasetedhi f t
units 146,  from a66mBiHti j i t.o : ' : S[err],
10[err] and 15[ er r}, \/\herlggg)fq)'h_we &ltnﬁgmﬁﬁlé%remgm?ﬁgégf%ééagg\%ggal’rwse to

| arge phase s#inmestedephgse sBift umity and jomacparaliclly @0medted phase shi€t units.

configuratio . C role unif.s_mke i.t possibl e t.o produce
phase shi fts%ﬁéaf) érggelpgg?’r&fﬁgg (it'ag%sf%&a{lﬂ[és g@ﬁﬁm é’ﬁa O JpYE ‘ffHQEéeﬂﬁuy
shifts. connected phase tonteslairissrshapml incRigi Pheart be replase tﬁhﬂﬁrﬁllb’ﬂ‘ﬁfv ts 146,
166 and iBG gi ve rise to, |arge phase shifts and the phase shiftt unit
206 gi vedVri sonpgctedahase controhuae shifts. Fig. 11 illustrates only one
possibility of a cas I : ekl Q0 kces,
which clearly is not res lr%%}{tel%’gmt }éatsgcgv\(%' C&gﬁgeéc%ga&{eg%&rgﬁggny
number of i nFEnewiepty, pot tis shodldarhe mudbestoodf titaserious altecaitinsohndini ts.

Furthernore, Fj G 1L | tyates a.single st.age cascade . ___confjguration
whi ch can be rg?glgllcéé?#l%lrﬂ% (o '?aé%ﬁ“éﬁ‘ u?ggﬁdrilﬁgﬁiﬂ"?i}bq%m@hg&é‘i?@c of the VO

98/ 05089 invention as hereinafter claimed.

PCT/ 1 L96/ 00066 - 12 -
configurations. O her useful enbodi nents can be constructed, for exanple,
by taking the three phase control units 140, 160 and 180 and el ectrically
connecting themin parallel or in series. These enbodi nents are not :
restricted to three control units or to control units with phase shift
units 5 serially connected. Furthernore, these enbodi nents can be

const ruct ed



froma conbi nati on of phase control units with some of them having serially
connected phase shift units and sone parallelly connected phase_ shift

units. WO 9508ane is true of cascade f%r mati ons wher ei n &8yt e of
the serially connect ed phase cont rol}3umits shown in Fi g. 11 can be
repl aced by parallelly 10 connect ed phase control units.

The present invention has been described wth a certain degree of
particularity, GLAIMSshoul d be understood that various alterations and

nodi fications may be nmade wi thout departing fromthe spirit or scope of the
i nvention as hereinafter clained. WO 98/ 05089 )

PCT/ 1 L96/ 00066 1. A phase contro] devicc capable of providing-a plerality of phase

CLAI Ms: 1. . A phase control device capable of providing a
plurality of ptadees, comprigigies, conprising: 5 a plurality of
electrical ly i nter eppRRGHiGoPERERically/fntetbAHIRRICH piRAE shift clements; &nd
plurality of switcheS electrically i terconnectedpby a pluralit

y of first
conducting |ines arapmralityroflswitches elastieallycinderoennegtpd bhéé’,l“@é!}/ﬁof)fl[ﬁ‘al ity

of switches electrically connected {o sal Ur al. ift
el ements by  condggting lpes 55%{8 \’55’?‘&’{ P? §°%Wd§°§g'gﬁé‘%£lﬁ%%t5?{rgg& P?%QE%@HO
2 The pRésehes Wédtaitallie ebhisened o6 diidopluralid) aif phade shifeckmenaby

pi urality of phase shift elenments and said plurallty of switches are
partitioned meaﬂsn@f)S?iﬁéé‘é@’é)ﬁ@fﬁ%‘?f??@{‘&%‘é‘gplﬁ%e shift elenents in

each phase;gontgol unityye pha é)%bﬁgo?'d%ﬂc@i@b}dﬁn{;%ecmﬂmgtve&ramsiihe
swi tches i n each phase con ro? uni t being elfectrically interconnected

only to sw t chesludlithiof phhee sHifistements mall saisl pluxatity ofwwitchestare ppritinaedhi f t
el enents of the phase contrql unit,. o e T e phas :

devi ce accor di n§q Bﬁﬁea?%"‘g,“'\mep@ Pﬁhassﬁi%%t CICmC%%H‘s‘éaC@o%%gl&ﬁﬂritog ghgr e
paral lelly Con'\?&ﬁg‘électrically thierconnected Bfd HSAitERBH @hcliphaseacontodnditng t o

Claim 2, wherein Said _phase control units are s [i%\{) connect Eid' 20
5. The pbeing edesirically drigicoangeled ailnde sWliehey wivun BpsE CHHER! of

15  unit and to the phase shift elements of the phase control unit.

3. The phase control device according to Claim 2, wherein said
phase control units are parallelly connected.

4. The phase control device according to Claim 2, wherein said
phase control units are serially connected.

20 5. The phasc control device according to Claim 2, wherein some of
said phase control units are serially connccted whereas others are parallelly
connected.

6. The phase control device according to Claim 2, wherein said
phase control units are connected to the switches of a further phase control.

7. The phase control device according to any one of the above

| )
W

claims, wherein said plurality of phase shift elements, said plurality of
switches and said plurality of first conducting lines are disposed on one side
of a dielectric plate; whereas said plurality of second conducting lines are
disposed on the opposite of said dielectric plate.

30 8. The phase control device according to any one of Claims 1 to 6,
further comprising in a piecewise layered formation a plurality of dielectric

plates, each having front and rear faccs, and wherein said plurality of phase

O



sai d phase control units are serially connected whereas others are

parallelly connect ed. 6. The phase control device

accordi ngwoes/edoss m 2, wherein said phase control umcraLgg@essonnect ed.
to the swtches of a further phase comsrnidl - 25 7. The phase control
devi ce according to any one of the above cl ai ns, wherein said
plurality of phase shift elenents, said plurality of swi tches and

sai d pl urali tshiftfelémests, saiddslatalivg dfiswdschas,esaid phosbty of fisstecomiddeting of
a dielectric plate;, whereas,.said plurali of second ,condugti i nes are
di sposed on tlﬂ‘lfsc%'ﬁosﬁ"? BF‘H?hga‘?%e&%ﬁ’ &8??&‘3/‘3'% liges arggispoged on the facgs o hase
control devi ¢sr a8 FélepwictplagQy one of Cains 1 to 6, “further

conprising in a piecewise layered formation a plurality of dielectric
pl at es, each %havi ng fFlnphasedcondead desinesaccardingite ary of 4b¢ aboveiCldimsy of
gg‘%}sﬁ_% / 600Y5\%)tlgr86€nogz?i%9plurality of phase shift elements are serially coppected. Sshi ft

el ements, saig),.pl ur alThe/pldse Tohireh@svics accbrdingraalyidf)Cleimd 1 k66, wasuct i ng
lines and said plurality of second conducting |ines are disposed on the

faces ofsaiGplurality et phase ghifitdements are garallelly compgeteghase control

devi ce according to any of the above Cains, 5 wherein said plurality of
phase shift elenments are serially connected. 10. The phase
control device according any of Clains 1 to 6, wherein said plurality

of phase shift elenments are parallelly connected.

AN



