Power Array for H gh Power Pulse Load FI ELD OF THE I NVENTI ON Thi s invention
relates to pulse | oad switching power supplies that is particularly
sui t abl e WwenoswsRgzded phased array radar antennas. BACKGROUNL s/ dd1662
| NVENTI ON Sone types of phased array antennas require that a | arge nunbers
of antenna el enents be activated sinultaneously. This, of course, denmands
significant power, which is provided by the main system power supplies. The
i ncrenental contribution that each antenna el ement nakes to the conposite
beamis, of course, a feature of the antenna design and so it is possible
to determ ne in advance which antenna el enents to energize and at what
vol tage nagnitude in order to achieve a desired beam steering and tracking.
Each antenna el enent is ' ' width to be
transmtted so that the@gﬁﬂ%ﬁ?%gﬁgy hgggg‘% ep;rglnsgqf'ggdt he tinme period
when the antenna elenent is active followed by an inactive period when the
antenna elenents are waiting for the next transmtting pul se. However, the
sudden éurrent surges thus consuned when the antenna el enent becones active
pl ace a severe demand on the system power supplies. It is therefore clearly
desirable to energize the antenna elenents in such a manner that the
current surges are reduced. It will be apparent fromthe foregoing
di scussi on gk OFRCIPHENNVYR TEORENt Operates as a pul sed or sw tched | oad
which requires a large supply of power intermt tently. Conventional
sol uti ons usi ng ThyY ine&itive RS toPuBE Icdpplilchmgipoives vapplies ki h mirticidglye to
avoi d the output voltage dropping during the transm ssion pul se and
ref | ect i ng Stiablg o aspivihasedotayradas 3nNR3S- t he mai n syst em power suppl i es.
The ripple current in the current supplied by the main power supply can
cause high radio frequengxginterference RFI which is reflected on to the

|

mai n sufpl BAGKGROUND OF THEANVENIONsed. The circuit that converts source

oo YOl O g B EEACe] 2ST B D BEORR he Sh S
al though t ReLenar Be SRUCLEBE MYRAHSUMNOTNRN bRLLARS; dé-rﬂﬁncﬁuﬁgni‘ﬁ%ﬁ{e}%&%r,
normal |y converts the voltage down so that the output voltage of the
converter ivdidhoiagrodiderhbyt the mawp sitstenn powerssuppliesh&he mevemmantal chptribufiercthet d
that is eqlél:géh Eu(l)teﬁrbaee eyr;[ t%}la(f(lease S fthe:[ ngposite beam is, of course, a feature of the
15  antenna design and so it is possible to determine in advance which antenna elements to
energize and at what voltage magnitude in order to achieve a desired beam steering and
tracking. Each antenna element is energized according to the pulse width to be
transmitted so that there is an instantaneous demand for the time period when the
antenna element is active followed by an inactive period when the antenna elements are
20  waiting for the next transmitting pulse. However, the sudden. current surges thus
consumed when the antenna element becomes active place a severe demand on the
system power supplies. It is therefore clearly desirable to energize the antenna elements
in such a manner that the current surges are reduced.
It will be apparent from the foregoing discussion that each antenna element
25  operates as a pulsed or switched load which requires a large supply of power intermit-
tently. Conventional solutions using switching mode power supplies for such a load
struggle to avoid the output voltage dropping during the transmission pulse and
reflecting the load power requirements to the main system power supplies. The ripple

current in the current supplied by the main power supply can cause high radio frequency

30 interference RFI which is reflected on to the main supply source if it is not suppressed.



switch. Duty cycle is the ratio between the duration during each cycle that
the switch is ONto the total tine between successive pulses, i.e. the
period, iw@-206ddk30pere: V 1IN = i nput voltage; VOUT = i npgt/sbsaes: d Duty
cycle TON = Time when switch is ON TOFF = Time when switch is OFF T = Pul se
period = (TON + TOFF) The Boost converter converts the voltage up so that

t he output voltage of the converter is Hhgher than the input voltage by a
factor , where d is equal to the duty 1- d cycle of the switch. Since d is
| ess than 1, thiThefccti®nthdtogvaat @urdehiaputlvoliape Dliso pulsedAE fsrlominhes a
foregoing di scussion that regardl ess of the type of conventﬁr thaégi ,

enpl oyed, tSHECHNE SORVEHST PLYBDPE: CPRETED RiaTich %qege age Wi BHIRGRRldyPesh %Et y
cycle of t sw.LGh. | : ey Mo} e i mply
by cont rol g "PRE  2fieh Betd e FRERLIBAC ) Moo [HEPPYAL Lo0RSt ]
achi eved usiongalputswents thehvoltaghudlavin om thaPiie autpus onttags off the cpuNester s ldwir
during which the.swtching voltage | se.is . .Since th eriod, of. the
S t o Ao o g et doie fong et tRup ot Fgioah B AR ST Bt ne
ON time Vars'w?t%h.tlﬁ@yqy«w iSMe!r8ti@ betwden MY durfidACiu¥Rb B8 cy diSHRP A shARR TP

di scl oses a nethod”of controlling a swmtching element i'n a swtching

regul at or ¥V the tigtpl imebetaveem slancessiveeulses,Hi@dthefpedoditireol | i ng t he swit chi ng
el enent conprises only switchi ng t he SW tching el enent during predetermnm ned
time intervals, the predeternine@”tTﬁé nterval s advant ageously being
sanpl e intervals of apul se repetitioff,j ntervg] of the radar. Thereby by
havi ng knowl edge of the tine intefvals The s cp:i ng elenent is swtching,

being able to renove or dimnish any 1nflu&hce®fhe switching can have on
the qualityyiRte:recei ved signals and subsequent processing of these signals.

10 Vv = input voltage;
Vour = input voltage;
) = Duty cycle
Ton = Time when switch is ON
Torr = Time when switch is OFF
15 T = Pulse period = (Ton + Torr)

The Boost converter converts the voltage up so that the output voltage of the

converter is higher than the input voltage by a factor ﬁ , where & is equal to the duty

cycle of the switch. Since § is less than 1, this factor is. greater than 1.
It thus emerges from the foregoing discussion that regardless of the type of
20  converter that is employed, the output voltage of the converter is a function of the duty
cycle of the switch. This allows accurate regulation of the Voltage simply by controlling
the duty cycle of the switch voltage, and this is easily achieved using pulse width
modulation, PWM to control the pulse width during which the switching voltage pulse
is ON. Since the period of the switching voltage pulse remains constant, adjusting the
25  pulse width of the ON time varies the duty cycle of the switching voltage.
US 2004/178950 discloses a method of controlling a switching element in a
switching regulator power supply of a radar. The method of controlling the switching
element comprises only switching the switching element during predetermined time

intervals, the predetermined time intervals advantageously being sample intervals of a



US 2004/ 062058 di scl oses a power conversion unit and nethod for efficient
conversion of power for one or nore variable | oads such as a radar system

Power hawyp@o@/dsbdest formis supplied to one or nore poweh/ERONEF1§620N units
(PCUs) connected to the one or nore variable |oads. The PCUs are adapted to

convert the power fromthe first formto other forns suitable for use by
t he conponents of the destination system-Based at |least in part on a
predi cted | oad requirenment of the variable |oad, the operation of the PCUs

can be contpulselregttition ptemwabef theifddar iThetebp bywhaving knb@ledne obthenimiccintcovals at
the approprjate time while mnimzing wasted power generation,

deact i vat i e awijchirg @@g@ghisymgdaﬁ?%@bls I EEPRUSY JIRIHEWREY ’é‘%g&?ﬁﬁ’f‘? on or
by acti vat 'swtcﬁﬁgscaﬂumav@%me' @gﬁ@tagﬁ rdddiRaVE naw%gygwskﬁign@ﬂ?@g%géﬁmkl Y,

based at least 1n part on a pr ed tenporafy change |
requi r ementtbgsetsigpaBCU can change its output voltage in anticipation of the

t enporary change d d.requirenment, such.as hy increasi t he. out put
vol tage’to provﬁé%ag(ﬁfgﬁﬂoggaﬂlsci‘%ﬁ GyPTEt HEVERE P! %W&ﬁ?‘ggﬁeeﬁéﬁg
during a t QERArSbY JfNFvRASBr bie RP\MEdre GARSHIPIAM sih 42Ya Ffak @9stkMT Polier

out put voltage during a tenporary decrease in power consu%)él on. US Pat.

No. 5, 418, hedingjadsbloas insupphed toraneswweere powdr eryRrsiasrunits (RiCHs) epgnesiedni cs
| oads such S| 7 0 is
desi gned. t 45 BishiteXir e EREe AhaB b CET aRCBRS baer e bR e o o
the | oad puirsi fognwhiokler tfhenst stible der usef byt the dofgdnéris of tHeadestiimtion sg§tem. The

pul se controls are designed to sinulate any type. of pulsipg.scenariqQ from
si npl e 1Pondaseshetlgrst & pEbPY aﬁ’EFdéﬁS%lloéSl rf(qalenemeﬁf of the ypnighle &ae £ 8PERHPN at i ng

i ncr ement alclypag-aRRLL $8 bR fA%o" Hﬂ&@' Gt BMtoAhE IohE R REIE WaRls hpdar
load). IL f 1 4§ ent%}tll eglo"c%ntrgllﬁe pO\?\}él‘ sup ?‘;’/V ar(l)d rré)tﬁc())d orr puﬁ gg | oad"
by the sanehd apmnpmate tofie whde pningeizingappited aowon genmedatianl leyd ddvotivhtinigl an 007

in the nane of the ent .appljcant discloses a nmethod and a contralled
power supplesssaBy B AR P ieCegte 4L BEYEREPRImPIOR 2 Bhachafipadcls
switched | @@aflnyiaa mcie@bd a0BoWES EsnsAmbtioh.Y RUSibhMIyE Masdd hiuleast Rypat hod age
capacitor. Based on a predetermned current that is to be sourced by the

| oad dufi n@resicted temporpiorehange of the leed redvinementsc the, PGH cancchange dupopnt i s-

Acomput ed ato o ROuhlififoh St h HForkS) HAREe FIRE YAk rellHRG AR ve
increasing the output voltage to provide additional energy to the one or more variable
loads during a temporary increase in power consumption or by decreasing the output
voltage during a temporary decrease in power consumption.

20 US Pat. No. 5,418,708 discloses a constant power load bank for simulating
avionics loads such as pulsing radars on a 270 VDC power system. The load bank is
designed to realistically simulate an active aperture radar with 0-100% of the load
pulsing while the remainder of the load is either on or off. The pulse controls are
designed to simulate any type of pulsing scenario from simple (one control signal) to

25  complex (multiple control signals simulating incremental load application and removal
such as an active aperture radar load).

IL 181843 entitled “Controlled power supply and method for pulse load” by the
same inventors of the present application and filed March 11, 2007 in the name of the
present applicant discloses a method and a controlled power supply for supplying bursts

30  of substantially constant voltage to a switched load via a voltage reservoir, typically
constituted by a storage capacitor. Based on a predetermined current that is to be

sourced by the load during an active portion of a switching cycle, an average current is



switching cycle to ensure that sufficient energy will stored in the storage
capacitor to supply the load w thout conpletely draining the storage
capaci t orwoQComwadspesous energy is fed to the storage capaectrar2d$/0@662
substantially constant current equal in magnitude to the conputed average
current. The conplete contents of all the above references are hereby

i ncorporated herein by reference to the™extent that they provide useful
background. However, since the present invention is a specific application
of the powepmputepltiatdbealditizefddito the valgpe4eservaii diringsn ireictiye porier of the

publ i shed, the .rel evant detai of.1.L.181843 will be described .

subst ant i alSPeRiag t%flf:pﬁ’ SB5YE dt‘% Sﬂffb“\ﬁ"a gneérggdwm Sé?rgﬁ%n glheaﬁtf)faﬁa CHRAUPT Bt i on.
In the rel ahgsly it loa@Witheht dokdpl@Elydraihidg th§bitag® EapaddRoh Coatingdu Rhitgl $s Used
to filter the radio frequency interference so that RPI is not reflected on

to the nai hekioppt ytosaggreepaciivhpin sybsiaptaliheonsiapbeustent equahin magnigidedg the

possi bl ¢ al . m_pl.she conduction | osses related to high root nean
square ?RN@?ggg%§32%§ aﬁﬂ%@? whi ch reduce the current delivery capability

of the supply sdiecemplonentents sfaththa aBovet refergnowedre hapebly\indosparated herein

conventional circuits for supp]yi power as_.intermttenf current bursts,
the sudden%bf Jefessicedg rtg? CIX?PFéIE%stR%h p{qYéJq pwgulg%ggwgng.ugagﬁvgnamce the
interm ttent.ugli @&ﬁiohqg%?éc?ﬁé aflichién bf €-po ﬁgupfgy' YedtriBBd Bm,emms,it s

are being supplied, the RFl -filter becones bul ky and expensive. Fig.

shows t he tvdpahi bapynasfyetq beonpehlishahdhe mi¢vant detailpofdy 1818981 willabe dgsctibed or

feedi ng _DC power. to antenna elenents 11 o phased array. antenna and Fig.
2 is aqf) ablsgbsga?%\?ﬁﬁﬁer %W’c,s&as E)%Pré)ﬁ’éjtseélrcgmé’ieé%zieﬁ%gﬁlgvﬂ%f‘f{lﬁé’i?& power supply
array 10. In orggkhd Rladonmt, 0@ RFT Al& at $HeSinpit bk podRr kUt is ubed @b filter
directions, four antenna arrays are EFOVIded each on a respective "wall"

12, there s rgiofiequrncy inerfegance s HhaiuRFhisenesf reflgeted yogy tnthgsmaiapsupphed
above. Eac I\ 12 ¢ i i . r i 13
fhat arc oniSr EsGER HeIFRE R 81 ach bk PAR PRI oAb, o
hi gh vol t agess¢seretatdd ©cthighrood eagaqiliae RNASY cadréritwabies,swhich nednowvre cumept | es
14 via snoothing ca apit?rs 15 coupl ed _at the output of the hi B"V0|t ge
pover sappldekéery SapaRHitRE e Seplesoprer HaREwTy Y ?%@éwrtplbap@ero%upg ISP
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current burst reflects on the line causing sudden and intermittent voltage reductions on
the line. When very high power bursts are being supplied, the RFI filter becomes bulky
and expensive.

20 Fig. 1 shows the topology of a conventional prior art power supply array 10 for
feeding DC power to antenna elements 11 of a phased array antenna and Fig. 2 is a table
showing typical parameters associated with the power supply array 10. In order to
provide a radar system that can track in four directions, four antenna arrays are provided
each on a respective “wall” 12, there being one wall 12 for each surface of the system as

25  explained above. Each wall 12 comprises an array of high voltage power supplies 13
that are energized by the system power supplies and each of which feeds high voltage
rectified DC voltage to a plurality of switch power supplies 14 via smoothing capacitors
15 coupled at the output of the high voltage power supplies 13 and which serve to
reduce voltage ripple of the high voltage power supplies 13. Capacitors 16 at the input

30 to each of the switch power supplies 14, which may be located remote from the high
voltage power supplies 13, serve to decouple the switch power supplies 14 from the

high voltage power supplies 13. Each of the switch power supplies 14 has a respective



vol t age power supplies 13, serve to decouple the switch power supplies 14
fromthe high voltage power supplies 13. Each of the switch power supplies
14 has a wepeaissaseout put capacitor 17 that feeds volt ageTiD2$eris@specti ve
antenna el enment 11 that serves as a pulse load. Fig. 2 is a table showing a
breakdown of the operating paraneters of_the power supply array 10 shown in
Fig. 1. Thus, starting fromthe bottom™of the table each wall 12

accommodat es a single phase array antenna, thus resulting in a total of

f our phase oatpuhyapasitenhathat eedh voltagente the oespegtiveginteprny gleswent 41 thaisgrves
vol t age power ssgqli s 13, thus resulting in a total of 24 high voltage
power supplaisgéjlﬂlJ %%ach of the 24 hi gh vol tage power supplies 13 is coupled

to 27 sw tch povkg. BispplabRshdwingthbieakdsul 6f thg obérating pirametts 68he poikee h
power supplies 14. Each of the switch power supplies 14 supplies 16 antenna
el ements 1B5upply@&ray d9uhpwadnitig.d - tlbus) stasting drogpths hoiamaoldhe fable sachiwall\ow

wor Ki ng Sdovﬂ Jcrc?rm‘ntolagtseg %%l El,‘% hﬂf?set eaznté a,i thué'resd ih t'c"xattota? xf tfoﬁlj %ﬁa@g

10368 antenna el enen Ires that the 1 nput vol'tage across the out put
capaci t or Hhrrapfantdneasc Maclke of plonfhiun gvadhai 12ciousesnex hegippblyagt pover 8upplies| t3s and

it is also assuned that input. current (lin to egch antenna.ej e t. 11 is
9 anpere, (RESTSWHDE AR RO, qfr%‘hg‘ggo‘ﬁ%l&‘gf Iﬂ%%?'fb)suleﬂehe?égs%\ﬂgtf ©f t{“b gggEﬁh
antenna el gigRRte dohwer ﬁﬂie@qgiié’é‘oupﬁ;'iﬁ%@ﬂ%ziﬁ:g%%egbﬁﬁbli@é’?fﬁhustﬂﬁklﬂtiﬂ@ﬁﬂ% t hat

when the antenna elenment 11 is active i.e. draws power fromthe swtc
power suppltgtall df 648saviteh @oagesypplies 14.Biagh af e sovitsupoygr amphesaht supplieel @rent

11 is 7.8 watts. The outpu ower.. ( Pout of ant enna_el t\1l is
assumed®t o aﬂéen%) e&_%gqngs %gs@& ar° & Fﬁplaénocfyﬁ&%gi a@é‘fﬁ“& G Frggglg' %@0“{ he
antenna el efgking do fR6matfie &y bEiRNREMeOft i B%umed Gitat tehéh bNiNet 10368 htenf?h N_P)

is 78.3 watts. Having thus determ ned the operating paraneters of each

ant enna el etasmants il gaukenthatibe iapyt veHagsoreepss S pytputicapacifor d4of dscmsisk our
way down t = t i f i power
suppl i o5 14onfEFBRDoRRER:Ry 143 SLLA: B R BF uRhmc kBl EOER
of each hi glinpobteageamenrelangplly id 9, anipgdes) tlofs requdtingvah inphi? pawer @Pimal) oy of
the conpl ete power supply array 10, Although the results tabul ated in
Fig. 2,15 or/ Sth¥alhieecasn aRisnpt & 81’?8%%1=VO§E% RV OASSINE AP Ay <elea Hii

resul ts ar g dgt i dviRSSHE ditphh erddt® 11NBYctiVOli kagRiws PoWer Hforh e 3RtEANA 'S
270 volts. The output power (Pout_p) of each switch power supFIy 14 is
(

equal to tipewsowepply 14, the average power (Pin_avg) drawn by each antenna element 11 is
7.8 watts. The output power (Pout_p) of each antenna element 11 is assumed to be 20
watts based on the efficiency typically achieved by the antenna elements making an

20 efficiency of 26% since the input power (Pin_p) is 78.3 watts.

Having thus determined the operating parameters of each antenna element 11
within each switch power supply 14, we can now work our way down the table and
compute the operating parameters of the switch power supplies 14. In like manner, we
can then determine the operating parameters of each high voltage power supply 13, then

25  of each wall 12 and finally of the complete power supply array 10. Although the results
are tabulated in Fig. 2, for the sake of completeness we will now show how the salient
results are derived assuming that the input voltage (Vin) to the antenna is 270 volts.

The output power (Pout_p) of each switch power supply 14 is equal to the power
(78.3 watts) fed to each antenna element 11 multiplied by the number (16) of antenna

30 elements 11 in each switch power supply 14, i.e. 1252.8 watts. The input power (Pin_p)
to each switch power supply 14 is equal to the output power (Pout p) divided by the

efficiency, estimated at 85% this being a typical efficiency of a switching mode power



(78.3 watts) fed to each antenna elenent 11 nultiplied by the nunber (16)
of antenna elenents 11 in each switch power supply 14, i.e. 1252.8 watts.
The i nputwpaewerosgden _p) to each switch power supply 14 ipeTAn088/061662 he

out put power (Pout_p) divided by the efficiency, estimated at 85% this
being a typical efficiency of a switching node powersupply, i.e. 1,474
watts. The input current (linp) to eachhswtch power supply 14 is equal to
the input power (Pin_p) i.e. 1,474 watts divided by the input voltage (Vin)
assuned t o supplyDi.e.ol.#%4 watts.sTheainpat bwirery (Siopkta each switde poweresupapadd tior

vol tage | ow enough and avoid Large.currepts. thu King.the input . cutrent

(11 oy *equaaipiobe BRI @FLPF i)'} 477 kv By BEVET idg oI oFELch

hi gh vol t aggsigeto B&IIRIWGI,3thiss vAaae deinkOseldeeedP@REep( tlle%?ad@@'& tvdltageetbv O

each swi tch power sup%lé‘i; 114 mul tiplied by the nunber (27) of sw tch power
W

suppl i es 14npughe 84 QIget enyEenoviBEs Jogpng the inpute cursant 7dmpheadual torhe
i nput pcgwerZI(IP%H%ét% to each high voltage power supply 13 is equal to the
out put power (Pout p) divided by the efficiency, again estimted at 85%
i.e. 46, 817 wat tSimildftg thaputput powen{Pout ip) I dach aighhvditagh peoket agplyp @S

ly 13 i to the | t P . .e. 46,8 17 ts . divided
by Che | npuRUidPaBgEoYY Gy ASKIEES 19 Beh STECY apoer surply LomMise b8t ol y
equal to thgnal k?ﬂ%f%i?@h%é?é’suﬁgl&fspﬂaﬁleee{cﬁlﬂigﬂ‘@\'ﬁﬁaéeeﬁé\bér' fppRf17 iL15V

system (i.e. 115*V2 *V3 ), thu Ing the 1nput current (linp) equal to

173. 4 anper3®,7%ywatisnT haimpnepsweri(Rm_p) tocanh bighstedtage ponaier supplydidtipequabeamer
(Pout _p). of, eac 1 12_is equal ,to, t p r (46,817 watts) f to each
hi oh vt adh® otk PotspiCoRaBd s P dReRiREndYa dban AR ol 5% dt age
power supplqees 7WatisNTE&fpub@irtent ing) 18 eacdkBithgR Vb1t pwer Bl NBUS ePalves
(Pinjp) to each wall 12 is equal to the output power (Pout_p) divided by
t he effici éheinpubBewerdPud pht-c. 9998 1d\Waits ctnadms) by thednputciifaee \On) psymed o e,

285, 742 vetf o R YU bRt 5, SRS op P gt
agal n ass U{}%ﬂre&@ctf@fér P11V Systerh '(‘1%?} {@Kﬁs‘?«n/g Zet%l SR4king Wi faplt &Heﬁtfﬁ[ip}ég each

wall 12 eq to 1,051 anpere. Fina e conpl et e phase
ant ennascorgualsed73.dumpesd. | s, it can be shown that the output power
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wall 12 is equal to the power (46,817 watts) fed to each high voltage power supply 13
multiplied by the number (6) of high voltage power supplies 13 in each wall 12, i.e.
280,905 watts. The input power (Pin_p) to each wall 12 is equal to the output power

20 (Pout p) divided by the efficiency, estimated at 99% owing to wires and connector
losses, i.e. 283,742 watts. The input current (Iinp) to each wall 12 is equal to the input
power (Pin_p) i.e. 283,742 watts divided by the input voltage (Vin), again assumed to
be 270 volts, thus making the input current (Iinp) to each wall 12 equal to 1,051 ampére.

Finally, since the complete phase array antenna comprises four walls, it can be

25  shown that the output power (Pout_p) of the complete antenna is equal to the power
.(283,742 watts) fed to each wall 12 multiplied by the number (4) of walls 12 in the
complete antenna, i.e. 1,134,968 watts. The input power (Pin_p) to the complete
antenna is equal to the output power (Pout_p) divided by the efficiency, assumed to be
100%, i.e. 1,134,968 watts. The input current (Iinp) to the complete antenna is equal to

30 the input power (Pin_p) i.e. 1,134,968 watts divided by the input voltage (Vin),
assumed to be 270 volts, thus making the input current (Ilinp) to the complete antenna

equal to 4,204 ampere.



conplete antenna, i.e. 1,134,968 watts. The input power (Pin_p) to the
conplete antenna is equal to the output power (Pout_p) divided by the
efficienoyoremeusemd to be 100% i.e. 1,134,968 watts. TireTiiDpmU$/ 0@y ent
(l'inp) to the conplete antenna is equal to the input power (Pin_p) i.e.
1,134,968 watts divided by the input voljage (Vin), assuned to be 270
volts, thus making the input current (I7hp) to the conpl ete antenna equal
to 4,204 anpere. Havi ng established the operatin araneters of the power
supply array 10 Having estabdighed: hepaperating  papamesens Q%dk% pevesuwpply ay Vakoés of
t he capacitprs, 15 16 and 17 as foll .ahe en tor icn jtor C
charged to ! S\‘}BTCP%@%@% Wgel %ﬁ%?alﬁﬁé%.tgq@”%ﬁt%casﬁ?glt@%elé g%ﬁf‘ lg(gg?(ré%d by
a power pulfsgow$. anplitude Wand duration (width) t is given by: E = W*tw
(2) Gven that the energy is delivered to the | oad by discharging the
energy stored i nths cagigasiarest infg epaeitpriChehargad to 1voliags Kiis &ivet bial vol t age
, the amount of energy thus required is obtained by: E=0.5*C*{v 2 -Vf 2)
(3) Assdming that for a pul se transgiz@.8¢C*/He all owable tinme tol)estore
the delivered energy to the storage capacitor is a single pulse repetition
interval (PRl), THeichefgteqireddyi £y@derpuldeasddinipditeder Wemt durapion dwidthy gri
source into a storage capacitor, so that the integrated current during a
singl e PR #YABY:charges the capacitor. In this case, the value of the
required capacitor is given by: b C=0.5*(V 2 - Vf 2) (4) This equation
assunes that the efficiency is 100% EBuatff/i*ht practice the effi ci-e(ny is | ess
than 100% and t herefore equation (4) nust be nodified as foll ows: where h
:,;] af Dgi :\f fici enCC)r/i'veA trlllats &%Ieg rggf r1]sI 3e’livle;[edlt(§ tﬁeologc? b}r'] 8lts§l(1jaréirr}gtthel Qne%ghyestg)r%li liI(I) wng
10  a capacitor from an initial voltage V; to final voltage 7, the amount of energy thus

required is obtained by:
E=05*C*{y?v,?) 3)

Assuming that for a pulse transmitter, the allowable time to restore the delivered

energy to the storage capacitor is a sihgle pulse repetition interval (PRI), this can be |
15  achieved by feeding current from a current source into a storage capacitor, so that the
integrated current during a single PRI fully charges the capacitor. In this case, the value

of the required capacitor is given by:

E
= 0.5%(, v ,?)

“4)

This equation assumes that the efficiency is 100%. But in practice the efficiency

20 s less than 100% and therefore equation (4) must be modified as follows:

E 1
YT (V,Z _sz)*; 5)

where 1 is the efficiency. In saying this, it is to be noted that in the following analysis
the efficiency, n, does not refer to the efficiency of the capacitor, which is assumed to
be 100%, but rather to the efficiency of power conversion between the high voltage
25  power supplies 13 and the switch power supply 14 to which the output capacitor is

connected. This distinction is important because when the initial voltage V; used in



the efficiency, h, does not refer to the efficiency of the capacitor, which
is assuned to be 100% but rather to the efficiency of power conversion

bet ween twe 2biogiszasel t age power supplies 13 and the sw t ebTpoweso@egpl y 14
to which the output capacitor is connected. This distinction is inportant
because when the initial voltage V1 used inequation (4) is directly derived
fromthe voltage of the swtch power supply 14, the efficiency, h, may be
assuned to be 100% On the other hand, when the initial voltage V1 used in
equat i on (4juitendd) iy ditethoderived verntthgeobidge: dlethei gytitohapavery supplyeld, shppl i es

13, the conyersion_efficienc i gur.se.is.less .than.100% nust
bo. f act or edtisicrcay nanis B Ekitieg o 4¥ 0% Sl B HURF S ofieh hO Ml Aol 2
we obtai n: JFasedenadiuhon {(4)tindefieguiroadhOwbRatle ¢iths ighovsage okl ¥uppties he
transmtted pulse is | OOrsec width, and the allowed voltage drop across an
i nput capadBt e cemvgryerctisiongy.i tivhich ofireriss gelest thaw00%. mpsy beifagdoredsin. 2ov) |
t hen usi.ng equaty . i L Cl : % it can be
shown tﬁat t he 3§ﬁﬂggg%“@£§“?§§§?? tgﬁéggggy%gggﬁ?pgs%ﬁé&%génF. W have

al ready determ ned that in the power s P}y array 10 shown in Fig. 1, the

i nput power (Pin_p) for each high-v w ¥ _supply 13 is 46(§ 7 watts.
So, by sane reasoning, if the w dth)gf KﬁeVyf ngmtted pulse is ec and
the permtted voltage drop across the storage capacitor having-an initial

vol tage of 270V4H h ' ' 6 : ] [:GLency h
of 85% it can gg§§%%§ﬁkt%g?y?ﬁﬁgﬁgﬁﬁl‘%ﬁﬂgﬁbg?eqS??%gwg%gggggugggggéfor IS
gi ven by. Ipulss o U0lisbe widiBearsit tho dliéWed voltigk @rdprgcredsianGihpitapaditop thatpdé does
not appear disp{eteIY in equation é;) it is taken into account by virtue
of the facto amttialiyeltagaef 7060V Gicn/t5) 24'8) thaneisHIZAAUAHM Y ane BssEming pp| y
13 is , 8 - i1@o ( t ' : i ch
s cqui al ety 0B MRt RubyR T inct R ofthe tetuiich (el Bhldtiol ™
capaci tor 18£230uFt he power supply array 10 nust be rated over 7,000nF at
300V. Each such capacitor is huge and bul ky and there are sone 24 such
capacitors requiWeaayenaliegdydetermiaed ghag i e Roaver swpRrin avay 4 8 gboweieFigs hppl y

13. Likew : ] ' e
of erent 11 5onp e RAPHED) e R W Lol GRP BB bl L0k AR BCRE by
assum ng ararat fredbaingy ifhthef widtioof nhy thagsmsited euilsedist Wopsaohidge perattal 0. S5V
and a 15ns recovery tinme the val ue of ) o )
15  voltage drop across the storage capacitor having an initial voltage of 270V is 2V, then
using equation (6) and assuming an efficiency n of 85%, it can be shown that the value

of the required storage capacitor is given by.

_39,795%100
0.5%(270 - 268?)

UF =7397uF )

It should be understood that while the efficiency, n of 85% does not appear
20 discretely in equation (7), it is taken into account by virtue of the fact that the input
power (Pin_p) for the high voltage power supply 13 is 46,817 watts, while the output
power (Pout_p) is 39,795 watts, which is equivalent to an efficiency of 85%. -

In other words, each storage capacitor 15 in the power supply array 10 must be
rated over 7,000uF at 300V. Each such capacitor is huge and bulky and there are some

25 24 such capacitors required in total, i.e. one for each high voltage power supply 13.
| Likewise, assuming that the output capacitor 17 for each antenna element 11
operating at 8.7V and an RF output peak power of 20W and assuming an efficiency n of
26%, may be subjected to a voltage drop of 0.5V and a 15us recovery time the value of

the output capacitor 17 is given by:



t he output capacitor 17 is given by: The efficiency, h of 26% nust be taken
into account in equation (8) because the power of 20WNis the output power
of the capeciivssdshat is fed to the antenna el enent, whipce/nLives/oosé al
voltage of 8.7V is derived fromthe switch power supply 14. Therefore, the
efficiency in converting the input power_ (Pin_p) of the switch power supply
14 (i.e. 78W to the output power (ZOW'?éd to the antenna el enent nust be
factored in. In the power supply array 10 shown in Fig. 1 where there are
10368 antenna el enents 11 éq_totékhd§one 10368 g&ﬂvgklput capacé$ors are
required. Yet a further dr nggh:gﬁznggp hOQGd#?E 't 71 opol ogy whé€re 16
antenna el enents are powered by each sw fch power supply 14 is that failure
of a switch power s&gply 14 results in 16 antenna el enents bgcom’ ng

i noperative and thfiSlCigReYe BRf 2670 Mt BerntBlet INFARASP R cavRtioRd S hRgsArUle and
shape of 1 NPt SRV R BT ol odie 0P AfckcaBBtidh ikt S RegP B0 bnfind L bGAH ©d. bY

powering antenna el enments that can never energi zed sinulta neously ow ng
to their bevhil the imtislualthge afphd¥iindenveddl fsor tengyvittibf fosvee seprdyl # cThepeforss
suppl i es. weyer, while this reduces the adver effect of suc .ailure
TR P ¢ dBG B R EeE T A PRV BB BLOS HGT RSB PR B iR 1 he
event of a 73V lrtBe bitpd podick CAOWPRAIto SiePtohnd 4lenlednt L B¢ thbreraafinr e be
desirable to provide a power supply array for energizing antenna el enents
of a phase arr aylndhe gawer supehepmayni0shewalindrigi hpdereathgreoarepld368 apteand or s
may be used;and i n i [ f11.ci [ ndependent
operation oeflené%lémﬂalﬁ#glﬁgasg@fégéﬁé guscg% ggpllt%ggéaggﬁ%él%%é&ﬁéﬁ hber of inoperative
mul ti pl e ant ennay&lacfiRhérsdrawbidkewitl gidh ®tiréuif @pbloyy SWheteC b pttemia derppity .
SUMVARY OF THE I NVENTION It is an object of the _inventign to provide a
power skipplaje BeWergd Py cadywyitphAongr supnly d4ns thyt Bilusafaswitshpowst supphs 14
antenna el f : i h oy nd
Ut putcapacy hoyn 6o A Terik Se ARER bt R o PR Bithec®
power suppladvemselgynule mhghitdd and slsaplefof her anterinh ibearenThiy dtawhaokl epag ol sorhe
operation of each pulse Joad so as to reduce the nunber of inoperative
Ul 6. | oad XIS PRaMLgE: b pOUSTI RSB b SR FSBIET U ARBRAY AGY: o
first aspegleo@dly BQ&% MBI} bARg bhSGuAlly HRYingeehiR a%hg Qskrérenit SSHRR!poiwRe
bursts of substantially constant voltage to a plurality of pulse l'oads, the
15  supplies. However, while this reduces the adverse effect of such a failure it still results

in multiple antenna elements becoming inoperative in the event of a failure in a switch
power supply 14.

It would therefore be desirable to provide a power supply array for energizing

antenna elements of a phase array antenna wherein much smaller input and output

20  capacitors may be used and which lends itself more efficiently to independent operation

of each antenna element so as to reduce the number of inoperative multiple antenna

elements in the event of a faulty switch power supply.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a power supply array for energizing a

25  plurality of pulse loads such as antenna elements of a phase array antenna wherein
much smaller input and output capacitors may be used.

It is a further object to provide such a power supply array which lends itself

more efficiently to independent operation of each pulse load so as to reduce the number

of inoperative pulse loads in the event of a faulty switch power supply.



met hod conprising: providing an array of |ow voltage current sources each
for feeding constant DC current at a nomnal voltage to a respective

st orage ocapacidmsseach of which is coupled to a plurali trgTaf20e8wdi6éz power
supplies; coupling each of the switch power supplies to respective ones of
the pul se | oads; storing energy in each _gf the storage capacitors during
both active an inactive portion of a | 048 -swi t chi ng cycle of the respective
switch power supply to which the correspondi ng storage capacitor in

associ ati on w t Aaanhngfto tahfrst \espesh of she rinwmpiph itberefiorprovded mgmeibbod age t o

Cycl o hnd SHIE RGeHD. SeoraBnEmsi ol I apubio S msagetit uf 10,

via the respardd ¥@npisiddie respective switch power supply to which the
storage capacitor is coupled to each of the pul se | oads coupled to switch
power supply durfirengding aacartay of dew tviobageosurrank sousers eogh ferhfeedjng genséant DC .

Accor di B9 88, SRS BTPGTeOl b RELANEY AR chBIG dath BE WS 6k Of | ed
57 4 2 Rt ot & i

power supply Tor supplying btursts of substan y constant Vol rom a
vol t age resenphirality@f awjtthupabertsyppliespul se | oads via a | oad switch, said

power supply including: an_array of |ow vo]tage current soyrces, each for
f eedi ng const anCOBRIRERACB AE therWhCh BARBTUPDFY gespegiivg %gs&bﬁwl@eiqagﬁ;age

capacitor; a pl %{cﬁ‘idgtn eﬁleggeysmafcﬁ fbfnﬂef%r%fe Q)?h&&t%rs(:@&lﬂ{gegoth%cﬁ%:gn Hactipe

storage capacitors pective ones e pul se l'oads being coupled to
each of t hgoswint ¢fha paadeswitthpyg ¢yt obthelrestfectihe switch pgeercsupalyi toowkichaheg

configured for storing ener dur.ing an_inactive.portion.of a |oad ..
cvi tchilfg. EoBFERBRnERorRES e dn S AoB o i e o5 Sh Bt ppplcs
cor r espondifggfestiRpadftage e td Rkpdciive ?u@b g6hddNBRink R RiivE HorRAASE BcCload
inactive; a respective output capacitor in association wth each of the

switch powewitshipgicyels; #ngr f eedi ng vol tage to the respective pul se | oads
A R e
to the respective switch power supply to which the storage capacitor is coupled to each

15  of the pulse loads coupled to switch power supply during an active portion of the load
switching cycle.

According to a second aspect of the invention, there is provided controlled
power supply for supplying bursts of substantially constant voltage from a voltage
reservoir to a plurality of pulse loads via a load switch, said power supply including:

20 an array of low voltage current sources each for feeding constant DC current at a
nominal voltage to a respective storage capacitor;

a plurality of switch power supplies coupled to each of the storage capacitors
and respective ones of the pulse loads being coupled to each of the switch power
supplies;

25 each of the storage capacitors being configured for storing energy during an
inactive portion of a load switching cycle of the respective switch power supply to
which the corresponding storage capacitor is coupled when the pulse loads are inactive;

a respective output capacitor in association with each of the switch power
supplies for feeding voltage to the respective pulse loads during an active pbortion of the

30 load switching cycle; and

the respective storage capacitor being configured for supplying the stored energy

via the respective to the respective switch power supply to which the storage capacitor



via the respective to the respective switch power supply to which the
storage capacitoris coupled to each of the pulse | oads coupled to switch
power suppbyRo@usdssg an active portion of the | oad sw tclricmgLmygb@ss2BRI EF
DESCRI PTI ON OF THE DRAWNGS In order to understand the invention and to see
how it may be carried out in practice, an enbodinment wll now be descri bed,
by way of non-limting exanple only, wirtth-reference to the acconpanyi ng
drawings, in which: Fig. 1 is a schematic representati on show ng the

t opol ogy ofis aoyplédto each of dhwe pulse bypidy campled, tof switthepdvargupply dusioglapaadfivé-i g. 2
is a table show het:%)gi cal erating paraneters for the power supply array

: O; d cﬁg cycl
i | ustrat e EVC8E £XC!% Schematic representation show ng the
t opol ogy of a power supply array for feeding a pulse |oad according to an

enbodi nent he | Lan; ~Fi ' | e showi ng typical operating
paranet ers lﬁglréﬁ ﬁ@fsg?mh%&%y%ﬂ%@‘ﬁ@ rated in Fig.2; Fig. 5is a
DLock. o 20rem SRYAE, 0 NRLLEDRLA ol SAR0 8L BEAPYER BBk agee o no
depi ct ed i rpridtige,Zin dmlghbdifentswidl fovg lbe ldesceibed,i bycwiay oflhagtigiishewintge dalyai | s
of the controlled power supply depicted functignally in Fig. 5, Figs. 7ato
7d are graphitleiefereneste ecampHy IR FRVHES O and vol t age wave forns
associated wth g i j I to a
comon time scallfégelFlfsgm%{%Hsaﬁg r?;?r %&ﬁgﬁ%y‘gﬁn&g tt ‘?1@1‘548? ‘t’%%ﬂ%%a%‘g o?éranr at
the input Qﬁpplymmfm@ﬁng/eppleck)adpnnect ed to antenna el ements shown in
sl ontsnolE e eSS R o P s e S ST
cur r entjpWavgh@aredtie Fid1¢; regul ator shown in Fig. 7d. DETAILED DESCRI PTI ON OF

EMBODI MENTS In the follow ng description of an enbodi nent of the invention,
conponent s t hat Fig. 3 is a schematic representation showing the topology of a power supply

array for feeding a pulse load according to an embodiment of the invention;
Fig. 4 is a table showing typical operating parameters for the power supply array
illustrated in Fig.2;

15 Fig. 5 is a block diagram showing functionality of a controlled power supply
according to an embodiment of the invention for use in the power supply array depicted
in Fig.2;

Fig. 6 is a high level circuit diagram showing details of the controlled power
supply depicted functionally in Fig. §;

20 Figs. 7a to 7d are graphical representations showing current and voltage wave-
forms associated with the controlled power supply shown in Fig. § all drawn to a
common time scale;

Fig. 8 is a timing diagram of the voltage waveform at the input of the DC-DC
converters connected to antenna elements shown in Fig. 7a;

25 Fig. 9 is a timing diagram of the current waveform fed to the pulsed load shown
in Fig. 7c; and

Fig. 10 is a timing diagram of the input current waveform to the regulator shown

in Fig. 7d.



are common to the power supply array 10 descri bed above with reference to
Fig. 1 or serve a common function thereto will be identified by identical

ref erenceypuimi@bsz Fi 9. 3 shows the topol ogy of a powepcsupRb¥oasERy 20
according to the invention for feeding DC power to antenna elenments 11

(constituting pul se | oads) of a phase array antenna. Thus, here also, four
antenna arrays are provided each on a rdgpective wall 12, there being one
wal | 12 for each surface of the aircraft as explained above. Each wall 12
conpri ses ERAIBEDIDESCRIPTIONIOF EMBODIMEBNTSes 18 that are energi zed by
hi gh vol tage power supplies at a voltage of 270V and each of which serves
as a constant Ddn¢he follnwingxdeseriptionroffas edibedineem of thetinvantiowreomponents thak nal

vol tage of 70V.to a.r ective stora acitor, 19 each _.coupl.ed..t o, a

o alrte o SR B IREPS PR BRI ek o RO kb0 B 1
serves as aemelalcdgfnsERMENEH thefety wil 6Y idogki st diestital feerafiteiniaeidlye portion
of a | oad svm'tchi,n?ﬂcycle of the switch power supplies 14 to which it is

coupl edSwhen t heignt Biona the tpeleey of 2 paver pupbt avey Hharcpuling ogpe yirvegtian or ed
energy to %F{eg&hgmp@% g}]&n&alel Hehid9 16(@or?s?ifdtfﬁg p%%fetléa%) G éﬁaﬁe L

swi tching cyc sw t ch power ‘supplie has a respecti ve
out put capaatehos. This} ea¢ alsecfdsr mnérnnageray ateh@ovidsp esthi onea @epeetinawalldZzent 11

that serves, as. a pulse |o The curre sourcgs 18 and, the swi tch r
suppl i es. 14116‘66851@&8{15@ 3 op e itacs j SHEAFEER B RIBRCd thidey %&,\%ﬂfﬁf of
substanti alcb%pﬁ@éksénaéﬁay\éﬁ:léﬁ%ltﬁ’ée SRAAL & T8/ Nall Re BAGRIZENLE AYA WIGRENt 11

(constituting a swtche oad) via the storage capacitor 19 (constituting a
vol t agdor epemeosupplias atdevatagb o 270V ahdvechnefinwhicheerved asiBd@¥BnaPE agrent

repeated in detail.below wth reference t.o Figs. 5 0_of the draw ngs.

Fo s doUEhiy CRTRR G chfRlaRA e ks 81 1y e Rt b ik e

power supplcipaitoA) 926hch duplet toFd Blurdlity ToUSWite powemMuppliesn14hEaétplof ane of

the table each wall 12 accommopdates a singl eref'%hase array antenna, thus
EMPLE9R

resul ting istPregecpagitoss 19 servesisaiseoliage agse sioringgpergy during ap mactiv@l | s
12 houses S§j.%: | OW.V, 8 . ti I | of
24 | ow vol gg%dnpovavel(rald% S%g?lﬁ}élé Eyﬁc@é OE@% ﬁa’gtf%h 3’ ﬁge]tz%?gévsegﬂot‘g%gh lﬁ)tg\%/g?ﬁ@ %‘gm I es
18 i s aeuplvegnt the Ahfermai dlerherpovidr ars Lipgapdtive sanlid fort supplyiees sotddnenergy ao tthé al  of

iogss, sw { L ovel 2UBMl) 83,44 EOED Shethe, BT RISL SRPLSE B
antenna el gRRH Howdr sipples 14 has a respective output capacitor 17 that feeds voltage to the
respective antenna element 11 that serves as a pulse load. The current sources 18 and
the switch power supplies 14 cooperate as a controlled power supply for supplying
20  bursts of substantially constant voltage of magnitude 8.7V to each antenna element 11
(constituting a switched load) via the storage capacitor 19 (constituting a voltage
reservoir) as described in above-mentioned IL 181843 and as repeated in detail below
with reference to Figs. 5 to 10 of the drawings.
Fig. 4 is a table showing a breakdown of the operating parameters of the power
25  supply array 20 shown in Fig. 3. Thus, starting from the bottom of the table each wall
12 accommodates a single phase array antenna, thus resulting in a total of four phase
array antennas. Each of the four walls 12 houses six low voltage current sources 18,
thus resulting in a total of 24 low voltage power supplies 18. Each of the 24 low voltage
power supplies 18 is coupled to 432 switch power supplies 14, thus resulting in a total
30 of 10368 switch power supplies 14. Each of the switch power supplies 14 supplies a
single antenna element 11, thus resulting in a total of 10368 antenna elements 11, i.e.

the same number as in Fig. 1 thus providing a fair comparison between the arrangement



the sane nunber as in Fig. 1 thus providing a fair conparison between the
arrangenentshown in Fig. 3 with that of Fig. 1. It is thus to be noted at

t he out sekotbh@boseareh sw tch power supply 14 operates a $chglLfogndigena
el ement 11 unli ke the arrangenment shown in Fig. 1 where each switch power

supply 14 operates 16 antenna elenments 11. Consequently, in the arrangenent
shown in Fig. 2, a failure in a switch-géwer supply 14 will result in only
a single antenna el enment 11 becom ng inoperative. In saying this, it is to
be not ed t hshbwntihlFég.t3hivith chaaif’ IFyg riefr skt to & witghatf the a»ntsetatﬂnwamchgwmher

t he topol ogy shown in Fi |nvent|on al so ntenpl ates that myltiple
ant enna el supply Aéypg@teéwa%ﬁ e gjtennaglegent 1 jvbi“ﬁ’i‘ﬁ ROHEANZE BRI SROVR. mu

will emergerifr amiiig. Al oing gosetsahAp 1hXpoibi ke bhenfoER oAl
arrangenment Shown in Fig. 1, the invention renders practical the

POSSi b| | i t yCafsequendy. 1ngheearcangsmngﬂ showntie Aiga 24 énlurg 1n1alsvaycha)osvengll11mljs\l\ﬂt ch

power suyppl er,.it is of our easi.ble to t wo tually
oposi ng. anviTsseICRGRA? sinkle aplipfa e nE 1 GREMit RohSiaflie oF stvbfe M0
that in th&o@éqmedoﬂlaﬁwﬁﬁé kHi§ €lehily Eé}ﬁes‘éﬁ\ﬂstacsh RAYEH: aﬂuzﬁﬁégé dvr tidopoldgpi Ngl e
antenna el enment in the active phase arra be adversely affected

Li kewi se, ashewadn EigsWi therdnyssien alsgsenipmp ﬁatwyataéul@@M@nwmeytSpbWayt 0
more than tﬂéosrgagécgpgt rlibg[ég%ﬁclﬁgaﬂgvpﬁ%@f 14" Ifwl%eefn?é? e %%?Gt‘hé‘?&mng”d/ or

are ot herw se d so over a eterroration fo eac
phase ar r aydisogsenq e turlike ahé @ohiontiomdlt atangemertt shopml ih Fi. Wi, [ the bevention mal .
Fig. 41s co gured in an identical manner to g. 2 and wi LI t herefore
not be H’eséFP‘Iféﬁjpliaﬁtl‘H‘éf wosagﬁéy of RAWCIINg ffaehﬁmﬂl:et Hugnngsterpsnt dd by aingle ¢ he
table (TR n n

(const! tut imeRundite SRBLTAA] SR ETRL R 1 R onRE i ao Bt ABmlAly | o
i nput curr empo(mg aptenf el@ﬁmen@rﬂdebe{theemqoemgtel svgtqhalcmfmtseppiydﬂ wathht mrthenna

| t 11 t hi ch t h de d
Sor K our weyetittin FRER Buink SRR SRt PO, 4l & TS Bl BvC e e o

switch powcuwpm&se @frayl Hill bsﬁ@ve@ielyea@&tédomeweag@n@wm&lh PONEE lg)plﬁmt hen
of each wall 12 and finally of the conplete power supply array Si nce

t he resWl t smair be vsgddd aeppdy powey tg.more dheg tavockatenny elemexis Hnthet arp 1rod1fﬁerv@it r
deri Vat ' _on rP%\?lv% zﬁ‘lr [ ‘E%HX/OPS% qt?rrgxﬁ'see e(ﬁ?t\r%ﬁt g Ehali ?h eve}eﬁl gétgr}](gzznlonar eeaght her

descriptio given. e Ehdwn I N H
conpar ed, iﬂha&r’@f@&ﬁmﬁdﬂﬁbnt&b tatfaulghswitth pdARE suppisd &4 willﬁé%ﬁﬁ;)imi ant enna

elements 11 are Ppovve rlsegodﬁnguger(]iemaz{nr %grglt?cqllla rxllga%ngrf toFIIT 1gg 2 and will therefore not be

described in detail other than to remark that the first line of the table (TR) shows the

20  operating parameters of each antenna element 11 (constituting a pulse load) assuming

an input voltage (Vin) of 8.7V and an input current (Iinp) of 9A. Once the dperating

parameters of each antenna element 11 within each switch power supply 14 are

determined, we can now work our way down the table and compute the operating

parameters of the switch power supplies 14, then of each low voltage current source 18,

25  then of each wall 12 and finally of the complete power supply array 20. Since the results

are tabulated in Fig. 4 and a detailed explanation of their derivation has already been
presented with reference to Fig. 2, no further description will be given.

If the tables shown in Figs. 2 and 4 are compared, it emerges that although the

same number (10368) of antenna elements 11 are powered in the arrangements of Figs.

30 1 and 3, respectively, in the power supply array 20 shown in Fig. 3, the input power

(Pin_p) delivered by each current source (LVPS-CS) to 27 low voltage SPS’s 14 is

5,618W and is substantially constant with time as compared with the much higher



1 and 3, respectively, in the power supply array 20 shown in Fig. 3, the

i nput power (Pin_p) delivered by each current source (LVPS-CS) to 27 | ow
vol t age SR 2809183468 5, 618W and i s substantially const anpciiivodbdigs2S
conpared with the much higher46,8 17Wrequired by the high vol tage power
supplies 13 of Fig. 1. Thus, assum ng that the storage capacitor has an
initial voltage of 70V, a pernmitted voltldge drop of 50V and a | COns pul se
wi dt h and assuming SPS s efficiency h of 85% then using equation (5), it
can be shows,817a¥ rdduéred bl ml&bhigh vbRageqspwer 80ppsiieo N d @€ Fipathtgasfuniing dcin
array of 27 SPS's is given by: 5, 618* 100* 0.85 C= 1--, T m
:212.y5nF ( ghe gfornge cemgwor- hasgm initia] pelfage ©f 79¥s & peimyTied ueltagselror phoV and

capacitor 17 . SV . . i of
vy b WOE BERE YN ahE dsHRL SFURRInIdy AR Mgl oo B9 T

t he val ue ahnbbsehowit fHat theaphei dfake fequirsd storaga chyacitdit fok bach @@y SFSIM
Figs. 3 and 4, thgt by feeding constant current at | ow voltage to a storage
capaci t or duUBIVAY®¥he inactive part of the l-oad switching cycle, sufficient
vol tage can be stored to conpletely supplg power to the antenna el enents.
Mbreover, the equival ent input S5eei82:d 005 0. %%wh power sup bi es for a
pul se power |evel of 46,817 V\Tat(;_§*iﬁ)2n_% "6 = 1,668 nF ( a
voltage | evel of 70V) instead capacitor vdlue of 10,23 8nF (at a voltage

| evel of 270V) required by the conventional solution, the stored energy
thus being reduddteviye, asqumipg thapthe gyt cepsgitorrh éﬂ Rah SYYICB PO eERIIPAY hed, we
wll nowd o i r i : i i r [,21 ng
the swi tch e SUgh yOFERR B ity Bediieted ) f folfhe b0 an ol (0
suppl y arr aa@esBntimd thehvatuesofpld otitpg dapacitos 1D1s givdisthyant i al | y const ant
voltage froma voltage source 2 1 to a switched |load 22 via a controlled

| oad switch 23, in accordance w th mnignmbodi nent of the present invention.
In the 10ase where the pulse @ TR Es nd’ el2dbpht s of a raddo)phase
array, the voltage source 2 1 n%?, i&-&‘@x?agpl e, be a system supply bus
having a rectified line voltage. It could equally well be a bank of

batteri es confi dgutled émerpeésottone Fasr 8qatidr édthht be felinign genstatin dunpnt aviova

swi tching copverter 24 (constituti cyrrent source). is. .
g voltage to a storage capacitor durqgg atheD%lactl{ve part of t?le Clogd switching cycle,

sufficient voltage can be stored to completely supply power to the antenna elements.
Moreover, the équivalent input capacitor to the switch power supplies for a pulse power

15  level of 46,817 watts is now C=278 * 6 = 1,668 puF (at a voltage level of 7dV) instead
capacitor value of 10,238uF (at a voltage level of 270V) required by the conventional
solution, the stored energy thus being reduced by a factor of about 600.

This having been explained, we will now describe with reference to Figs. 5 to 11
a circuit for realizing the switch power supply 14 in Fig. 3.

20 Fig. 5 illustrates a controlled power supply arrangement 14 for supplying bursts
of substantially constant voltage from a voltage source 21 to a switched load 22 via a
controlled load switch 23, in accordance with an embodiment of the present invention.
In the case where the pulse loads are antenna elements of a radar phase array, the
voltage source 21 may, for example, be a system supply bus having a rectified line

25  voltage. It could equally well be a bank of batteries configured to provide a required
line voltage. An input of a switching converter 24 (constituting a DC current source) is
connected to the voltage source 21 via an optional input filter 25. An output of the
switching converter 24 is connected to a voltage regulator 26 whose output is connected

to an output capacitor 27 connected across the switched load 22. The switching



connected to the voltage source 2 1 via an optional input filter 25. An
out put of the switching converter 24 is connected to a voltage regul ator 26

whose outwgtrodsisssepnect ed to an out put capacitor 27 conpegiieshodediees t he
switched | oad 22. The switchingconverter 24 includes as part of its output

a voltage reservoir for storing voltage, which for the sake of explanation
is shown as a storage capacitor 28 thatlfs external to the switching
converter 24. The switching converter 24 may be a Buck or Boost Converter
as expl ai nednedrtey @4 ancludencls pdeof dts Dnipuc hivolage resandir Corssdrirtgnodiclgd ywhdciPV\M
switch 29 that is, co trofled b g PWM control l er 30. 2;ghﬁ PVWM contlroI{ler 30
i s responsifPethessake of c&p aqunaée% PRREASh VIQragRIEBPAGIGF 2§ g I§ FXIgrRal 40 dhge

out put vol tsag@hﬁlg@oﬁ@er{eb@@’mé mmﬁ%O@&ivkﬂér ZBmayii B EKVrESoRNEbAEHT | NG
that portion of The duty cycle when the PWMswitch is ON. The storage

capaci t or 28 ekplethed wbbveagmsl ingludhea vwitthige clespnt aonstitgl bywaiFIKMessitehe29 t hat

h I | ' ially.
and thus aord ¢ GoprEaR S B BRREIeRL0 The OBt ERuRIBE RO, s "B 88 25

i's closed. fitkevolabé agferehegWiat Gor 24rying the RXérbEe vatpuaboleage Mpdito BRNSéraps
out put (VICO device and ensures that the voltage across the output

capaci t or Z#PacéiarhswRigh stoser anarayydusisgdbaimortiamerethe dybhexele whers therfckM t he
energy th atswith flﬁeléle\lé qg)% beﬁ%{gggcggg&towg @eetdg Q'Oit%%g Sl g/(gllf'agg :f‘eé}ﬁat&l > Ghhible

effectively supp rage capacitor since, even en f e | oad
switch 23 ieaswtothad thet haltageldcage tiecowpst ¢dpacicurt utencamasibstantidly castinhs

al nost constant. Thus nost of the ener supplied, to the.l .22 enmanat es

Fr om t HE.vand Ay 2Bl atbvide Toieses foa qut aubiet e o it 2Ak ISR | on of
the duty cycle Vﬁl%”vélﬁge LR b6hs 29DCIDENarihbR Spaf a8RtdndRaput QVI@@? t hus
constitutes a voltage reservoir for feeding substantially constant voltage

to the | oadlegize afthenyosscthatsthp pbljagesmcryse the eputeapaitond7 reraaiss substpatially

capaci tor 28 continuously during an_ jnactiyv ort i on.of, t sw. t ghi,ng, cycl e
i "the | oadouirtoiped Sterinhdl dOREN PRI B 0kl F B s o
vol tage i s s§iteh @d id flokdieis sFeéR@s; Spphed bpthedforhge Sdpapitor 28Nsintader2@henir i Ng
an active portion of the switching cycle when the load switch 23 is closed.

Si nce tie pesonrd supph ¢3ds pl@ﬁ@fbr%‘?ol@ge iagrops the iyt fcapaciiap BT JeRRins plgpast

i nterm ttent, qalt #g& Q:#El]s&sthte%nte%g Jupﬁ‘i’e@% thE N6ad Q?.%Ha}{&ePﬁfo&L&@ x%fna%@e
switching cycle is nuc onger tlran e active portion. In other words, the
| oad swi t chto2&l mathe atdrayw chphgitor 28| duringhha paktiowst thadotyycyicte Whers the RAUM

conti nuousls&itgﬂ%gg{sagﬁl{.% (sjtgggg gca%ar\]celtoir r.b%ctthiu\s{econstitutes a voltage reservoir for
feeding substantially constant voltage to the load 22.

20 The power supply 14 operates to charge the storage capacitor 28 continuously
during an inactive portion of the switching cycle of the load switch 23 when the load
switch 23 is open, so that sufficient voltage is stored in the storage capacitor 28 to
supply the load 22 during an active portion of the switching cycle when the load switch
23 is closed. Since the power supply arrangement 14 is intended for supplying short,

25  intermittent voltage bursts to the load 22, the inactive portion of the switching cycle is
much longer than the active portion. In other words, the load switch 23 has a low duty
cycle. This allows energy to be stored continuously and gradually during the inactive
portion of the switching cycle at a rate that ensures that sufficient voltage is stored in
the storage capacitor 28 to supply the load 22 while avoiding sudden voltage surges that

30  would give rise to corresponding drop in the line voltage. This requirement is met by an
average current processing unit 33 that does two things. First, based on a predetermined

current that is to be sourced by the load 22 during the active portion of the switching



portion of the switching cycle at a rate that ensures that sufficient
voltage is stored in the storage capacitor 28 to supply the load 22 while

avoi di ng wodgensysht age surges that would give rise to eeiiEsRgifeg drop
inthe line voltage. This requirenment is nmet by an average current

processing unit 33 that does two things. First, based on a predeterm ned
current that is to be sourced by the 10d6-22 during the active portion of
the switchingcycle of the load switch 23, it conmputes an average current
t hat shoul dyble dfatle ieudt $veitcht 28, dg eorapyas bit @verd@e durrén ghithshounidcte fedngehe
ufficient energy

i nactive portion of the swiftching cycle tqQ ensure that )

will be stcFuEes ﬁp@ﬂ@r%ﬂgg’g tha%&s%tl_@agezsn%vg BRI ffBe PBHENiRE CHIE O
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the duty cycle of the PW switch 29 n the swtching converter 24 so as to
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i npl enent atdegsndly, thé @véraye Blirrdhd prédessify @hit38 @rfrbBMthe AISCORK 8OtHePWM3 nay
be a conputer that controls the load switch 23, as well as the PWM sw tch

29, and whiseitch28dn Herserighing sonystey &f saavtorfeedhefcamputsdicherentda ghexgorgge we| |
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performed ippo@Ssifi@uhid\33.mdy belarcenipused nisarcoitols ehs kadtshétcbQ3c us metltasahe t he

out put of the swi tching converter 24 and current-to-vol tage converter 35
coupl ed®t o AWM ewitchertt. a8 3 fitemipeshs veleede peet F?gtﬁ"e 3@%?% el i's
propor ti ongk i eydBapnE BhdGWilcBPE ned Ml tBUEKiBGEhGWIIERL. Processing unit
33 operates to feed the resulting voltage to the negatiVe input an error

conpar ator 36, WWhesmapwsiihi which rtpetrequredocomtiol eff the savitshingnebnveiterage is

ref erence, VREF2-. The ror .conpar at or t hus ,produces at jits out a

i anal |t na@eTENasd Grisd T oA PHETTRGr Shetpotiasn ey it Bdbe a by
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feedback signal for ensuring that the switching converter 24 operates at a

desi r edScorseent4 prdueena correspandinaivolisge thit isrpportievahbahgroeassedicyrrertd to a
L L o
connect ed tmegithe iapar @agerrcragpatpaiaior 16). whdre pogitigbtinpg isiebhinededt thussdcendi ves
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that is a function of the difference between the current produced by the switching
20  converter 24 and a desired reference current and serves as a feedback signal for ensuring
that the switching converter 24 operates at a desired constant current.
The output of the error comparator 36 is fed to a first input of a weighting unit
37 constituted by an adder whose second input is connected to the output of a feedback
circuit 38 whose input is connected to the storage capacitor 19. The weighting unit 37
25  thus receives two voltage signals, one of which is a function of the voltage across the
output capacitor 17 and the other of which is a summing function of the reference Vggp
and the current produced by the switching converter 24 measured by current
transformer 34. The reference Vg is generated by calculating the difference between
the average current measured by current transformer 34 and the output of the weighting
30  circuit 37, that is equal to the PWM voltage reference Vggr; (corresponding to pin 2 of
the PWM controller 30 in F ig. 6). The weighting unit 37 sums these two voltage signals

and feeds the resulting weighted voltage signal to the negative input of a PWM error



out put capacitor 17 and the other of which is a summ ng function of the
reference VREFI and the current produced by the switching converter 24
measur ed Wy 200038982 t r ansforner 34. The reference VREFI prs/ipsogoased by
calculating the difference between the average current neasured by current
transfornmer 34 and the output of the weighting circuit 37, that is equal to
the PWM vol t age reference VREFI (correéﬁgﬁdi ng to pin 2 of the PW

controller 30 in Fi%e 6). The weighting unit 37 suns these two vol tage
si gnal s andomparsort e (qoasspaniding tpenipHt ddthe 3TW G eonfralisa POY do s @gsitiie e
i nput of a. .err a ' c ordi ng ' it
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of the cyclegpadtep 19hghouiRREe SWificidhtls3cHabgedl MG mhihtdfdiseve redilsal voltage
requi renent, the weighted error si %gal al ances the feedback si gnal

i ndi cat i ve dyfing e argive agaioac skescyckrewberotha deadcsitehi23ds clpsed. digeackisye thie dut y
cycle qf, the, FMM s t&%*&;e%@}téds A6 &gheﬁ%aﬁﬁxcgﬁw %e& Ak sg%-%l iR e Yr tﬁge
swi t ching converter W aaequa el'y charge the stordge capam?or ,

during bot Rolthe @gbis\ie stochgevapiditoe 1 Powhdrons thefdutyheyaty of the PWIMs switctL2@s
that even during the active portion of the cycle when the Iogflgawitch 23 is

cl osed, thds pdigted ztomgren@@P tRecoutppt of hee pwiteRing ccopsater P4 Wall afeauatpdy
capaci tor i I t i 3 v ge
capact tor 1erE b Sorif Rl WAl Rl AR (0 oBIEUR Ibhvg Bpife TRhe
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conpletely by the storage caﬁam tor 19 and the voltage across the output
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active portion of the cycle. Moreover, owing to the described operation of the weighting
20 unit 37, the voltage fed to the load 22 is essentially supplied completely by the storage
capacitor 19 and the voltage across the output capacitor 17 is substantially constant
throughout the whole switching cycle.
The controlled switch power supply 14 (Fig. 3) thus operates to ensure that the
energy supplied to the load 22 during the active portion of the switching cycle is stored
25 by charging the storage capacitor 19 gradually at a constant current whose magnitude is
adjusted by the average current processing unit 33 (Fig. 5) based on the power to be fed
to the load 22 during a subsequent active portion of the switching cycle. This avoids
sudden current surges on the input voltage source and avoids the need for a bulky RFI
filter at the input of the power supply.
30 Having described the principle of operation, there will now be described with
reference to Fig. 6 a high level circuit diagram showing details of the controlled power

supply 14 described functionally with reference to Fig. 5. The intention of Fig. 6 is to



energy supplied to the |load 22 during the active portion of the sw tching
cycle is stored by charging the storage capacitor 19 gradually at a

const ant woroeniszswbose nagnitude is adjusted by the averegaLmos/n@Ees2
processing unit 33 (Fig. 5) based on the power to be fed to the | oad 22
during a subsequent active portion of t switching cycle. This avoids .
sudden current surges on the input voltage source and avoids the need for a
bulky RFlI filter at the input of the power supply. Having described the
princi pl e opresguérhami the, carhponsntsi sHowmowarstiondlycm begl hican heeimplemented dnFi g.

6 a high level .cireui t diagr show tails the cantrolled power

cupply 14 Bt abbelirt IR SRR SARPERURS ™ SerfestBY SheeFelElon o
Fig. 6 is tgpgrasepbvidesy il GRBRONEIREISsHE oulficfednfolrioad skill¥d imthEiagt to%‘caﬁ?n be
i npl emented in practice. Therefore, only the nost salient features will be

descri bed sPWdke ipMentiony cui t di agram provides a fully enabling disclosure

sufficient for skij l ' t r ' .an , the
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contr ol s t hwhishicbatnoln thecswitohirigedonRdrtaritit aminadnistitutes thé BN \dntroiddrr3gl. [Tae 30.
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respectively). The load current is sensed via the current transforner
across whi ciNa terminalsépine d3 rad p2oespestivady)y dbe laadrpurrantsis eénsed pii the ofrréDSFET

SW tche]so 41a a{Jd 41? whose dlhallﬁn term nfl S are.commnlﬁ con ectfed t.0 ?. coi l
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swi tches 31a_and 31b are controlled by respective drivers 35a and 35b, that

recei ve drisedl 37 dhlis pestpfithe sPiwhingt goaverisrndd end 1y cemgeied4p GND; vie they 825

Cui tch 20 SRaue Fapopty 1 THE (PRS2 e Whisip2of UMERSEE Rufthet STa W e

34 1 s showdlibwire eontrollel ébyfriegpeciye drieers 36a ankdlB5b,dhatwetdive édes sighals viasthe

connection t he SA . 8 controller 3 it is also_shown th.regard to
its sighal i%\gl‘ﬁ PHIRY! Pinﬁ_i?&ﬂxwl"'? e f@sgﬁl%&% RIS P{i %%F@eﬁ%%@eay
current trangf06a%6 1M obSrakCi4RhEP W wacR 2D shin [nBiGE1 4.1 er diodes D and D2,
whose respective cathodes are commonly connected to a resistor R6, across

whi ch there is tloughe sake of clarity the current transformer 34 is shown twice in the figure,
i.e. in addition with regard to its connection to the SG1825 controller 30, it is also
shown with regard to its signaling. Thus, its output representative of the current sensed

20 by current transformer 34 is coupled via a pair of rectifier diodes D1 and D2, whose
respective cathodes are commonly connected to a resistor R6, across which there is thus
produced a voltage that is proportional to the current sensed by current transformer 34.

The resistor R6 thus functions as the current-to-voltage converter 35 shown in Fig. 5.

The positive terminal of the resistor R6 is connected to the positive input of an OP AMP

25 46 to whose negative input is fed the reference voltage Vgrgr, via a resistor R10. The
reference voltage Vgrer; is derived at the output of an OP AMP 36 that is connected as

an inverting amplifier whose input is fed to a variable DC source. A capacitor C12 and a
resistor R3 are connected between the negative input and the output of the OP AMP 46.

The OP AMP 46 thus operates as an integrator and functions as the average current

30  processing unit 33 shown in Fig. 5. In accordance with one embodiment, the values of
the capacitof C12 and the resistor R10 are selected to set the integration averaging inter-

val to be one order of magnitude larger than the largest expected pulse load interval.



produced a voltage that is proportional to the current sensed by current
transfornmer 34. The resistor R6 thus functions as the current-to-voltage
convert erw®20®nss9s2i n Fig. 5. The positive term nal of therrmesedes: R6 is
connected to the positive input of an OP AMP 46 to whose negative input is
fed the reference voltage VREF2 via a registor RRO. The reference voltage
VREF2 is derived at the output of an oPlAWP 36 that is connected as an

inverting anplifier whose input is fed to a variable DC source. A capacitor
C12 and a resi stlhe ®Repuof tirodR&VBd6hie fadetorn vanableagsistov ¥ Rilmennecigstitotthe
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Figs. 7a to 7d are graphical representations showing current and voltage wave-
20 forms associated with the controlled power supply shown in Fig. § all drawn to a
common time scale.

Fig. 8 is a timing diagram of the voltage waveform at the output of the switching
converter. This corresponds to the waveform across the storage capacitor 19 as shown
qualitatively in Fig. 7a. However, the time base in Fig. 7a is much more spread out in

25  that the time for the voltage to fall from 101V to 82V is seen in Fig. 8 to be
approximately 0.1 ms, which indicates that Fig. 7a shows the voltage only over a period
of approximately 0.25 ms of which approximately 0.12 ms relates to the subsequent
voltage increase, shown only partially in Fig. 7a. The time for the storage capacitor 28
to fully charge to its full voltage of 101V is seen in Fig. 8 to be just under 1 ms. This

30  implies that only approximately 1-tenth the charging cycle is shown in Fig. 7a.

Fig. 9 is a timing diagram of the current waveform fed to the pulsed load 22 as

shown qualitatively in Fig. 7c; and Fig. 10 is a timing diagram of the input current



associated wth the controlled power supply shown in Fig. 5 all drawn to a
comon tine scale. Fig. 8 is a timng diagramof the voltage waveform at

t he out puwvoaboddsessswi t chi ng converter. Thi s corresponds prwialiveswaeel or m
across the storage capacitor 19 as shown qualitatively in Fig. 7a. However,
the tine base in Fig. 7a is nuch nore s (r)ead out in that the time for the
voltage to fall from 101V to 82V is seéen”in Fig. 8 to be approximately 0.1
ms, which indicates that Fig. 7a shows the voltage only over a period of
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Fig. 7c,s and.Eig.- 10 is a timng diagramof the input currentwaveformto
t he regul ator 26 as shown qualitatively in Fig. 7d. It energes froma
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Lhe Vol t agehersaRatmly v auealR ot st orete, i ta st Gras e
which is appdzd T &y oﬁeitéﬁﬁ of Ghe HRG GUleY s& Vi Gt stbltedt\l‘H-lt%g@ @fsgt%ﬁyr fifoan t he
above di scussion that” the storag)g capacitor 19 is charged gradually over

ni ne-tent hsapplfoxnmzsteldulto)chsmS%V,a smasmmangemoamfummara'crﬁjswchheemahb 22
h.of . the.dut sothat it stored voltage falls only

f I
f(r)(r)mogplé g?fﬁt\ euwi{;ngagn aﬁ'ﬁﬂgflcﬁﬁ?tﬁ?al ning nost of its charge. By

such neans the |1’Qﬂﬁ>u@lﬁ‘tﬁehﬁv¢rﬂi@ﬁtha§ 86 QuScrSbEasyidn pardibhir f@RE! BNise oAhU@ugh
the invention has been described with particular regard to use of a

power supplPPWeERFuRPliHEINsupR] iR iawer &0 thedoads dlgwill e ypderstepd @ﬁb@it@flﬁé@j%at a
re_ctl fied ?gwgpﬁ?lfxﬁgggléo%gﬁ so be used. It will be understood that

whi l e the speci array antenna descri bed above has four walls, in
practice a diffdr emltl beuwderstadd viak [vehileethe pecifie phaged anmay asteana deperibed

field of view can be achieved usin IIthevvaIIs Li ke whi l e the
i nvent ildn RRSVHMsToRpwall, a%arwn%a%iéf?%r?wug} °f g3l fr@yvge used so long as a

required field of view can be achieved using all the walls.

Likewise, while the invention has been described with particular regard to
supplying power to antenna elements of a phased array antenna, it will be appreciated
that the principles of the invention may find application also with regard to other types

20  of pulse load, particular where a plurality of pulse loads must be sequentially ehergized

at different points of a supply cycle.



supplying power to antenna el enents of a phased array antenna, it wll be
appreci ated that the principles of the invention nmay find application also
with regawd 2ve/o38dser types of pul se |oad, particul ar whecerp2ooboriasas ty of
pul se | oads nmust be sequentially energized at different points of a supply
cycle.CLAIMS: 1. A nethod for supplying Ilﬁur sts of substantially constant
voltage to a plurality of pulse | oads, -2he net hod conprising: providing an
array of | ow voltage current sources each for feeding constant DC current
at a nomnal voltage to a respective storage capacitor each of which is
coupled to @ RiM&al ity of switch power supplies; coupling each of the
switch power supplies to respective ones of the pul se | oads; storing energy

in each of gthe A efcgR PARAHIFiAE Suty dMAbRBHthIBTohMeEntdIthfdff 4 PRIrfRY bFon of
a load switching cycle of the respective switch power supply to which the
cor r espondinésedeasisaidie meslndcGonyxising: associ ati on with each of the switch

oasisaldie
e S e ; I . ‘ (
ot tve porti on doYHEEH MY Bei8H okl Hifndif SREEE s B SEHERRMBED 20

in the sespaathtva sShoniiagevatapac 4 espudtivet @ragesspacitorwach of hechrie spepsied ve
switch power supply to which the storage capacitor is coupled to each of
the pul se I"®aPNBlYSf sitelPQYFTSUAPlSwer supply during an active portion of

the load swit Chic'aggl' da8h ofthe SWEtcHBLRELs ?ﬁ@sr t‘éirg%e&?ve(‘dn@g Bt the g%@ﬁ@id@'

suppl ying the stor energy In the respective storage capacitor via the
respective to theoringsqnergy mnecashiof ¢he ptovaze @paploys dammyr bath sictivase dnastive

predetermned.current that is to, be.sourced . by t ul se | oads duyr | an
et ve por HOGIPTbP! & Kk SRIRHE S S Hedmteny s KHeL ey SgwrBl: Perbichrds
shoul d jge fBgledgdnlihg YthiPEHaki@FahuRidcidtidnOkie tadhOofeths Winich Pdtves Wigplies ent
energy will stored in the voltage reservoir to supply the | oad w thout

conpl et el y far &iedinggvaltage Vo theatgapactive pulse rloadsrdnringsl 3ating postian plithgsloaher gy
to the vol tage, reseryol 1, at a substantially constant current equal in
magni t ude t0 sai veér'age current.

supplying the stored energy in the respective storage capacitor via the respective

to the respective switch power supply to which the storage capacitor is coupled to each
15 of the pulse loads coupled to switch power supply during an active portion of the load

switching cycle.

2. The method according to claim 1, wherein supplying the stored energy in the
respective storage capacitor via the respective to the respective switch power supply
comprises:

20 based on a predetermined current that is to be sourced by the pulse loads during
an active portion of a switching cycle, computing an average current that should be fed
to the voltage reservoir in order to ensure that sufficient energy will stored in the
voltage reservoir to supply the load without completely draining the voltage reservoir;
and

25 supplying continuous energy to the voltage reservoir at a substantially constant

current equal in magnitude to said average current.

3. The method according to claim 1 or 2, comprising:
feeding energy to the voltage reservoir via a switching converter; and
varying a duty cycle of the switching converter to produce a desired average

30 current.



3. The method according to claim1l or 2, conprising: feeding energy to the
vol tage reservoir via a swtching converter; and varying a duty cycle of

t he swit oRbngoseserter to produce a desired average cuppeit2osoibe nmet hod
according to claim 3, conprising: varying the duty cycle of the sw tching

converter so as to maintain the current supplied by the swi tching converter
at a level slightly above an average cuPfent required by the pul se | oad. 5.
The net hod according to claim3 or 4, conprising: setting an integration
aver agi ng ifit er Vile méthdédaccovdihg to diginchreaiptieingt o be an order of magnitude

| arger than a | argest expected pul se load interval. 6. The, nethod according
to any one of cl'ahyRe the &ty cyglsf dhe,switchingpnvsHer 8t a3 Hemaiptall theogyeent 5
coupled to i i i to
iy one of By ey by S EEE CoROAEL o SHER sRghil ol R AR R e P e
coupl ed t o tyabéipase tdad. swit ch power supplies. 8. The nethod according to
any one of clains 1 to 7, wherein the pulse | oads are antenna el enents of a

phased arr antenna.. 9, A controll.e oywer supply for supplying bursts of
subst anti ally ¢ tné‘arﬂlo%ﬁcf’écg’ég{orc&f’f’& &oﬁ%’é’r@@er voir to a plurality of
pul se | oads via settingash fiédration BrakiR® Waervalep|tie @Wﬁik&ld’éﬁ%r&? t8'deddin Of

| ow vol tage current sources each for feeding constant current at a

nom nal voloardgyef magaitudeslpeset thas adarged gupastasauilsedpad mtgsvalral ity .of switch
power supplies coupled to each of the storage capacitors and respective

ones of the pul sl fafsq Q@éo?&ng?&aﬁgg%% o 836 Pft? %h%hgﬁé’int &Qingf%"ié% o%gﬂé’! | es;

each of the storage capacitors-bel rf I'gured fot storing Energy during
an i nacti veupensddets efupted to@actsoti the bwitch moymadraupdlieshe respective switch

power supply to which the correspondi ng storage capacitor is coupled when
t he pul se | oads are inactive, respectiye output capacitor in ass%cdlati on

e . a
with eadCh df the Evpeten a&iﬁéﬁ’mg&%ﬁw gae PgFlafI’é% ifg> YOeTelyat tegsttyg of the
respective ke 36ads pchupfidrth RECHASE (REEWG RRVdris@hp1Rk. t he

8. The method according to any one of claims 1 to 7, wherein the pulse loads are

antenna elements of a phased array antenna.

9. ~ A controlled power supply for supplying bursts of substantially constant voltage
15 from a voltage reservoir to a plurality of pulse loads via a load switch, said power
supply comprising:
an array of low voltage current sources each for feeding constant DC current at a
nominal voltage to a respective storage capacitor;
a plurality of switch power supplies coupled to each of the storage capacitors
20 and respective ones of the pulse loads being coupled to each of the switch power
supplies;
each of the storage cap'acitors being configured for storing energy during an |
inactive porﬁon of a load switching cycle of the respective switch power. supply to
which the corresponding storage capacitor is coupled when the pulse loads are inactive;
25 a respective output capacitor in association with each of the switch power
supplies for feeding voltage to the respective pulse loads during an active portion of the
load switching cycle; and
the respective storage capacitor being configured for supplying the stored energy

via the respective to the respective switch power supply to which the storage capacitor



| oad switching cycle; and the respective storage capacitor being configured
for supplying the stored energy via the respective to the respective switch

power supRbYobosidshch t he storage capacitoris coupl ed teceachodborkde pul se
| oads coupled to switch power supply during an active portion of the |oad

switching cycle. 10. The controll ed power supply according to claim9,
wherein for each of the switch power supglHies there is conprised: an
average current processing unit responsive to a predeterm ned current that
is to be sowrcoapledyo tdvh ¢fiths @ulseaohddwbhpigdammhth pewgosupphndwingaansadttve hi ng

cycle for conputi n aver rrent that should be fed to the respective
st or age cap%gg‘t’erptg‘S %‘ﬁéﬂ’l‘tg ul*§uffi cient energy will be stored in the
respecti ve storage capacitor to supply the |l oad wi thout conpletely draining

the respectjye sts @&ﬁr&l@@w&rs’up?l@da@oﬁﬂﬁg i@ lcladh PPRh@tiny&iryeaeRUWd @8 t O
the average current processing unit for supplying continuous energy to the

respective syitthagaver sypptics dereas comprigssk ant i al |y const ant current equal in

Cl o ng and. operiiy Ca i Sureeiin oal EerBANEE T h PRGSO 0

SW conmensur at e

Wi th respecbi e selutét bonbe PulsehRad clurivig eﬂpﬁétlv@np(ﬁ'fidn tdﬁe1 sw&eﬁmgecyphr faron of
the switching cycle. 11. The controll ed power ply according to claim 10,

conpri si ng GOMNESE aBraverage suReRhet Bopls, be @dstwﬂtl?:Fﬁsﬂij’t‘(‘,’ﬁr?%?%ee?apé%‘?'ﬂr r8l | ed
oy & PUM SWLLGR dhafsufiRiil eﬂgrig% Qift BEQUSrBTh YRR AN seg#lput

vol t age; orage capac for storing energy an suppl yi
stored enerthy loaa Whhaodt@adlpﬂamly rdgamimg the réspectiyerstirage cipatite, huhe cgmrd:ltﬂni ng
cycle; said controller H cou |l ed to the switchi.n conv rter for pul se

wi dt h mifdul ety ek Yh%oupm vetags cumieat PEGETNE BRI¢ JRarP XIB%l%?“H B8 di ng

to claim9 Qperdle WaGESebivd Erad¥ Kapstftof Ut haNbstRRAG O SEnUAIrkent @FRAIIIAES an
i nt egrator havi'ng a capacitor and a resistor selected so as to set an

i nt egr at i ormagrétudg itc grifl verage Furdnt ahe f¢m@gra@ng switehibg signalsrigeeloging and

SWQPLL:JgS chor ger § hg} rloa({] eswlltglrl 98S! (SEPSH % typ Eycslee clogl%gens&la?er it PJspéé?Q/e

durations of the active portion and the inactive portion of the switching cycle.

15 11.  The controlled power supply according to claim 10, comprising in respect of
each controller:
a switching converter controlled by a PWM switch for coupling to a voltage
source and producing an output voltage; and
a storage capacitor for storing energy and for supplying stored energy to the load
20  during the active portion of the load switching cycle;
said controller being coupled to the switching converter for pulse width

modulating the PWM switch.

12.  The controlled power supply according to claim 9 or 11, wherein:
the average current processing unit comprises an integrator having a capacitor
25 and a resistor selected so as to set an integration averaging interval of the integrator to
be an order of magnitude larger than the largest expected pulse load interval of the

switching converter.

13.  The controlled power supply according to any one of claims 9 to 12, wherein a

- single one of the pulse loads is coupled to each of the switch power supplies.



13. The controll ed power supply according to any one of clains 9 to 12,
wherein a single one of the pulse loads is coupled to each of the switch

power SupRbi2e6okdos2 The control | ed power supply accordi ngchQrLa0¥o0Aee of
claims 9 to 12, wherein at least two of the pulse loads is coupled to each

of the switch power supplies. 15. The controlled power supply according to
any one of clains 9 to 14, wherein the'%‘htse | oads are antenna el enents of
a phased array antenna. 16. A phased array antenna system conprising: a
plurality of. nodbt esntedicd ot aupyplyngecrgihg tabnyt gneodf datrsing &), eviereds at

adapted to,scan over a predetermned field.of view, and a respective
control | ed!PehEP L Fspryele laf‘ﬂ@?q?‘gtocﬁlaa{iﬁf e SR 2B PRI power 1o t he

antenna el enments in each nodul e. '
15.  The controlled power supply according to any one of claims 9 to 14, wherein the

pulse loads are antenna elements of a phased array antenna.

5 16 A phésed array antenna system comprising:
a plufality of modules each containing a plurality of antenna elements adapted to
scan over a predetermined field of view; and
a respective controlled power supply according to claim 15 for supplying power
to the antenna elements in each module.
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