© WO 2009/083962PCT/IL2008/001662 Power Array for High Power Pulse Load 5 FIELD OF THE
INVENTION This invention relates to pulse load switching power supplies that is particularly
suitable for use in phased array radar antennas. 10 BACKGROUND OF THE INVENTION Some
types of phased@wassantennas require that a large numbers of antenna glemgrisshgiagiivated
simultaneously. This, of course, demands significant power, which is provided by the main system
power supplies. The incremental contribution that each antenna element makes to the composite
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 f_oI_Iowed by an inactive pgjiod WRepIOGANG PW?J’!E‘E 0\ﬁ/ﬁiting for the next
transmitting pulse. However, the sudden cufrent surges thus consumed when the antenna element
becomes active place a severe demand on the system power supplies. It is therefore clearly desirable
to energizg 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 intermittently. Conventional solutions using
switching mode power supplies for such a load struggle to avoid the output voltage dropping during the

transmission yise paskretiec ting/ @] Tgeghpower requirements to the main system power supplies. The
ripple current in the current supplied by the main power supply can cause high radio frequency

30interference RFI witlehnssificteldisn o Rrsedd svilglinsawreerisupilisothal ppregiadariyyO

2009/08396 2R hihd RPAK GO IRER ¢ &ray radddGrftliGii that converts source input voltage DC to pulsed
AC is known as a switching converter or simply ‘converter' of which there are two principal types,

'‘Buck’ and 'Boost' although there are several hybrids and variations. The Buck converter normally
converts the VBHEJeROTND & TREEOINDUENGBEDE of the converter is lower

Some types of phased array antennas require that a large numbers of antenna
clements be activated simultaneously. This, of course, demands significant power,
which is provided by the main system power supplies. The incremental contribution that
each antenna element makes to the composite beam 1is, 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
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es as a pulsed or switched load which requires a large supply of power intermit-
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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.



5 than the input voltage to the converter by a factor 5 that is equal to the duty cycle of the switch. Duty
cycle is the ratio between the duration during each cycle that the switch is ON to the total time
between successive pulses, i.e. the period, i.e. VourVbv 6. =TON =T (TUN + T opT) where: 10 15 VIN
VOUT 5 TONo 20@RB3ssinput voltage; input voltage; Duty cycle Time whepcawitehoizbabs2lime when
switch is OFF Pulse period = (TON + TOFF)
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The circuit that converts source input voitage DC to pulsed AC is known as a
switching converter or simply ‘converter’ of which there are two principal types, ‘Buck’
and ‘Boost’ although there are several hybrids and variations. The Buck converter
normally converts the voltage down so that the output voltage of the converter is lower

5 than the input voltage to the converter by a factor § that is equal to the duty cycle of the
switch. Duty cycle is the ratio between the duration during each cycle that the switch is

ON to the total time between successive pulses, i.e. the period, i.e.

Vour =6V
S = Ton - Toy »
T (TON + TOFF )
where:
10 Vv = input voltage;

Vour = input voltage;

i) = 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 7 15 , where § is equal to the duty

cycle of the switch. Since & is less than 1, this factor ish 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 voltége 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



The Boost converter converts the voltage up so that the output voltage of the 1 converter is higher
than the input voltage by a factor where 5 is equal to the duty 1- /5 cycle of the switch. Since 5 is less
than 1, this factor is greater than 1. It thus emerges from the foregoing discussion that regardless of

the type of 20 sonvREeEihat is employed, the output voltage of the convegter js.angtion 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 usin%g 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 cqnstant, adjusting the. 25pulse width of the ON time varies the duty cycle of the
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10 Based at least in part on a predicted load requirement of the variable load, the operation
of the PCUs can be controlled to provide sufficient power to the one or more loads at
the appropriate time while minimizing wasted power generation by deactivating any
unnecessary PCUs during a decrease in power consumption or by activating PCUs
during an increase in power consumption. Additionally, based at least in part on a

15 predicted temporary change in the load requirements, the PCU can change its output
voltage in anticipation of the temporary change in the load requirement, such as by
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 averagé current is



10 Based at least in part on a predicted load requirement of the variable load, the operation of the
PCUs can be controlled to provide sufficient power to the one or more loads at the appropriate time
while minimizing wasted power generation by deactivating any unnecessary PCUs during a decrease
in power consypoptigndges by activating PCUs during an increase in powerpgansuiogtionsAdditionally,
based at least in part on a 15 predicted temporary change in the load requirements, the PCU can
change its output voltage in anticipation of the tempgrary change in the load requirement, such as by
increasing the output voltage to provide additional energy to the one or more variable loads during a

temporary inciegag I0,AQNEASANSHIIRNIAN ALY decrSaaing ins, eupuf yollane dying a feraporary

decrease in power consumption. 20US Pat. No. 5,418,708 discloses a constant power load bank for
simulating aviewitghisadydadh axspiishey valdiarend §uerzy oI etopesivdr 19 StemaeT KapRSAQANK is

designed to reglistically siuaie anaciivaaperis sadacitl o0 ofdhainadiPeisiay while the

remainder of the load is either on or off. The pulse controls are designed to simulate any type of
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is to be sourced by the load during an active portion of a Switc tjlgfg}écdycle, an average currentis WO
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capacitor to supply the load without completely draining the storage capacitor., Continuoys energy is
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intermittent voltaexpedsistions on the line. When very high power bursts are being supplied, the RFI
filter beC%neS bulky ?pgd FXR&0s i%ﬁ%‘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



20Fig. 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, foun amiemssacarrays are provided each on a respective "wall" 1Z:theseoveingsone wall 12 for
each surface of the system as explained above. Each wall 12 comprises an array of high voltage
power supplies 13 that are energized by the system_gower 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 putputof the,PighNaltRaeRANEESHPRIER IR @R WIICRSEIMEIR fadiige pliage ripple of
the high voltage power supplies 13. Capacitors 16 at the input 30 to each of the switch power supplies
14, which may*dé Ritstderfemote from the high voltage power supplies 13, serve to decouple the

Swiach power Suppliegigoélz‘neorm %%mwgé ggtagﬂ%%msmo ugpé&@é&ﬁﬁg@ﬁr@&me@wﬂm E@w;@r Zupplies
14 has a respective W PC17 1 - 5 - output capacitor 17 that feeds

voltage to the P&BB%’Cﬁr\fgyan esnﬁ‘g%fgn%lp%t}l% hﬁ‘é@éﬁ&g f%mél &ﬁs%eo}g)% .O? thelztiﬁ%lﬁ R 4Bl showing
a breakdosvn of2heoperatingparangeteissd timpanensyplly arsalyidg ishovaminoFifpul phimes, starting

from the bottorgf tyedaple sagh wakhe dfAsaRmmonsles asingle iase auauAieane. thus

resulting in a tota our phase array antennas. Each urw ouses sixX high voltage
power supplie$hs, msulingsintindofial sofoldl biehavielipeodieae pawbesppliash of thecRdohitle 24 high
voltage power m&@éeﬁo%\%ri&e/ﬁu@ée@ tQ & SWith PPWEk RN S dhiTbuBeRkting IR A tatgl of 648
switch power supplies 14. Each of the swit_chrﬁower su? lies 14 supplies 16 10 antenna elements 11,
thus resulting 198 BtA S TOSEPANFEARPURS &t 0 WK RRYGb R RHS th e psbisst e table, it
is assumed thaheasch efdhentd363 tandenrpawigmentsidalrefjutessthatdheirpubsalfage aeRRss the
output capacitor 17. of the correspondin itch power. supply 14 is 8.7 volts. angd it is also assumed
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that input currént
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average power (Pin_avg) drawn by each antenna element 11 is /.8 watts. The output power (Pout p)
of each antenf&sle el avsnsselpmntd bis Spats Bhwewghring atfiensh op wasitdity Rcieved by

the antenpia elegrerisy akingrpprRafficieney: of 2G0k-aince NIRRT ROWEbIP NPk iR 1E8 @ivvatts.
Having thus determined the operating parameters of each antenna element 11 within each switch

power supply T2a%% ©ah WRRD WsrR RS- ashh the 6 ana: URBLRO TS Sodtdlifg BHfAmeters of
the switch powsyvaitppipetyl 4, | théikesnapnerwae(Ban ihendeiermnatheopahatifignpatameters of each

high voltage power 13. then 25 of each wall 12 and finally of the .complete powey sypply array
10. Although tr?égr‘(}avé.%ltj%J t'sﬁléxr%(i%tlga e %Qll:?l%u%‘z?\ggril t%aéchsg’wgnéltacéé%%ﬁ%tte@égsg\sﬁg%l tnoog/’ve ghBOW how
the salient resufestareasksiior dhassiivimng tHapipalinpohivetthe (érnterthve eletemia isaRing volts.

The outpul POWRIBRLLIPAGHSAEH AGh PANEE-SUAPIY 11 SalaLlc the power (783 watts) ed 1o

each antenna element 11 multiplied by the number (16) of antenna 30 elements 11 in each switch

power supply 14, i.e. 1o¥%agsthpstdetarming oo SREREPEPPIRSEECALHRE WSy Jamshl 14 is equal to
the output powgitkRoedcIP )k divid g Ryrtbeppiliciancys estimated a8l Wais asing Betypitakgfficiency of
a switching m%%?n 8‘2/6\3/ et{le 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



WO 2009/083962PCT/112008/001662 supply, i.e. 1,474 watts. The input current (JUT) to each switch
power supply 14 is equal to the input power (Pin_) i.e. 1,474 watts divided by the input voltage (Vin)
assumed to be 70 volts, this value being selected to keep the capacitor voltage low enough and avoid
large curreri®) W% @Rking the input current (Imp) equal to 521.1 amperexcT/nSinsitakys2the output
power (Pout_p) of each high voltage power supply 13 is equal to the power (1,474 watts) fed to each
switch power supply 14 multiplied by the number (27)of switch power supplies 14 in each high voltage
power supply 13, i.e. 39,795 watts. The input power (Pin_p) to each high voltage power supply 13 is

equal to 10 theuppiut Rowe(Rew._mhdivigad hixthe effisierry.aoainestinaladatdpy . 46,817
watts. The input CLt\r/ren}3 IIMp) to each\@igh voltage;ower supply 13 is equal to the input power (Pin_p)
i.e. 46,817 waftR 3iviaed oIS RINT VOIERgY (Fin)-2480AEY FVBlsD Py Rstedoms wlings NiRbximately

equal to the vacitageedbtaihed by dt3-phiasefud] edve seletifiar of Redd e SyRITIOL- oldZ)lous making
the input currept Qi ).15equalto 173.4 amper By similar reasoning it can be shown that the
output power (Pgu%?))a%?e%a%dw%ﬁgfz ?gré%quséil %S%Ee“}%% r %,W wa ﬁsﬁr*tezﬂ%pza% iéﬁ voltage
power supply £3-smistied by the number (6) of high voltage power supplies 13 in each wall 12, i.e.

280,905 watts. The irpyt; VehéRinuP L IRvEREE WA [ 20, (Pout_p)
divided by the efficiency, glgt%vmated@é%% % owi?% tééeﬁifség%%q%ﬁg%@? sgﬁg%?’%g?%z watts.

The input currEAtRAipYfoRSRES (WlF 1 vrttehRd 1o trehinpiich aaner (Ripply) dempplby shes divided by
the input voltagenibén)2ayain sesshRevin Bep3ie: vialts: tids makiveithe IpeWECWEBAL (inp)to each wall
12 equal to l,%l]?én‘k{)e‘ée.ﬁnallg,tsince tgg. co Pleteg%@? ?éray antenna comprises four walls, it
can be 25 shown tRat the ottgUt Powert H’tfg; BF v SRReE ReH S Rl dalite el fower
(283,742 Wattshdedutout quiwanliPainm)Itikéttdbihehausfieer(d), ofgaiallsstitinethatceseplete antenna,
i.e. 1,134,968 inpULt. er (Pin_p).tqthe c lete antenna is equal tp. the output power
(Pout_p) divided E?tﬁ%f%%n@é&a%éﬁ%ﬁ%@%gf&élﬁf?%ge.V ) ﬁ,g% e\gv%lq@i‘}ﬁ' %lfn%%qatéoﬁ?rent (linp)
to the completapRHmevce Al 1304h8 Idpvatisaidd¢® by picilepdt, Y8Ua06 SVimttssdiviaied by the
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antenna equal to 4,204 ampere. 2009/083962PCTILL2008/001662 - 7 -
wave rectifier of a 115V system (i.e.115* V243 ), thus making the input current (Iinp)

15 equal to 173.4 ampére.
By similar reasoning it can be shown that the output power (Pout_p) of each
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 (Tinp) to each wall 12 equal to 1,051 ampere.
Finally, since the complete phase array antenna comprises four walls, it can be
25 1shown 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 (linp) 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 (Iinp) to the complete antenna

equal to 4,204 ampere.



Having established the operating parameters of the power supply array 10 and its sub-components,
we can now calculate the values of the capacitors 15, 16 and 17 as follows. The energy stored in a
capacitor C charged to a voltage V is given by: 5E = 0.5 * C * V2(1) The energy required by a
power pulsevaf osplgasde \Wand duration (width) tw is given by: E=W*t,(2pc1/iLfsie@nidsat the energy is
delivered to the load by discharging the energy stored in 10a capacitor from an initial voltage V, to final
voltage Vj, the amount of energy thus required is obtained by: E= 0.5 *C*(i2 --V?)(3) Assuming that
for a pulse transmitter, the allowable time to restore the delivered energy to the storage capacitor is a

single pulse repetitionipgnalRRALHS cABRE.LHachiRved by dRepRg.CuiEBY ol dcuseent source

into a storage capacitor, so that the integrated current during a single PRI fully charges the capacitor.
In this case, th VAROBPHIEHSGHITSATLAPH ST GiIvRM B0ty PRACHNE) 1 5: 14 AR ddiAtion

assumes that thigoefficiency is 100%. But in practice the efficiency is less than 100% and therefore

equation (4) must be modified as follows: 0.5*(v,2 fzrzr’c?? 5) where il is the efficiency. In saying this,
it is to be noted thateiTr?f"heen?%%?ﬁeg e{ﬂéilﬁa s??f%%recﬁf\é}%r ef/i,t T %%%%Jﬁéfé?‘}o e efficiency of the

fl?gpha\(;gﬁ; avghich is assumed to be 100%, but rgtg%rgg &l’;gVefﬁciency of power converai)on between the

The energy required by a power pulse of amplitude W and duration (width) ¢, is
given by:

E=WH*t, (2)

Given that the energy is delivered to the load by discharging the energy stored in
10  a capacitor from an initial voltage ¥} to final voltage V;, 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 siﬁgle 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

Czo.s*(V,?-Vﬁ)

)

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

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

- £ 1
KRR ®

where 1 is the efficiency. In saying this, it is to be noted that in the following analysis
the efficiency, 7, 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



25power 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 WO
2009/083962PCT/1L2008/001662 - 8 - equation (4) is directly derived from the voltage of the switch
power suppkyd4eddiessfficiency, g may be assumed to be 100%. On the ofgqnhand,owfaen the initial
voltage V, used in equation (4) is derived from the voltage of the high voltage power supplies 13, the
conversion efficiency, th which of course is less than, 100%, must be factored in. 5By substituting for E
from equation (2) into equation (4) we obtain: c=,1 * 0.5*(12/1 -V{2) (6) For example if the
required outp ri r [ Ise js 100usec width, and t lowed
vo?tage drop ;%}%%5) %E%%tdsr{%é%\{éﬁ gﬁ?r%éﬁ?@%r? ﬁl]?%%% vgc?lt{aﬁaesvc\)/# %‘&3?@0@%@ ?/%3 eOV), then
using equatiors{Bgied-abSuming tsammeritochicy9ef Lootee ptbantbashdwn thaitialvetliessf the
required storage Gapagitqniid? @4fis derived from the voltage of the high voltage power supplies

13, the conversion efficiency, 1, which of course is less than 100%, must be factored in.

(%1

By substituting for E from equation (2) into equation (4) we obtain:

Wt 1

Ry 7 (©)

For example if the required output pulse power is 5KW and the transmitted
pulse is 100usec width, and the allowed voltage drop across an input capacitor charged
to an initial voltage of 70V is 50V (i.e. Vy=20V), then using equation (6) and assuming

10 an efficiency n of 100%, it can be shown that the value of the required storage capacitor
is 220uF.

We have already determined that in the power supply array 10 shown in Fig. 1,
the input power (Pin_p) for each high voltage power supply 13 is 46,817 watts. So, by
same reasoning, if the width of the transmitted pulse is 100usec and the permitted

15 voltage drop across the storage capacitor having an initial voltage of 270V is 2V, then
using equation (6) and assuming an efficiency 1 of 85%, it can be shown that the value

of the required storage capacitor is given by,

_39,795%100
0.5*(270% - 268

jF = 73974 )

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:



We have already determined that in the power supply array 10 shown in Fig. 1, the input power
(Pin_p) for each high voltage power supply 13 is 46,817 watts. So, by same reasoning, if the width of
the transmitted pulse is 100usec and the permitted 15 voltage drop across the storage capacitor
having an intial2eedtesgesef 270V is 2V, then using equation (6) and assumpng /acefficiansy n of 85%, it
can be shown that the value of the required storage capacitor is given by. 39,795*100 C = 0.5*12702
_2682)' = 7,3971F It should be understood that whilegthe efficiency, rj 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 syat}s, while the output power (Pout_p) is 39,795 watts,

which is equivalent to an eﬁiciencﬁfw‘éwv@@,%%worage capacit8y 15 in the

power supply array 10 must be rated ovéer ,JOOu /3 . Each such capacitor is huge and bulky

and there are some 2724 such capacitqrs required in total, i.e. one for each high voltage power supply
T Sho I oS PR A5 At BHTALRL T B8 Bing at &7V

13. Likewise, assuming 4t the outp
and an RF outpotpealt poWeis dfi0Mpanshasswihihe capafiiciehayin fafl 26 ¥herany he: sibjeated to a

vottage rop ol A A SUBIECQMEH TR Y AR LG AU ARG H miRegRey: WO
2009/053962PCULL2008/001662 - 9 - 20*15 C 1
5  the efficiency in converting the input power (Pin_p) of the switch power supply 14 (i.e.
78 W) to the output power (20W) fed to the antenna element must be factored in.
In the power supply array 10 shown in Fig. 1 where there are 10368 antenna
elements 11 in total, some 10368 such output capacitors are required.
Yet a further drawback with such a circuit topology where 16 antenna elements
10 are powered by each switch power supply 14 is that failure of a switch power supply 14
results in 16 antenna elements becoming inoperative and this, of course, may impact
adversely on the magnitude and shape of the antenna beam. This drawback may to some
extent be mitigated by powering antenna elements that can never be energized simulta-
neously owing to their being on mutually opposing walls among different switch power
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.



- =27771F (s) =1* 0.5*k8.72 -8.22,1 0.26 The efficiency, of 26% must be taken into account in
equation (8) because the power of 20W is the output power of the capacitor that is fed to the antenna
element, while the initial voltage of 8.7V is derived from the switch power supply 14. Therefore. 5 the
efficiency inworeeestaagpthe input power (Pin_p) of the switch power supplyceh{izees/BY¥310 the output
power (20W) fed to the antenna element must be factored in. In the power supply array 10 shown
in Fig. 1 where there are 10368 antenna elements 11,n total, some 10368 such output capacitors are
required. Yet a further drawback with such a circuit topology where 16 antenna elements 10 are

powered by each sWikch aawer SupRiYs 45l s oL NGO WS-SR LR R I 1O

antenna elements becoming inoperative and this, of course, may impact adversely on the magnitude
and shape of tFPBRBAIABEN AT, TRAHRND RIS (o Kot sttt Bhith Rrder bpasswéitng antenna
elements that gamoeverpeigAaergized simultaneously owing to their being on mutually opposing walls

among different switch power 15 supplies. However, while this reduces the adverse effect of such a
failure it still results iﬁ?ﬁpﬂ%%a&nﬁgﬁ 8% %éﬂ%%e%‘brﬁ‘?ﬂﬁqﬂﬁcﬁé%eﬁ?ﬁ terdivgsorsratiRtare in a
switch power supehyt hda nonlinaloultidireretorespectiesisalpgd e ravicesadghaviertscp e anpddfor

energizing ant%n%gl&[gg‘%eQ}%‘g#%@r%%n%fss?ltré%aﬁegmenna wherein much smaller input and output 20

capacitors may be used and w ‘ more efficiently to independent operation of each
antenna element so &suplingdach dhéhngmiter wiviso pepplisetomgipeiti entonnalelemedstddadiie event of

a faulty switch powersgyenergy in each of the storage capacitors during both active an inactive
portion of a load switching cycle of the respective switch power supply to which the

10  corresponding storage 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

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.

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 p‘ortion 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



SUMMARY OF THE INVENTION It is an object of the invention to provide a power supply array for
energizing a 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 supphkyarrayugkeh lends itself more efficiently to independent operatipf sfigasisgulse load so
as to reduce the number of inoperative pulse loads in the event of a faulty switch power supply. WO
20091083962PCD1L20081001662 - 10 - Accor_di'lng to a first aspect of the invention there is
provided a method for supplying bursts of substantia Ily constant voltage to a plurality of pulse loads,

the method CORRKISING o 4AC¥IAIRNG A ar, é)u)% vaol[ age.current sources ach for feeding constant
DC current at a nominal \(;oeitage toal esf)ec%/ée sto}[}ailae %a%gc?%lop ‘@ach of fﬁﬁic i %1&61 gltﬁo a
plurality of swiWW@F@S?fﬁé&?@bﬂ}ﬂi?@@mh of the switch power supplies to respective ones of the

pulse loads; storing energy in each of the storage capacitors during both active an inactive portion

of a load switcﬁmﬁﬁﬁﬁﬁwﬁw%ﬁ%tﬁwwégpply to which the corresponding storage
ociati ith each of t (

capacitor in ass onw e swiich power supplies for feeding voltage to the respective
pulse loads during anrmstie potieref e deathswiichingCys!escaRehy it Ssl4pPiKingrtha Farad energy in

the respective storage capagcitor via the respective to.the respective switch.power supply to which the

storage ca%acﬁéarcféc%’o%np%nac}g 6% o Vlvgl o ﬁﬂegepﬁ?g%r’l%%dsb %ou%’l@ée F@%’\i\’/l?éﬁ%%@?l during an

active portion ofithesford sviitdiirngoyetenyingicoentingtovaisecond aspect of the invention, there is

provided controlled pgiye§ SURRM. QL SHPRIVIRG hyEsts S SHR, ti stant voltage from a voltage
W, ! Ril? ] % gﬁv@er%s%é%%g/} A DO z%gpower

reservoir to a plurality of pulse loads via a load switch, sa including: an array of low
voltage currenflycE@ B EurTetingcstimpsedprstant DC current at a nominal voltage to a respective

storage capacitor;  Fig.RwalineRf swiichenowies %tfseméﬁl% carpiRebioBRaRk 3bing SipfggcaPacitors
p

and respective, g%es of the pulse loads being coupled to each of the switch power supplies; 25each of
the storadg caB %) H’éilifé’(,lonfigured for storing energy during an

Fig. 3 is a schematic representation showing the topology of a power supply
array for feeding a puise 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. 5;

20 Figs. 7a to 7d are graphical representations showing current and voltage wave-
forms associated with the controlled power supply shown in Fig. 5 all drawn to a
common time scale;

Fig. 8 1s 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. 7¢; and

Fig. 10 is a timing diagram of the input current waveform to the regulator shown
in Fig. 7d.



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 loadswloriogassentive portion of the 30load switching cycle; and  pdhg FesH6slye Storage
capacitor being configured for supplying the stored energy via the respective to the respective switch
power supply to which the storage capacitor WO 2Q119/083962PCT/1L.2008/001662 -t - is coupled to
each of the pulse loads coupled to switch power supply during an active portion of the load switching

cycle. BRIEF BE§%EE9ES%WN@?MEW9{?H to understand the invention and to
mbodiment will

see how it may be carried out in 5practice, an e now be described, by way of
non-limiting examplelory, folithwiatedesaeptornhd aceomphmygingdhnimngstithydiabonentfigal is a

schematic repleseriaton shauing.ibe danslogk ot BUELALPoer SUBPI A fr feeding.a pulse

load; Fig. 2 1s a table ing ty | op€rating parameters for the power suppfhy array

10illustrated irgFig.a1commpigiudqyen se¢reinadl bepieséhedtionidemiomaethenopoivesyads.a power supply

array for feeding a pF@ﬂ%@@%%BQI&W@W&' RERPhIRS Wgé%%lhg to the invention
for feeding DC power to antenna elements 11 (constituting pulse loads) of a phase array
antenna. Thus, here also, four antenna arrays are provided each on a respective wall 12,
there being one wall 12 for each surface of the aircraft as explained above. Each wall 12
comprises an array of low voltage current sources 18 that are energized by high voltage

10 power supplies at a voltage of 270V and each of which serves as a constant DC current
source for feeding constant current at a nominal voltage of 70V to a respective storage
capacitor 19 each coupled to a plurality of switch power supplies 14. Each of the
storage capacitors 19 serves as a voltage reservoir for storing energy during an inactive
portion of a load switching cycle of the switch power supplies 14 to which it is coupled
15 when the antenna elements 11 are inactive and for supplying stored energy to the
antenna elements 11 during an active portion of the load switching cycle. Each of the
switch power supplies 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



Fig. 4 is a table showing typical operating parameters for the power supply array illustrated in Fig.2;
5Fig. 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 figgashghrying details of the controlled power supply depictgd fyngtionally,in Fig. 5;
20Figs. 7a to 7d are graphical representations showing current and voltage wave- forms associated

with the controlled power supply shown in Fig. 5 all dlr wn to a common time scale; Fig. 8 isa

timing diagram of the voltage waveform at the input of the DC-DC converters connected to antenna
elements shown in Fig..7a; 25Fig..9 is a timing diagram of the current waveform fed to the pulsed load
shown in Fig. 'Fg?gﬁdg IJlgFlg.W i@igg%tt?%?ﬁé' gi'algrlg%nlh%% %ﬂg ein%)uﬁf cﬁtrrteﬁtov?/tg\e/te oarh?i %Eltﬁ'émrceggulator
shown in FiQ. Pewen\sGp2B0088982P 1L 12008160 tBaRat11A URIEKF Al BDaDEBOR RTU@MOF

EMBODIMENTS, 1 1040 folaing dascrnvian gl emhasiinanl ofdheaxaptiginearmpanents that

are common to the power supply array 10 described above with reference to Fig. 1 or serve a common
function theret& WRFBETRiRE B iaenmeat rhasre i Eisutnaf@ilrsirpswishanyesh&mmboidgy of a

power supply afiRY-201EisCeHEIRG:Ebth arryaRtiamias feesinsnits PRNshiaanteanmelements 11

(constituting pulse loads) of a phase arr ntenna. Thus, here also, four antenna arrays are provided
each on a resp 8RBV, Ilt%aé,‘?%?é%et i B PP T2 6 LEH A 3 B AR X L AT AR ained
above. Each wibd2 soRigrisebeain atraynoflloveorndiagtes tranhsotipte snidhthal anenenergized by high
voltage be shared by a single switch power supply 14. It will emerge from the following
discussion that unlike the conventional arrangement shown in Fig. 1, the invention
10 renders practical the possibility of powering each single antenna element 11 by a single
switch power supply 14. However, it is of course feasible to share two mutually
opposing antenna elements 11 between a single switch power supply 14 so that in the
event of a failure in the switch power supply 14, only a single antenna element in the
active phase array will be adversely affected. Likewise, a single switch power supply 14
15 may be used to supply power to more than two antenna elements 11 that are in different
phase arrays and/or are otherwise so distributed so that the overall deterioration to each
phase array consequent to a faulty switch power supply 14 will be minimal.
Fig. 4 is configured in an identical manner to Fig. 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 (Ilinp) of 9A. Once the operating
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



10 power supplies at a voltage of 270V and each of which serves as a constant DC current source for
feeding constant current at a nominal voltage of 70V to a respective storage capacitor 19 each
coupled to a plurality of switch power supplies 14. Each of the storage capacitors 19 serves as a
voltage resepiyiolosigging energy during an inactive portion of a load switching,6y/6i§81 the switch
power supplies 14 to which it is coupled 15 when the antenna elements 11 are inactive and for
supplying stored energy to the antenna elements 11 during an active portion of the load switching
cycle. Each of the switch power supplies 14 has a r'e]'szbéctive output capacitor 17 that feeds voltage to
the respective element 1 thﬁt erves as a pulse lgoad. The curreng sources 18 and the switch
power supplieﬁlﬁ??ggﬁg?%ee Qéya%}&% nt%§l Iveoét?)%Weor s‘?fp%‘ﬁp?bﬁs p‘ﬁ&ﬁ‘ﬁg 2 Tgfg%?‘é’ﬁﬁg?‘éntially
constant voltage efaraagnitpatet®: RustanaattalantBagmad|@gnent detnfoomnistitiitipg drawitchdd 40dd) via the
storage capacitqr,19 (canstituting a voltage r voir-.as descri in.above-menti nedg 81843 and
as repeated ina(?géﬁsbpglg\?v%éw%é‘%?gsnuégl?g |gs.S g%%ciedl o ?h%PgréWfﬁ%%}lEfbg. FEHh #Bé_ IJsthowing a
breakdown of tiae bperatinghzathenctemsobtiheggowet sk apepphacitrayo? @ashawnimflg. S SThus,
starting fram the .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 totgg pg 24gewyveiage power supplies 18. Each of the 24 low
voltage power supplies 18 is coupled'to 2 ' tEuppliés a4, thus resulting® a total 30 of
10368 switch power supplies 14. Each ojﬁtﬁe ggvgitc_hagoxer supplies 14 supplies a single antenna
element 11, thus resylfjng in a total of 10368 antenna elements 11, i.e. the same number as in Fig. 1
thus providing a far CONUATGIPLBIMELR IS AHAHGEHBIE VN 561 B GR PP PR o0 1662 -

13 - shown in kigirwithityat oblrge b1 B. 1/thiss e hebiaird at dhelaigiseidhat eachaawicts power
supply 14 operates a sir;égle antinnaﬁﬁment 11 unlike t .arran§§ment shown in Fig. 1 where each

switch power srﬁ(f)op‘i?/rﬁl 6&3’[‘(@3 O A RNE S 6HRaAe LY ‘e8NS t\féntly, in the arrangement shown in
Fig. 2, a failure in a switch power supply 14 5.ill fgsult in only a single antenna element 11 becoming
inoperative@. In saying this, it is to be : is-glFady T8presents a signifigant advantage
over the topology shown in Fig. 1, the inveRtiaA also&8n mplates that multiple antenna elements 11
may be shared by a single switch power supply 14. It will emer%%‘;rom the following discussion that

unlike the conventionl BRGAEERehIOGRH Fignd, thishRhirsdineD Gamisrs praetcal th¥ possibility

of powering eagltsiadie aniep2 elgmant: 1dul A Sib gl aWEChaROYESUBREY s\idHRWeMRIet is of
course feasible tg.share two mutue%y cﬁa%p sing antenna elements 11 between a single switch power
supply 14 so tHat IRt SBRE 5P Filthash 1 %%P?Eﬁe}?owei’éyuﬁwvﬂ B ALY ESRt8Rna element

in the active phédseareayhwitiqoe alduensaly affectedid tkewwdehapsingleuppliehfpoaveulstippied 4 15 may
be used to. supply:p rato,more than two. pna_element that,are in different phase arrays

andior arg5 oth%gr)b)v\élls(é%vsx(? ’ggir}%%{%%eﬁ é‘SVEt)r\gt e?ov%?all\égtgeﬁgrg%loanvt(g% ecﬁ\b%é)s{e% %r a1§51 Sgg%gsequent to
a faulty switchqgpesetios pluss a4l (PBeim(atraatoltagerigyed 98 SoNYiyaedrd &b ibestosertiandler to Fig. 2

and will therefgeg,igh hadgsited 1y dataibatherdhanda emats habihe: ¥iss line of the table (TR)

shows the 20 operating parameters of each antenna element |l (constituting a pulse load) assuming
an input voltage (Vin)l8i%1827in&Rera SRR et iilinp)tesmnito nek mEspesdndiesatdmbters of
each antenna glgreeintdrenithinzabebvawiig perehsupphinBigre. determined, we can now work our

way down the table and ute the operating parameters of the switch power sypplies 14, then of
o SRS SRS e T STHEARAN, o e COPHRA Holber supply

each lowVvoltage current sourrétéaf’ﬁ?,a i
array 20. Sincefilebstauis]ares tabotateage Figml aanol agdetaibed 2kplanatidielefitheid d8rivation has

already been pigseed BN AIErerSa AShagn SOV NG ASSSHRRN #HhOB IR 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



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) tochdowgaeitage SPS's 14 is 5,618W and is substantially constant yeskidémaeas compared
with the much higher WO 20419/083962PCT/112008/001662 - 14- 46,817W required by the high
voltage power supplies 13 of Fig. 1. Thus, assumlnglghat the storage capacitor has an initial
70V, a permitted voltage drop of 50V and a 100pts pulse width and assuming SPS' s efficiency of

85%, then usiag-GGUANON; (2 4690 HESANN,

array of 27 SPS's 5is given by: 5 618*100*0.8 Q?] -202) ,uF212
assuming thatffiehsuipkn eb it iy élaeﬁnsa\mwtsmércénwyrwh@@mg sHBUb IR Vestage of

8.7V may be wt@mgdc&aemlt@geﬂ{@@m&w N @doDs FRsoYery iiee Shayalteafhirputput
capacitor 17 is glven pby: 10 78* 15 C=

5

10

15

20

25

30

a$ explained above and includes a switching element constituted by a PWM switch 29
that is controlled by a PWM controller 30. The PWM controller 30 is responsive to a
first voltage reference Vrer: for varying the average output voltage fed to the storage
capacitor 28, which stores energy during that portion of the duty cycle when the PWM
switch is ON. The storage capacitor 28 feeds voltage to the voltage regulator 26, which
ensures that the voltage across the output capacitor 27 remains substantially constant
and thus able to provide voltage to the load 22 whenever the load switch 23 is closed.

The voltage regulator 26 is a DC/DC variable input constant output (VICO)
device and ensures that the voltage across the output capacitor 27 remains substantially
constant. Under such circumstances, the energy that is fed to the load 22 when the load
switch 23 is closed is effectively supplied by the storage capacitor 28, since, even when
the load switch 23 is closed, the voltage across the output capacitor 27 remains almost
constant. Thus most of the energy supplied to the load 22 emanates from the voltage
stored in the storage capacitor 28 during that portion of the duty cycle when the PWM
switch 29 is ON. The storage capacitor 28 thus constitutes a voltage reservoir for
feeding substantially constant voltage to the load 22.

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,
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
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

voltage of

ewise,

“3%1?4 @&Eé%fﬁ%‘ﬂ%?o%&%@f&g%% @{fr for each



- 0.5*18.72 _8.22 r = 278pFuF (10) It thus emerges from Figs. 3 and 4 that by feeding constant
current at low voltage to storage capacitor during the inactive part of the load switching cycle, sufficient
voltage can be stored to completely supply power to the antenna elements. Moreover, the equivalent

input capacigy tQdhgsigtch power supplies for a pulse power 15 level OfPﬁﬁggoef%Bt[%ﬁ now C= 278
*6 = 1,668 [IF (at a voltage level of 70V) instead capacitor value of 10,238nF (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 dekFibe with reference to Figs. 5 to 11 a circuit for

realizing the switch power supply 14 in Fig. 3. 20Fig. 5 illustrates a controlled power suppl
arrgnﬁeénlentd 1;2% gﬁ%lﬁI&?ﬁé?éﬁiﬁﬁb;ﬁﬁiﬁ?ﬁf&%&ﬁﬁ?% %ﬁﬁxi éfﬁefeiof;g)rw €21to a
switched loa rega aapacitoo it Jimgacoedaneepuitivan roling tpresent
nventio. In 1N Gas BuNE AR BHISE, afls 8 e, AN IR ClSmED IS oA [pdar Phass allay, fhe voltage
source 21 may, for example, be a sy: tyem supply bus%aylng atectified finé 2 vgﬁe?'geelt could equally
well be a bankvotioattepiagleshfigiridintdthroviiacs ragetitd R¥e Vbkayedsteririped ofmesivitehing

converter 24 (eRNsYsing A dP CaHHRAR SoALE) fsrcannasied i thealiagesauigaRdeia:RE optional
input filter 25. An oudtl&ué of the switching convener 24 is connected to a voltage regulator 26 whose

output is connS&F8BYHS AR RHTABL SHHERD PEF SIS P AT BRE tet it Rety Badbie ThE Myitching

WO 2009/083962BCM 200880 1d6H2: cbbvetionyedead el desampaidhitscatiip wasipiiage

reservoir for stoglggtvol?@ernwhlch f(gr the. sall<e of gxplan |?n is. shown aslg%:storage ca‘grg%%?r 28 that

is external to the' swﬁ)cr;hlng corver ecrlﬁall. THE'SRAE fnotjl c%nvlé?telfl‘é%mrﬁ’gy A BUER O

Converter as expfaised abiovs amy ihcludesiausoitbhingereieht doastitutiet! By, aPWeN swtieh 29 5
that is copyrolls iy B, ENMGCORNRARE 0. B VAN SOREL 2043 (SSRAnSiVe g At vaiace

reference VREFL1 for varying the average output voltage fed toO the storage capacitor 28, which stores

energy during $ABRIGYVF tdhslspreyradyRd mepdep WReRIETe Hhis Bliaghe storage capacitor 28

feeds voltage to the yollagareguRtahZs, wﬁai%?%ﬂ@ar@&m@if e eltagRaRIPSS e RMtpYt gapacitor
27 remains subst ntiaIC{%S?%(r;fst nt irgnd thus able to_provide voltage to the load 22 whenever the load

switch 23 is cl8§8g™e et EYTIEREPHRAS H BEAsTa b Sh iR B Rbthe(vicO)

device and ensuiehithatshecvett@ge adrassuhenotiprilegpagitrediérremanprdbstantalleanstant.
Under sug circums ce%,uthe energy th%t is fe(ii to ti‘he load 22 ghen the Joad switch 23 is closed is
0 tage't 1onal to t

effectively supfﬁ?esarby the sfc?fq’aag(éoga cllltolflég since, BVERREH © measmfed cutrent.

The average current processing unit 33 operates to feed the resulting voltage to the

negative input an error comparator 36, whose positive input is connected to a second

voltage reference, Vrera. The error comparator 36 thus produces at its output a signal

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 Vrgr

and the current produced by the switching converter 24 measured by current

transformer 34. The reference Vrgr; 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 Vgrgr (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



15 the load switch 23 is closed, the voltage across the output capacitor 27 remains almost constant.
Thus most of the energy supplied to the load 22 emanates from the voltage stored in the storage
capacitor 28 during that portion of the duty cycle when the PWM switch 29 is ON. The storage
capacitor 28whusogoBsstiites a voltage reservoir for feeding substantially gonatanbs/obtage to the load
22. 20The power supply 14 operates to charge the storage capacitor 28 continuously during an
inactive portion of the switching cycle of the load swit¢h 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 eyglgawheninedoack suvidst; 23 is£l0sadnSiPaaihe POVIRE SRPY AH8R0eRRRE14 is
intended for supplying short, 25 intermittent voltage bursts to the load 22, the inactive portion of the
switching cycl®RmacHTBRGE tﬁgﬁw & XelfoRepbTEch SiFer wofdSU ALY BAFEHEM FHAS a low
duty cycle. Thisaarusesorgyttmbe Siacadncontirudiftlyeandigradualiiidding thadaaetbrenoertion of
the switching gycle at a rate that ensures that sufficient.voltage is stored in the storage citor 28 to
supply the Ioa(tijlylﬁ“éI whi et?i‘a%\e/o\fvcf“l‘1 ﬁ&?d%% \f’é%agedgﬂlrvggs that 30 WoUld i éivuemrtls?toﬁc%errggg\z[nding drop
in the line Vvoltagriroles & duirspeastvis tmidemp kiR Wivfreme peosassiater BRif@athasttges two
things. First, basedlon A repgiepinedauien that i Keisorired MMNGIar32idurng e active
portion of the switching WO 2009/083962PCIAL20081001662 - 16 - cycle of the load switch 23, it
computes an é%ﬁ@%‘%ﬁﬁréﬁﬂ‘ihé%ﬁ&ﬁﬂﬁ%é%‘f@rtﬁg Soraryeccapscisteislormgtnestiiagn longer

inactive pOrtiOﬂapidﬁierSlk/]@itfhﬂiéﬁldcﬁﬁ@dﬂiaeﬁﬂlyeoﬁlk@dgé&lfﬁﬁﬁEﬁt BRBIENNY Il daeStOsRRAD ﬁr?ﬁafg@rage
capacitor 28 to, su the Jload without completely draining the storage capacitor 28, The |
predetermineod'éﬁﬁ%%terﬁ%@v%pﬁgl&}rﬁ @Fe@%?é’i%ﬂ%@é“ggts%&tﬁ%?&%Fﬁﬁgg'o%orﬂ@%ﬁék}@ad
characteristicse@ecaondly, tire wviglagt auwraigiobaiasing tritf3&ibackreigdiieisiitutyclefahthe PWM
switch 29 in e, AULCHINA.CONVEHE, 24,3078 J°GH N8 CMRIEd L epLie IersiQrags capacitor 28,
In a practical implémentation of the v tion, thé average curre tB’rocessmg uni %may ea
computer thatigcisbisisdnte |oashsviheh 1B, aunvelpashhewigPrgMawirthr2dd and ettt

determines thep/pllage.te:5@ fedipdhrtops] %arﬂfﬁvv)%ﬂhaa&hscqwa@&%&w@ A RWIehe3 needed

to achieve this vo age, The manner in which the required control of the switching converter 24 is
A

performed is &5 MR e s s tisad s pitoatdit srdkedistpinedpirs $itstening

converten 24 aryiaciode oMl I aces AVEHRI BoIcORIRE dhe BLke Rtk SeaRRIBA 1Irasiuces a

corresponding,voltage that.is proportional to the measured current. The av e current processing
it 53 operat e AL LR SO RALR AOH B AECRER FUEAHCL or TR JAFAdEY SEPiuose
positive input mgchigettadtigasboctath voltddecaferanteoWR BERS thTisd @xdopcontparatonds thus

produces at i, gt signal balina (roan el e dIRIERESHMSS MG IOl Algdeed by the

switching 20 converter 24 an reference current and serves as a fe S r]aFfor
ensuring that B8 S \REEHRTYEShY shde. M wpaienasin ate desrdeserdbrstaperaiioartd the vitighdngut of the

error comparafey: 36 isfeddRagdirst ianut o weightingunit 30ganstitdiag Bugn addesyhgse second

input is connected to the output of a feedback circuit 38 whose input is connected to the storage
capacitor 19. FHREGOGAIR AR OB RS he LY SpesiietsihasS it falini @ tunction of
the voltage actasagheuotiputipdpawitohidg @rikthe other of which is a summing function of the
reference VREFI and-the current produced by the switching conyerter 24 measured by current
transformer 34, Thedrre eFé)rrllgré) égﬂ?s Sg\nvgfef’%)d’ﬁﬁ'yﬁga{%%a%%‘ fﬁeoaﬁ%t%ntgeeﬁselfrﬁgéﬁt ttl}ﬁlg average
current measuresdgyysoppiadt wahsforha? 8drimdithewivgppemsivthef Weigititwing 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



- 30 circuit 37, that is equal to the PWM voltgge reference \TREF' (corresponding to pin 2 of the PWM
controller 30 in Fig. 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 WO 2009/083962PCT/EL2008/001662 -

17 - compargtehafl/fegseesponding to pin 1 in the PWM controller 30), to whpse,Rasiiv&input is
connected the first voltage reference \TREF'. The output of the PWM error comparator 39 is thus a

function of the difference between the first voltage r_efI rence VREF1 and the weighted error signal
derived by the weighting unit 37. The PWM 5 controller 30 is responsive to the output of the PWM

error comparatQr 39 for adjusting the du cle of.the . PWM switch 29. The duty cycle of the PWM
switch 29 dete%%e'enﬁhoeweﬁ%%n%%%%ﬁfgéytégo%rgugnecggﬁgﬁté? f‘g%s gh%%zbg . }ﬁ/} (ir%o 58?%1 6I\l/e, the
storage capacitprctBshbideeioecs ufflzidhtiynolstrgbenthiritraainttits Sosnsbebidued vidtageudturing the

active portion ofithe, cysiewuaen HigJeashandtandada-c'aa8dFORChiR GRS i1 OHeqiremeat, the

weighted error signal balances the feedback signal indicative of the voltage across the storage
capacitor 19, ([BBYIfFEERRy cycle of the PWM switch 29 is adjusted to ensure that the output of the

switching converter 24| adesraately thargariRSigsage aapacitarid Indsuingohathaisiactive and
inactive portions,of the cgg le,, This .ensures that evglg dl{{ingéthe active portion of the cgcle when the

load switch 1595798 HBEEH e Tl GERLCHEt Gt d i TRRSURNSY b e Aol Ale Mspacitor 19
so that some rdsidvaltagi acfermad\Ways leftfad the stoltage refpenitoteBinAl €pénthis) nbdrdonandany slight
voltage shortfa Id ac ' hus leading to the eventual.failure gf the storage
capacitor 19 togéﬁgﬁge%%#?ggﬂ%ﬁgg\é%%%pﬁé ‘?%&% %]ﬁqr(fﬁgnt c(teegéﬁs e cpébvr ? nt %ﬁ} 3%% e(f
Moreover, owiré\B thendeat fipjasl Gpardtenretess vwéightirtylord enrests hraseditagdhfecuretite load 22

is essentially supRligehcempletehsdy Hichsintage cRRAriE LA RRA IR Y UARR ACTORS the cHfPUt

capacitor 17 is substantially constant throghout the whole switching cycle. The controlled switch

power supply TOERE B)stiihehtaraadd bhahestripindamingy atfopmeaeshesaered fiAng the

active portion afoihe Bwitehingaey ole tisesionathinb dychasging dhe suagesapasioN gragkally at a

constant current whose magni |s adjusted by the average curre ssing unit 33 (Fig. 5)

based on the pSOE\?\f(%%efc? Be Cf@)ar %fr?léhfoéec%pff ¢ ﬁr%aéeé%rﬁlﬁgglgucgrﬁ%%g%ﬁiﬁwlg eﬁ\'ﬂ‘/i%ﬁﬂ%ng cycle.

This avoids. suddbmmeﬂo@d@gmqmmfbmmlﬁég@wmﬁe a?ad.ravan'msdzlieermfgehmlv‘m Idw!ky RFI

fuer at hadnpuh oM areanS PRI AN eserRsd IeRREIRKE ORI REigl now be
owing details o

described with reference to Fig. 6 a high level circuit diagram s the controfied power

supply 14 deschitsedirisidranyartn seteedi¥disigh 89 vhrvniadtisrSof Fig. 6 is to WO
2009/083962PCIAL20@818018820f 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 Vreps via a resistor R10. The
reference voltage Vggr; 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 capacitor C12 and the resistor R10 are selected to set the integration averaéing inter-

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



- 18 - present how the components shown functionally in Fig. 5 can be implemented in practice.
Therefore, only the most salient features will be described since the circuit diagram provides a fully
enabling disclosure sufficient for one skilled in the art to carry out the invention. 5Thus, the heart of the
controlled pewweiosuipglys14 is an SG1825 controller 30 which controls thepgwitehipgoepiaverter 24 and -
constitutes the PWM controller 30. The first voltage reference VREFL1 is fed to a voltage reference
terminal (pin 16) thereof and positive and negative Dlg power supply rails are connected respectively
to the Vcc and CND terminals (pins 13 and 12, respectively). The load current is sensed via the
current 10 transformey, 34 across whi re.gonnected respective source inals of ir of
VOSFET switohes 41T L e AR i

part of the switahiflg doniestiberxdicsiadis edime cedbods GNOWiedibe theorgeioapamitdp ol e

respective gate;lesningls ofiRaIMOS MRS suilches Slaantidd hake S olrthby.tesrertye drivers
35a and 35b, that receive drive signals via the 15 PWM output pins (11) and (14) of the SG 1825

controller 30. TheMeisFeThGprAte 1R A 81HR AN petbithasitheopligwicdwitch Bedkstn in Fig.

5. For the saksiatcladty thectidHant srpnsiRiner (B84 issbawndwyios inske figare, 5.ewrtugddition with

regard to its coanp%c}ion t? trhfg53182§legoar;tgoyelr 30, it is also shown with reé?pa}ég to its signaling. Thus,
|

its output represgnf)at?vgpo thé CUMent séhde éaé%%)?%u?rré”ﬁ PEPFEH S cé’bap?er(?viq'éoé pair of

rectifier di(_)desFDI mntlheDQa,thVideSH” r@spectiﬁeroa'ﬂr@ql% at&ictt_)munwomwm)ﬁm@mg fopmtredisher R6,
across which (QeygyisshinIRAAedA valiagn.ihal s oRanakip ihe euTSDRSRISGHPEUTent

transformer 34. The resistor R6 thus functions as the current-to-voltage converter 35 shown in Fig. 5.
The positive teitpitiir diede Pésiuts fiRetiens g e el gbtig ypéisiivampuirofignSOrhag putpsta6 to
whose negativg ippubis ledHbhesebarenctanltpgen Risfodyia arasister AP 4bhe rrigienggvoltage
VREF?2 is derived at the output of an OP, AMP 36 that is connected as an inverting amplifier whose
input is fed to SVARABREBRCUBTHCROACIPALRECE $8°%Md Blrgsidtor R3 are connected between the
negative input and theiautpuindf theOReAMRré8e Ho QIRAME: Abthuaiopesateaasainivmiagrator and
functions as the avera rrent 30 processing unit 33 s nin Fig. 5. In accordance with one
embodiment, tﬁoem\/%(fﬁeé%s%o%fhaen%gz a%$5F18%§%%§ tﬁélsré)éi%% =] aLa%ra g‘é’lté)étgtitho%élt %Hseull}ﬁegration
averaging intetbalfreduergrebrdentofnalagnitiater | gl thalrethe 18dfesirqectétipalsefietattinterval.

WO 2009/083962R G RORRAIGHEER:: Mer theT 5 PUIBLEARIE ARAMB,AB i iRd o Auatable

resistor VR1 connected to the anode of a rectifier diode D5, whose cathode is coupled to the inverting

input (pin 1) of{PéRE=E1RES BantroieY . it RECTeRdtRIe Voitdye &Y tpirpateofiressieagbYegulator

26, is coupled tarthg-positiverap ueafame B Al B 88Hbabisceapfiguedaa s fendhrsinanplifier and is
functionally equjvalent tQ the feedback loo shown in Fig. 5 through a level adaptor 47 connected
as a voltage bd’ffém%ﬁé E?LRB’U(I) %fagb%ﬁg%oif%{'a resistor RI to the cathode of the rectifier diode D5

and thence to the invE€ignd injoulbhtd ergii82 SapoetotieinsO sidheicg mbiatian obigeesistors Rl and

oLt 100 s o o s L A L g o
the average cuiP8REPRAEREMIS-uNit 33 shown in Fig. 5. Pins 5 and 6 of the cor;troller 40 allow for

connection of externgtimyngCampeReRta R IraRd Vol ehiISLPY: Siesigior SR aRstansgpacitor Cl |
for adjusting the frequencl)]/, of an internal oscillator. Pin 8 of the S01825 controller 40 is a soft-start
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 quaﬁtatively in Fig. 7c; and Fig. 10 is a timing diagram of the input current



- 15 input that is held low when either the controller is in the micro-power mode, or when a voltage
greater than +1.4 volts is present on pin 9. Thus, by applying a voltage signal of sufficient amplitude
across the diode D4, the optocoupler U3 feeds a shut down signal via diode D3 to pin 9 of the
controller. woq FigSednde 7d are graphical representations showing currept-ancyRiaagwave-20
forms associated with the controlled power supply shown in Fig. 5 all drawn to a common time scale.
Fig. 8 is a timing diagram of the voltage waveform atzbhe output of the switching converter. This
corresponds to the waveform across the storage capacitor 19 as shown qualitatively in Fig. 7a.
However, the time ase | 7a s mug more rea 25 that t me for the voltage to fall
from 101V to 8‘%75 seen w@% be apr)srciq')}(lf)matéuga%ﬁr\rres w Pcr:a n?(?jecrlcatesn%ﬁft IS—'lg 1?agshows the

voltage only owmmmdf@aﬁm@kMQWM@meﬁbfﬂm@i@pfdiqmaﬁeﬂbraotmpnbfre‘fai‘éle to the

subsequent voltage ingy @%%é@%&@@éy&aﬂr%x (&g, b DS dRkIDesiRAge Gapgeltor 26 (o
fully charge to its full voltage of 101V is seen in F}g 8 to be just under 1 ms. This 30implies that only

approximately CEREHEPK th Eh% AgEy Y éndw rn"m’@h?é approgigatelx 4-{inth @ tifke 4 of the
current wayefasygiéed to the pulsed load 22 as shown qualitatively in Fig. 7c; and Fig. 10 is a timing
diagram of the input curyent WO 20 9/083%}962 CT/%L2008/OOE 628 20 - waveform to the.regulator
26 a5 shown qualitacel)n 1593, FEAPGeR b AT Bhr8tn BF (TSt HREEHf Figs. 9 and 10
with that of Figchésgtida: tieabiylseavidititsthakhs ahiapbryxipeédeudliditidngtd s, ecrtise ﬂme for the
voltage across, e 1008, EARRCINA HiofRldiRm ASE XL V) WS B ARPERNIAIF I drfenth of the

duty 5cycle us eme ges from the above drscussro att e storage capacitor 19 I1s charged

gradually over%mpr@&emﬁ%omﬂs\’dmyﬁ%%l@aﬁ endiseiningeacsbriptly ehagss Meskshdrpeats thenly
one-tenth, gf thg gty g%qlgpﬁoég%g sigeedvRfRestglls only from approximately 101V to 82V, thus

maintaining most of its chaggé@ﬁ y such means the 10load on the input remains substantially constant.

Although the inventiof/ /48 peatipe daviberdataard agth o adergegrriiosR et adiply for

supplying powgeiethepinadoitsaiplendidristaodnriag, e ctificst Abdpevset sh@plystieiealsa be used.
It will be understood that while the pecrfr phased array antenna described 15 above has four walls, in

practice a diffef@REhTHABEr EHV: ?s e used so long as a required field of view can be achieved
using all the walls. It Mﬁdevbrsemddnd@drkiethm‘/emmm thasspeeicdpistel edmyt peantie udasordgard to

Sunping RowsIR BIERa? Slfmansalaeusard e aRleIad vilhe anpaca RS

prrncrples of the invention may pplication also with regard to othertypes
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 energized

at different points of a supply cycle.



200f pulse load, particular where a plurality of pulse loads must be sequentially energized at different
points of a supply cycle. - 21 - CLAIMS What is claimed is: 1. A method of supplying burmm@
substantially constant voltage to a plurality of pulse loads, the method comprising: providing an
array of low voltage current sources, each for feedi‘n%lc‘onstant DC (Direct Current) current at a
nominal voltage to a respective storage capacitor, each of which is coupled to a plurality of switch
power supplies; 1\‘!&upling each of the switch power supplies to a respective output storage
capacitor for fepghing voltagg te. the pulse load,; storing energy in each of the storage capacitors

during both active and inactive portions, of a load switching cycle of the respective switch power
supply, to which the &Wé@&%ﬁﬁ@%@f&é&@&%ﬁﬂﬁ%ﬁ%ﬁ&Pfﬁﬁ%%m#a&?&ﬁe?g@%aéﬁé pspective

pulse loads duiing amastive pertion afitheitoad switching cycle; and supplying the energy, stored in

the respective storage capacitor to the respective switch power supply, to which the storage capacitor
is coupled, and then %Oé’hgéﬂgo?ﬂ\%rmso Iiﬁ%l% tighg %%ﬁ%%%n%%%%ﬁé%%@i&%&%ﬁ% cycle,

wherein the supplyidigeof Saig@netgyreamprisaseompuiinganaveragecusansthat shawitbbe fed to
the respectiveegg%rgpe capacitor in grder t(? ensure that sufficient energy will be stored in said

respective stofage Lapaciar & TReH the RINE B, SHtHEPLUSEEHPATG completely draining said

respective storage capapitog. 2cHhef niethodtelcqardingsipplasm td, vhersiotisepplying hergrergy
stored in the reﬁgectiv%osrt?ggcﬁe cagﬁgitg{ot%ghe Eees%ea%t_ive switch power supply comprises:

supplying contin ua&ljtgrenergy othe regpectlve ps‘fosrage Capacitor at a substantially constant current

equal in magnitude tettha@avecageiouraentf SicTherapethpddcesrdlingddefhimtlfuntharacanprising:
feeding energ%&ﬁi&%@ 5?%H‘888"s?~§tt&{€v)%ec§§1%%‘%”i%€: ‘{é%‘pae&‘{{’z'éc&'?&}?%Q%%?t‘?ﬁpgf}q to which the
corresponding storage capacitor is coupled, for feeding voltage to the respective pulse
loads during an active portion of the load switching cycle; and
supplying the energy, stored in the respective storage capacitor to the
respective switch power supply, to which the storage capacitor is coupled, and then to
each of the pulse loads during the active portion of the load switching cycle, wherein
the supplying of said energy comprises computing an average current that should be
fed to the respective storage capacitor in order to ensure that sufficient energy will be
stored in said respective storage capacitor to feed the pulse load without substantially

completely draining said respective storage capacitor.

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

substantially constant current equal in magnitude to the average current.

3. The method according to claim 1, further comprising;

feeding energy to the respective storage capacitor via a switching converter;
and

varying a duty cycle of the switching converter to produce a desired average

current.

4, The method according to claim 3, further comprising;



varying a duty cycle of the switching converter to produce a desired average current. MCSI‘@ES'L%.%"

varying the duty cycle of the switching converter so as to maintain the current supplied by th

switching converter at a level slightly above an average current required by the pulse load. 5.The

method according to claim 3, further comprising: - %&tting an integration averaging interval of the

switching converter to be.an %éjgr of maﬁgrg ude larger. than a largest expected pulse load interval. 6.
I, S

The method according 1 BT 1¢WhE&R; e BEILBASARVETES 88 o BAKAG! the SR power

supplies. 7. Thepplathdd ateominglinglaimvieraherein atlgast pvayob e pulseleadsasarsaipled to
each of the switcf&ipo ert%léggllf’es 8. The method according to claim 1, wherein the pulse loads are

antenna elements of a B/has asl?rg))?%ntenna. 9. A controlled power supply configured to supply

bursts of substantially constant voltage from a respective storage capacitor to a plurality of pulse loads

via a load switgh, sai¢.power supply comprisi %q: arra% of low voltage current sources, each for
feeding constagrit DC E%rg}:%{ OuHrragjr%rcbn etPlth g%bﬁ%% o {g@%ngga respective storage capacitor;

a plurality of switch psstterssapplidsgcoigled ¢ogiaghi ofetivel stfréagescapaitor ane i tespegtive |OU|§e
loads; eac 0 itors being configured, for,stqring.energy during both active an
inactive portiogg%%g?lrglég%%%gg% %é)?gf)élgflﬁ%g%er%g)ﬁ %%%Cel Wi %%O%(gé\rll 7 }Fl)ply, to which the
corresponding storage capacitor is coupled, when the pulse loads are inactive; a respective output

storage capacior in assoaHRNILERRY of il Roer supplies L fgsdng voliges Ig he
respective pulse loads during an active portion of thé load switchin cfc €,
each of the switch power supplies.

7. The method according to claim 1, wherein at least two of the pulse loads are

coupled to each of the switch power supplies.

8. The method according to claim 1, wherein the pulse loads are antenna

elements of a phased array antenna.

9. A controlled power supply configured to supply bursts of substantially
constant voltage from a respective storage capacitor 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 (Direct
Current) current at a nominal voltage to a respective storage capacitor;

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

each of the storage capacitors being configured for storing energy during both
active and inactive portions 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 storage 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;

the respective storage capacitor being configured for supplying the stored

energy to the respective switch power supply, to which the storage capacitor is



the respective storage capacitor being configured for supplying the stored energy to the respective
switch power supply, to which the storage capacitor is MCSLLP - 23 - coupled, and then to é‘é@l’%/‘o\fp
the pulse loads, during the active portion of the load switching cycle; and an average current
processing unit responsive to a predetermined curredfthat is to be sourced by the pulse load during
the active portion of the load switching cycle for computing an average current that should be fed to
the respective SBPXIE BAP4RRBrIToBRBLAE thaPuliidrasse ARG it B EreraertiPend fagperdive
storage capacieitihigedsitie; putse load without substantially completely draining said respective
storage capacitor. 10.The controlled power supply according to claim 9, wherein for each of the switch

power supplies there 18 8RB SNt Y QO Up ErSRRIBEY ©H0AIBLHS ARt S8 irHeit
processing uniisaorfigivieddd syl cRativabus -BRENgY 4Qithe eEpe CHMBSIoFage RaRAGIAICRE 2
substantially cgnstant cuérrent equal in ma nith]de %? ﬁé%ggecgage current and configured to generate
switching signafs fOF 6L Aty SpEn Y &aid13hY'e FhIPE APty ecyeragh sepacitor
commensurateonitisuespectivettications gf thillasive portionanddhednastiverpastion el iheswitching
cycle. Il. The cgntrojled power su according tq.claim 10, further comprising in respect of each
controller: gégcv{v? C%Pn%sgo%e/ae&%ﬁrhé& t?%ﬁ(%%&%i?éyﬂwlge\j\ﬁ% For e pilSy B R Yoitadi8 @8tirce and
producing an eatpettecltage; and a storage capacitor for storing energy and for supplying the
stored energy tq the load during,the active portion of the load switchin cle; said coptraller being
coupled to thega\ivitch:i;‘lgg;e c%or?\élé(gtlggfg?\f)/afs%B\?\ﬁtgfhaﬁ%r u Pagtin% fhygenﬁ I\%%\ﬁ?gﬁi%fze.afﬁeo%ﬁfrolled
power supply avttstdingvie slaiphi, thdrernsinompritied:average current processing unit comprises an
integrator having a c itor and a resistor selected.so as,;to set an integration averaging interval of
the integrator to be aaﬁpc?r%[ggotgerglfgﬁﬁ%%\g%rﬁg}l ?%.CI{’I t%ge%%?g%\s;?g%eg efjﬁrﬁ)ulgéclcc)eg(sjg?ﬁte?\r}gl of the
switching conweniégutd. Thewmrotiedipower supgly acdbedirgertiainstragbeceinatsingteapulse load

is coupled to e&%@t&ﬂﬁﬁﬁfﬂ'&%@tﬁ%@&?&ﬁp'é‘aﬁzﬂ in magnitude to said average current and
configured to generate switching signals for closing and opening said load switch at a
rate and duty cycle that is commensurate with respective durations of the active

portion and the inactive portion of the switching cycle.

1. The controlled power supply according to claim 10, further 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 the stored energy to
the load 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, wherein:

the average current processing unit comprises an integrator having a capacitor
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 claim 9, wherein a single pulse load

is coupled to each of the switch power supplies.



MCSLLP - 24 - 14. The controlled power supply according to claim 9, wherein at least two of the
pulse loads arc coupled to each of the switch power supplies. 15. The controlled power suppf{CSLLP
according to claim 9, wherein the pulse loads are antenna elements of a phased array antenna. 16. A
phased array antenna system comprising; a pIu'rglﬁty of modules each containing a plurality of

antenna elem%ggs ad?gted t% a?eacg over a égfeterm@]ed {lel of Véev\\{;' and ares eCt'ﬁt controlled

power supply, accordlnS foclain g?%?rssu ir?cﬁcﬁrow%% 0 H%ntén%%“é’lréﬁ‘felﬁ?ﬁtiﬁ each'ffodule.

pulse Joads are coupled to each of the switch power supplies.

15, The controlled power supply according to claim 9, wherein the pulse loads are

antenna elements of a phased array antenna.

16. A phased array antenna system comprising;

a plurality 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.



