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Pat e ation Serial no. 09/009, 210, filed June which is a
contﬁhggpﬁghgof U S. Patent application Serial No. 09?836??%%@8%iled
January 20, 1998, now abandoned. Technical Field The present invention
rel ates generally to power 10 conditioning circuits, and nore
particularly, to power <conditioning circuits that protect attached | oad
equi pnrent fromvoltage and current surges due to, for exanple, |ightning
strikes or other power disturbances. Background Art 15 Power conditioning
circuits have long been used to protect sensitive |oad equi pnent from
transi ents caused by Ilghtnlng strlkes n0|se and ot her power |ine
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away fromthe |oad. See, for exanple, Speet et al. U S Patent No.
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This application is a continuation-in-part of U.S.
Patent application Serial no. 09/009,210, filed June 6,
5 1999, which is a continuation of U.S. Patent application
Serial No. 09/009,210, filed January 20, 1998, now

abandoned.

Technical Field
The present invention relates generally to power
10 conditioning circuits, and more particularly, to power
conditioning circuits that protect attached load equipment
from voltage and current surges due to, for example,

lightning strikes or other power disturbances.

Background Art
15 Power conditioning circuits have long been used to
protect sensitive load equipment from transients caused by
lightning strikes, noise and other power line disturbances.
Traditionally, filter elements are used in the line and
neutral conductors which trap and/or shunt unwanted power
20 frequencies away from the load. See, for example, Speet et
al. U.S. Patent No. 4,814,941 and Taylor et al. U.S. Patent

No. 5,490,030.
Muelleman U.S. Patent No. 5,448,443 discloses a power

conditioning device and method including an isolation



Muel  eman U.S. Patent No. 5,448,443 discloses a power conditioning device
and net hod including an isolation WO 01/41278 PCTI USOQ' 31199 -2

trans ving prinmary and secondary sides and a gj edance
conne%@%gﬁﬁéﬁﬁeen the secondary side of the isolation ?Hgns égﬁer at a
safety ground and an earth ground. The Muiel |l eman devi ce prevents ground
current loops 5 by redirecting transient ground currents to neutral, but
does not provide current limting or noise suppression. WO 01/41278

PCTI USCO' 31199 -3- Summary of the Invention A power conditioning circuit
is sinple in design, yet effective to?timt damaging transients. 5 Mre
particul arly, according to one aspect of the present invention, a power
conditioning circuit for conditioning power supplied by a power source at
a noni nal tdarsdgamey bevingipeimameutarsl Sam@ngauyndideadandoasgroundirst,
second and thisd out ut | i pe spectiv , 10 includes, a first, second

and t hi r d G5 Cthe PPPEFtéaagé§% %o ct@ﬁcPﬁg?ﬁﬁ 15 Réut FB® and

groung condist Ao aRdnksoanapt et ta PEQFAOE WLRGE SHPPLESSLQPrn The
secon

ground. The Muelleman device prevents ground current loops
5 by redirecting transient ground currents to neutral, but

does not provide current limiting or noise suppression.



stage is connected to the first stage, and includes first, second and
third inductors coupled in series between the 15 line, neutral and ground
conductors, respectively, and the first, second and third output |ines,
respeWoioVdi278 and all of the power supplied by the p&@&EUSIHBL to t he
first, second and third output lines flows through the first, second and
third inductors. Each of the inductors block 20 power at frequencies
greater than the nom nal frequency thereby to prevent power at frequencies
greater than the nom nal frequency fromreaching the first, second and
third output lines. The third stage-iks connected to the second stage and
is further connected to the first, second and 25 third output lines and is
adapted to provide voltage suppression and voltage clanping. WO 01/41278
PCT/ USOQO' 31199 -4 According to anot her aspect of the present invention,
the first stage includes first, second and third netal oxide varistors.
The first nmetal oxide varistor is coupled between the |Iine conductor and
the neutral conductor_and 5 the second netal oxide varistor is coupled

bet ween tfgl he ground conductor and the third netal

oxi de VariStOrAiﬁo&EEH%éﬂhf%¥3M¥Hbté¥%éﬁ§grfg é%%ﬁ%éan &ggign, yet
effective to limit damaging transients.

5 More particularly, according to one aspect of the
present invention, a power conditioning circuit for
conditioning power supplied by a power source at a nominal
frequency over 1line, neutral and ground conductors to
first, second and third output lines, respectively,

10 includes a first, second and third stage. The first stage
is connected to the line, neutral and ground conductors,
and is adapted to provide voltage suppression. The second
stage is connected to the first stage, and includes first,
second and third inductors coupled in series between the

15 line, neutral and ground conductors, respectively, and the
first, second and third output lines, respectively, and all
of the power supplied by the power source to the first,
second and third output lines flows through the first,
second and third inductors. Each of the inductors block

20 power at frequencies greater than the nominal frequency
thereby to prevent power at frequencies greater than the
nominal frequency from reaching the first, second and third
output lines. The third stage is connected to the second
stage and is further connected to the first, second and

25 third output 1lines and is adapted to provide voltage

suppression and voltage clamping.



the ground conductor. Preferably, the first stage includes a capacitor 10
coupl ed between the neutral conductor and the ground conductor. According
to yet another aspect of the present invention, the %gké% é e includes a
firstWROAI278xi de varistor, wherein the first netal i 0@'3 stor is
coupl ed 15 between the neutral conductor and the ground conductor. The
third stage may further include a second netal oxide varistor, wherein the
second netal oxide varistor is coupled between the |line conductor and the
neutral conductor. 20 In addition to the foregoing, and according to a
still further aspect of the present -dnvention, the third stage includes
first and second diodes coupled in anti-parallel relationship across the
neutral conductor and the ground conductor. The third stage nmay further

i ncl ude a capagbt6fd2iy o plest et vassedtheoMaeidd @raaitucipreradichd,he ground
conductor. According to yet another aspect of the present invention, the
first, setbad fkest hPEAIRndilodesar BiEstmosenpendl/and78hpod| 0s0@131199 -5

oxide varistors. The first metal oxide varistor is coupled
between the line conductor and the neutral conductor and

5 the second metal oxide varistor is coupled between the line
conductor and the ground conductor and the third metal
oxide varistor is coupled between the neutral conductor and
the ground conductor.

Preferably, the first stage includes a capacitor

10 coupled between the neutral conductor and the ground
conductor.

According to yet another aspect of the present
invention, the third stage includes a first metal oxide
varistor, wherein the first metal oxide varistor is coupled

15 between the neutral conductor and the ground conductor.
The third stage may further include a second metal oxide
varistor, wherein the second metal oxide varistor is
coupled between the 1line conductor and the neutral
conductor.

20 In addition to the foregoing, and according to a still
further aspect of the present invention, the third stage
includes first and second diodes coupled in anti-parallel
relationship across the neutral conductor and the ground
conductor. The third stage may further include a capacitor

25 coupled between the mneutral conductor and the ground
conductor.

According to yet another aspect of the present

invention, the first, second and third inductors are common



node i nductors each having a core and a set of first and
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of thé prEseERber nvEHRRA mpgtyeen the neutral conductor and the

10

15

20

25

second output line via the second winding of the first
inductor and the first and second windings of the first
inductor are wound around the core of the first inductor.
The second inductor is coupled between the neutral
conductor and the second output line via the first winding
of the second inductor and the second inductor is further
coupled between the ground conductor and the third output
line via the second winding of the second inductor and the
first and second windings of the second inductor are wound
around the core of the second inductor. The third inductor
is coupled between the ground conductor and the third
output line wvia the first winding of the third inductor and
the third inductor is further coupled between the 1line
conductor and the first output line via the second winding
of the third inductor and the first and second windings of
the third inductor are wound around the core of the third
inductor. The first, second and third output lines of the
power conditioning circuit of the present invention may be
coupled to a load having a capacitive impedance and the
first, second and third inductors may be rated to

compensate for the capacitive impedance of the load.

circuit



coupled to a | oad having a capacitive inpedance and the 25 first, second
and third inductors may be rated to conpensate for the capacitive

i mpedanc the |oad. WO 01/41278 PCT/US00/ 31199 -6 g&,hed cts and
advan?gﬂﬁgg%? the present invention wll becone apparent Jggﬁge
consideration of the following draw ngs and detail ed description. Brief
Description of the Drawings 5 Fig. 1 conprises a schematic diagram of a
first enbodiment of the present invention; and Fig. 2 conprises a
schemati c diagram of a second enbodi nent of the present invention. WO

01/ 41278 PCTI USOQ 31199 -7 Brief Desd&iption of the Preferred Enbodi ment
Referring first to Fig. 1, a power conditioning circuit 20 having a set of
first, second and third stages 22, 24 and 26 is connected between a set of
line, neutral Dtaed gepeods canduzdvrst@$es 30f BR2e gk sesetimferouiquut | i nes

34, 36, 38. _The line, neutral and round,gonductors 28, 30, 32 qg% be
connect ed¥itd ta RESHANST FRRALHYr cRPOF FBREFIREAtLPRa Jthiferf PV %bur ce.

The first 3,5690088 and WRkbd91ed description.

Lot s £t .

5 Fig. 1 comprises a schematic diagram of a first
embodiment of the present invention; and
Fig. 2 comprises a schematic diagram of a second

embodiment of the present invention.



stages 22, 24 and 26 are arranged such that power entering 10 the power
conditioning circuit fromthe power source 40 first flows through the
first_st then through the second stage and | astl st age.
Upon ‘ﬁ%ﬁast he third stage, the power reaches the ?%&)ﬁl{lﬁgs 34, 36
and 38 which are connected to the |load(s) 42. The |l oad(s) 42 15 may
i nclude, for exanple, a power supply 41 that is coupled to an electronic
device 43, such as a conputer. The first stage 22 includes first, second
and third netal oxide varistors (MOVs) 44, 46 and 48 connected across the
i ne and neutral conductors 28, 30, tti& |ine and ground 20 conductors 28,
32 and the neutral and ground conductors 30, 32, respectively. In
addition, a first capacitor 50 that preferably, although not necessarily,
has a rating of 25 mcrofarads is connected across the neutral and ground
conductors 30, 32 25 The second stage 24 |ncludes first, second and third
i nduct or s =8 efgpescriptics 8 SEF fiCilke line, neutral and
round conduct 2, 41278 BCT. 3
?espect ively. get%%lr éos?ggg{%%t%;\? ﬁg)%%es?id fguréﬁ%%\/ %(é%?%%ln%nelcrf%d
bet ween nedticalitard grastingy conghtctef SE¥btgntkeddbnd and third stages

22, 24 and 26 is connected between a set of line, neutral

5 and ground conductors 28, 30, 32 and a set of output lines
34, 36, 38. The line, neutral and ground conductors 28,
30, 32 may be connected to a commercial source of power 40
or any other power source. The first, second and third
stages 22, 24 and 26 are arranged such that power entering

10 the power conditioning circuit from the power source 40
first flows through the first stage, then through the
second stage and lastly the third stage. Upon exiting the
third stage, the power reaches the output lines 34, 36 and
38 which are connected to the load(s) 42. The load(s) 42

15 may include, for example, a power supply 41 that is coupled
to an electronic device 43, such as a computer.

The first stage 22 includes first, second and third
metal oxide varistors (MOVs) 44, 46 and 48 connected across
the line and neutral conductors 28, 30, the line and ground

20 conductors 28, 32 and the neutral and ground conductors 30,
32, respectively. 1In addition, a first capacitor 50 that
preferably, although not necessarily, has a rating of 25
microfarads is connected across the neutral and ground
conductors 30, 32.

25 The second stage 24 includes first, second and third
inductors 52, 54, 56 connected in series on each of the

line, neutral and ground conductors 28, 30 and 32,



In addition, a second capacitor 62 is coupled between neutral and ground
conductors 30, 32 and first and second 5 rectifier diodes 64, 66 are
connected in anti-parallel relationship between the I d ground

i neYOIMH2T (st second and third MOVs 44, 46, 48 ofpfﬂggﬁ)ﬁlfgét stage 22
limt the voltage magni tudes appearing across the line, neutral and ground
conductors 28, 30, 32 10 by shunting currents during voltage spi kes that
exceed a threshold voltage. It is preferable, although not necessary,

that the first, second and third MOV's each have a rating of 150 volts
RMS. The first, second, and third ind8etors 52, 54 and 56 15 have rating
val ues that attenuate transients having one or nore frequency conponents
in excess of the nomnal frequency (typically 60 Hz) of the power supplied
via the féggactiewlial ameé ghdudd ster@uctoiscdadedda 26urkh MoV poeferabl e,
al t hough not necessary, that the inductors 52, 20 54 and 56 each have the

rating ofCERRFGIGhORTESTY MPPLIPHe 20K BFOSPEgECPEUSEEFFeS9ed P8BSt ant i al |y
att enuat ot b IHE TPt dart Sobon g BRag00s 5 212 Wty BEEBRerl) (e
fourth Mde®brdi mahe fheunagebhadecotst Be, 252vahtiagessappaar segoad t he
neutral and/or ground conductors _ )
5 rectifier diodes 64, 66 are connected 1in anti-parallel
relationship between the neutral and ground lines.
The first, second and third MOVs 44, 46, 48 of the
first stage 22 1limit the voltage magnitudes appearing
across the line, neutral and ground conductors 28, 30, 32
10 by shunting currents during voltage spikes that exceed a
threshold voltage. It 1is preferable, although not
necessary, that the first, second and third MOV’s each have
a rating of 150 volts RMS.
The first, second, and third inductors 52, 54 and 56
15 have rating values that attenuate transients having one or
more frequency components in excess of the nominal
frequency (typically 60 Hz) of the power supplied via the
line, neutral and ground conductors 22, 24, 26. It is
preferable, although not necessary, that the inductors 52,
20 54 and 56 each have the rating of 5 millihenries (mh).
The third stage 26 suppresses substantially all
undesired remaining energy components that are not diverted
or attenuated by the first and second stages 22, 24. More
particularly, the fourth MOV 60 limits the magnitude of the
25 voltages appearing on the neutral and/or ground conductors
30 and 32 by shunting currents to ground. Because any high
energy surges and high energy surge components have ideally

been filtered by the first and second stages, the elements



30 and 32 by shunting currents to ground. Because any high energy surges
and hi gh energy surge conponents have ideally been filtered by the first
and second stages, the elenments WO 01/41278 PCTIUSCEY%&é%Zo %» f the third
st ageVOBH# YAl y be rated to divert or attenuate |ower $930r ges. As a
result, the MOV 60 preferably, although not necessarily, has a rating of
140 V RMS. Likew se, the second capacitor 62, which operates 5 to shunt
power conponents having undesired frequencies to the ground conductor 32,
preferably, although not necessarily, has a rating of 25 m crofarads. The
first and second rectifier diodes 64%nd 66 are connected in parallel

bet ween the neutral and ground conductors 30, 32 such that 10 the polarity
of the first rectifier diode 64 opposes the polarity of the second
rectifier odi 0dRe66chfrdangiaye t heed eechilii ebe dixtasi 640 68ivarthi sr manner
enabl es precise, low |evel voltage clanping, thereby further enabling

vol t age @GmﬁﬂﬂaGQN1QWﬁ¥I%%@P@YOEHHSGPn aﬂﬁil%aFﬁéﬁ twhébélﬁﬂﬁhe6QS

electroni g 4G 6613 of JIGd 0ULAZ IS A LAY SLoo | W Sypl ool g0e

cl anpi ng &n espeC|a antageous e ground
| ead attaghegigli rapiﬁeywis:e tiee Né&eded qus&@itmdsz,s wlﬁb@ﬂi %péﬁat@s

potential source of
5 to shunt power components having undesired frequencies to
the ground conductor 32, preferably, although not
necessarily, has a rating of 25 microfarads. The first and
second rectifier diodes 64 and 66 are connected in parallel
between the neutral and ground conductors 30, 32 such that

10 the polarity of the first rectifier diode 64 opposes the
polarity of the second rectifier diode 66. Arranging the
rectifier diodes 64, 66 in this manner enables precise, low
level voltage clamping, thereby further enabling voltage
control for the load ground. In applications wherein the

15 electronic device 43 of the load 42 is a computer, low
level voltage clamping on the ground leg is especially
advantageous because the ground lead attaches directly to
the microprocessor and is, therefore, a potential source of
damaging voltage spikes.

20 To provide power factor correction for a load having
a capacitive impedance characteristic, such as a computer,
and to thereby reduce power costs, the first, second and
third inductors 52, 54, 56 of the second stage are
preferably sized not only to dampen, or suppress high

25 frequency spikes, but also to offset the capacitive
impedance characteristics of the 1load. Thus, it 1is
preferable to employ inductors 52, 54 and 56 having rating

values that improve the overall power factor of the power



damagi ng vol tage spi kes. 20 To provide power factor correction for a | oad
having a capacitive inpedance characteristic, such as a conputer, and to
t her eby reduce power costs, the first, second and third inductors 52, 54,
56 of Whel/"d@WBond stage are preferably sized not only PGI/HABEPS or
suppress high 25 frequency spikes, but also to offset the capacitive

| npedance characteristics of the load. Thus, it is preferable to enploy

i nductors 52, 54 and 56 having rating values that inprove the overal

power factor of the power WO 01/41278 PCT/USOQ' 31199 -10 supplied by the
conditioning circuit to the capacitivap-load, i.e., it is desirable to
obtain a power factor that approximtes unity or cones as close thereto as
practical. The three stage power conditioning circuit described 5 herein

provi des hi f%@gi ci I nexpansi v r Lt Lgping.
Mor e part?%%ﬁ%r Y, E%nagégngﬁﬁga?%gﬁgbﬁrst, second an thfggggkg%gg 22, 24,
26 in a casszaied .ordeit siehdébhatabhe torshtand sepowdrstagesr22hasd 24
ef fect high energy suppression and isolation and the third 10 stage 26
ef fects | APRERIPRALESaHELENt R0 CSBCSUBSr €4956n therese agprrartaceircuit

el ements may b%ﬁ%“%ﬁ?@@ é@a&@CEOQér conditioning circuit described

5 herein provides high quality, precise and yet inexpensive
power conditioning. More particularly, by arranging the
first, second and third stages 22, 24, 26 in a cascaded
order such that the first and second stages 22 and 24
effect high energy suppression and isolation and the third

10 stage 26 effects low energy transient noise suppression,
less expensive circuit elements may be employed in each of
the three stages. The cost savings achieved by way of the
three stage power conditioning circuit of the present
invention are best understood with reference to the rating

15 of each of the circuit elements and a manufacturer
specified tolerance level associated with each of the
ratings. Specifically, the rating and tolerance level
associated with each circuit element affects the cost of
the circuit element such that circuit elements that are

20 rated for higher voltage levels and/or current levels are
typically more costly than circuit elements rated to handle
lower levels. 1In addition, a circuit element having a wide
tolerance associated with the rating is typically less
precise and therefore less costly than a circuit element

25 having a narrower, and thus, more precise tolerance
associated with the rating. In the three stage power
conditioning circuit of the present invention, the first

and second stages 22, 24 are used to suppress and/or



the three stages. The cost savings achi eved by way of the three stage
power conditioning circuit of the present invention are best understood
with reference to the rating 15 of each of the circuit elenents and a

manuf 3@ 0r/#278 speci fied tol erance | evel associ ated w t PCBHE/199t he
ratings. Specifically, the rating and tol erance | evel associated with each
circuit elenment affects the cost of the circuit elenent such that circuit
el enents that are 20 rated for higher voltage |evels and/or current |evels
are typically nore costly than circuit elenents rated to handle | ower

|l evels. In addition, a circuit el enmentihaving a wide tolerance associated
wth the rating is typically less precise and therefore |ess costly than a
circuit element 25 having a narrower, and thus, nore precise tol erance

associ at ed, p¥ df, ddhe 'iﬁbh”genéf‘ hem_tat}{se%rﬁésag'aga()“&é acog%' M&meﬂec”cu't

of the present i1nvention, |rst second st ages aré used to
suppr ess andkmnt%@l@&bdi%?&fPCEEUSEEEBléﬁe se&&natéeagabezblgh4eaeégy
transients and as a result. the circuit elements of the first and second

stages 22PEfeRaPl ypr EPERTDI §Or afREAe HARf® tH&ke RPGHIENeFYyISEr ges.
However, hegangse obebhfsBagk- PRePHALRCHEOBBEQULEEH BYobP8ea by the

5 third stage 26, the circuit elements of the first and
second stages 22, 24 need not be particularly precise and
thus may have ratings with a wider tolerance 1level than
would otherwise be effective to adequately protect the
attached loads. Thus, the increased cost of providing

10 circuit elements in the first and second stages 22, 24 that
are capable of handling high energy surges is offset by the
wider tolerance levels associated with the ratings.
Conversely, because precise power conditioning is desired
at the third stage 26, circuit elements having narrower

15 tolerance 1levels are desirable. However, because the
circuit elements of the third stage 26 need only be rated
to perform low energy suppression/attenuation, the
increased cost associated with a narrower tolerance level
is offset by the decreased cost of the lower ratings

20 associated with the circuit elements of the third stage 26.

Referring now to Fig. 2, to provide enhanced noise
suppression, the second stage of the three stage power
conditioning circuit may be modified to include common mode
inductors 70, 72, 74 each having a first winding 70-1, 72-1

25 and 74-1 respectively, a second winding 70-2, 72-2 and 74-2
respectively, and a core 70-3, 72-3 and 74-3, respectively.
The first winding 70-1 of the common mode inductor 70 is

coupled in series with the first winding 74-1 of the common



5 third stage 26, the circuit elenents of the first and second stages 22,
24 need not be particularly precise and thus nmay have ratings with a w der
tol erance | evel than would otherw se be effective to adequately protect
the WMAUMEB | oads. Thus, the increased cost of proviRETYSWEIYPrcuit
elements in the first and second stages 22, 24 that are capable of

handl i ng high energy surges is offset by the wder tolerance |evels
associated with the ratings. Conversely, because precise power
conditioning is desired at the third stage 26, circuit elenments having
narrower 15 tol erance |l evels are desifable. However, because the circuit
el enments of the third stage 26 need only be rated to perform/|ow energy
suppression/ attenuation, the increased cost associated with a narrower

t ol erance el: . d S decrga of, ot ihgs 20
associ at eglo\?\,‘n\ét hlz% Lgc%% cﬁ%tm{éﬁ:‘;&%ﬁ%t ggfcl)? taﬁgdtﬁﬁ?rga fs%tsargg%%%m@er Réeﬁeérrfi ng now
to Fig. 2puteupr ddinge 3anhameed heoi s orgl paiteRisipm 0 {he s eaendeSimge of the
three stage power. conditioning circuit my be nodified to include conmon
node i ndBOEE SUFARCERE TR IS GPURMAh G ™ FETL]S RefdieRp 7the neptnabs and

1 LoSREEhIEb L, SypoeRgchndERnAl ol A 182 REREELLNELY, o
comob nodentdhdgst o2-270and 74-2 of the common mode inductors 72, 74
are coupled in series between the ground conductor 32 and
the third output line 38. The first and second windings
70-1 and 70-2 are wound on the core 70-3 while the first
and second windings 72-1 and 72-2 are wound on the core 72-
10 3 and the first and second windings 74-1 and 74-2 are wound
on the core 74-3. Each of the common mode inductors 70, 72
and 74 are arranged such that the polarity of the windings
of each of the inductors 70, 72 and 74 is identically
aligned as indicated by the polarity dots shown beside each
15 of the inductors 70, 72 and 74. By using common mode
inductors arranged in this manner, high frequency transient
voltages appearing across both the first and second
windings 70-1, 70-2, 72-1, 72-2, 74-1, 74-2 of the first,
second and third inductors 70, 72, and 74, respectively,
20 simultaneously act to cancel each other out, thereby
providing noise suppression.

Numerous modifications and alternative embodiments of
the present invention will be apparent to those skilled in
the art in view of the foregoing description. For example,

25 the third stage of the power conditioning circuit may
include an additional MOV (not shown) connected to the line
conductor at a point between the line conductor 28 and the

output line 34 and coupled between the line conductor 28



coupled in series with the first wnding 74-1 of the conmon WO 01/41278
PCT/ USO0/ 31199 -12 node inductor 74 between |ine conductor 28 and the
first output line 34, and the second wi nding 70-2 of the commbn node
i nducWer1#878s coupled in series between the neutral PESAHHIGREPY 30 and t he
second output line 36. The second 5 wi ndings 72-2 and 74-2 of the common
node i nductors 72, 74 are coupled in series between the ground conductor
32 and the third output |line 38. The first and second wi ndings 70-1 and
70-2 are wound on the core 70-3 while the first and second wi ndings 72-1
and 72-2 are wound on the core 72 10-83and the first and second w ndi ngs
74-1 and 74-2 are wound on the core 74-3. Each of the common node
i nductors 70, 72 and 74 are arranged such that the polarity of the
wi ndi ngs a9f eagh REutPs: i edueleEsr’ 0o 72qandofAdes dgentdcabl i Al i gned as
i ndi cated by the polarity dots shown beside each 15 of the inductors 70, 72
and 74. Bpowsikngneogposungdethanduedohssathangkilrdnstéags. manner, high
frequency transient .. vo taqs;agﬂfearjn ., across both the first and second
wi ndi ngs” 70- 1, A§695d159LY, Ehs Hesgription phhthe,Prgsent inygid®tand third
I nduct or s £0,t of Zpe 2BENE#rub&SRECT] VR ¥e r£0i$L MBh gnegiss! ¥s agh,t qtance
each other out, thereby

5 purpose of teaching those skilled in the art the best mode

of carrying out the invention. The details of the
structure and/or function may be varied substantially
without departing from the spirit of the invention, and the
exclusive use of all modifications which come within the

10 scope of the appended claims is reserved.



provi di ng noi se suppression. Nunerous nodifications and alternative

enbodi nents of the present invention will be apparent to those skilled in
the art in view of the foregoing description. For exapple h.the third

st ag@QPV4RB power conditioning circuit may include gﬁ“&’ﬁ?ﬂ%tlfggnal MOV ( not
shown) connected to the line conductor at a point between the |ine
conductor 28 and the output |line 34 and coupl ed between the |ine conductor
28 WO 01/41278 PCT/ USQQ 31199 -13 and the neutral conductor 30 to protect
agai nst a high power energy surge that reaches the third stage.
Accordingly, the description of the fidesent invention is to be construed as
illustrative only and is for the 5 purpose of teaching those skilled in
the art the best nobde of carrying out the invention. The details of the
structure and/or function may be varigchessubstantially w thout departing
fromthe spirit of the invention, and the exclusive use of al
nodi fi cations which come within the 10 scope of the appended clains is

reseryed. WO Ql/ 41278 BELLUSQY 319801 nd? PR for conditioning
power supplied by a power source at a nominal frequency
4 over line, neutral and ground conductors to first, second

and third output lines, respectively, comprising:
6 a first stage connected to the line, neutral and
ground conductors, wherein the first stage is adapted to

8 provide voltage suppression;
a second stage connected to the first stage,
10 wherein the second stage comprises first, second and third
inductors coupled in series between the line, neutral and
12 ground conductors, respectively, and the first, second and
third output lines, respectively, wherein all of the power
14 supplied by the power source to the first, second and third
output lines flows through the first, second and third
16 inductors, each of the inductors blocking power at
frequencies greater than the nominal frequency thereby to
18 prevent power at frequencies greater than the nominal
frequency from reaching the first, second and third output
20 lines; and

a third stage connected to the second stage and
22 further connected to the first, second and third output
lines, wherein the third stage is adapted to provide

24 voltage suppression and voltage clamping.

2. The power conditioning circuit of claim 1,

2 wherein the first stage comprises first, second and third



2 1. A power conditioning circuit for conditioning power supplied by a
power source at a nom nal frequency 4 over |line, neutral and ground
conductors to first, second and third output |ines, respectively,

conpr MO WHI2B a first stage connected to the line, neuR€HPSHREHIgr ound
conductors, wherein the first stage is adapted to 8 provide voltage
suppression; a second stage connected to the first stage, 10 wherein the
second stage conprises first, second and third inductors coupled in series
between the line, neutral and 12 ground conductors, respectively, and the
first, second and third output |inesgsrespectively, wherein all of the
power 14 supplied by the power source to the first, second and third
output lines flows through the first, second and third 16 inductors, each

of the | ndualar $.hlieckledseare! gha ELEGHERCLAS-OIRALAL ENAD.!hE apmi nal

frequency thereby to 18 prevenf power at frequéncies greater t he
nom nad fazeigieeneyristoor r eschongléelebeitwetn seeordi mndecdhduict onit gud 20
lines; and a third stage connected to the second stage and 22 further

connect ed H t}EP1F351COUBGRE ef t Hi SBeRPRIt Mot 2 heSx1dRevar ASEAB third
stage 4 s adapledph@aPr ¥t P€en 240! 139E SUPBREESSLEN AN Yokt a@:‘?o&h&”p' ng.

conductor and the third metal oxide varistor is coupled

6 between the neutral conductor and the ground conductor.

3. The power conditioning circuit of claim 2,
2 wherein the first stage further comprises a capacitor
coupled between the neutral conductor and the ground

4 conductor.

4. The power conditioning circuit of claim 1,
2 wherein the third stage comprises a first metal oxide
varistor, wherein the first metal oxide varistor is coupled

4 between the neutral conductor and the ground conductor.

5. The power conditioning circuit of claim 4,

2 wherein the third stage further comprises a second metal
oxide varistor, wherein the second metal oxide varistor is

4 coupled between the 1line conductor and the neutral

conductor.

6. The power conditioning circuit of claim 4,
2 wherein the third stage further comprises first and second
diodes coupled in anti-parallel relationship across the

4 neutral conductor and the ground conductor.



2. The power conditioning circuit of claim1, 2 wherein the first stage
conprises first, second and third WO 01/41278 PCT/US00/ 31199 -15 neta
oxi de_var.i rs, and further wherein the first netal ' ristor is
coupl gd)a‘ﬁé“ﬁ%ﬂgen the |line conductor and the neutral colzncc;‘g@ogguégd t he
second nmetal oxide varistor 4 is coupled between the |ine conductor and the
ground conductor and the third netal oxide varistor is coupled 6 between
the neutral conductor and the ground conductor. 3. The power conditioning
circuit of claim?2, 2 wherein the first stage further conprises a
capacitor coupl ed between the neutraléconductor and the ground 4
conductor. 4. The power conditioning circuit of claiml1l, 2 wherein the
third stage conprises a first netal oxide varistor, wherein the first
metal oxide varistor is coupled 4 between the neutral conductor and the
ground conductor. 5. The power conditioning circuit of claim4, 2 wherein
the third stagé furthEr BB sESNE15AEBHBI neEaFCokt deChar¢ k2 BR, Gherein
the sgcongdrielal, GMAde riakleStoal SechntO Ul G LCLYRERIEA® LA Fonduct of
and the neutral conductor.

diodes.

8. The power conditioning circuit of claim 6,
2 wherein the third stage further comprises a capacitor
coupled between the neutral conductor and the ground

4 conductor.



6. The power conditioning circuit of claim4, 2 wherein the third stage
further conprises first and second diodes coupled in anti-parallel

rel ati onship across the 4 neutral conductor and the ground conductor. WO
01/ 41VEBOIATT78USO0/ 31199 -16 7. The power conditi oni ngPCI/E8W34198f cl ai m 6,
2 wherein the first and second di odes conprise rectifier diodes. 8 The
power conditioning circuit of claim6, 2 wherein the third stage further
conprises a capacitor coupled between the neutral conductor and the ground
4 conductor. WO 01/41278 PCT/US00/ 31199 -17 9. The power conditioning
circuit of claiml, 2 wherein the fLgst, second and third inductors are
common node i nductors each having a core and a set of first and 4 second
wi ndi ngs and each of the w ndings having a polarity, and further wherein 6
the first inductor is coupled between the line conductor and the first
output line via the first winding 8 of the first inductor and the first

I nductor is fumther The power conditioning circuit of claim 1,

2 wherein the first, second and third inductors are common
mode inductors each having a core and a set of first and
4 second windings and each of the windings having a polarity,
and further wherein
6 the first inductor is coupled between the 1line
conductor and the first output line via the first winding
8 of the first inductor and the first inductor is further
coupled between the neutral conductor and the second output
10 line wvia the second winding of the first inductor and the
first and second windings of the first inductor are wound
12 around the core of the first inductor; and
wherein the second inductor is coupled between the
14 neutral conductor and the second output line via the first
winding of the second inductor and the second inductor is
16 further coupled between the ground conductor and the third
output line via the second winding of the second inductor
18 and the first and second windings of the second inductor
are wound around the core of the second inductor; and
20 wherein the third inductor is coupled between the
ground conductor and the third output line via the first
22 winding of the third inductor and the third inductor is
further coupled between the line conductor and the first
24 output line via the second winding of the third inductor
and the first and second windings of the third inductor are

26 wound around the core of the third inductor; and



coupl ed between the neutral conductor and the second output 10 line via
the second winding of the first inductor and the first and second w ndi ngs
of the first inductor are wound 12 around the core of &aﬁm&%ﬁﬁé i nduct or;
and WY8O¥*H8he second inductor is coupl ed between th&€ T al

conductor and the second output line via the first wnding of the second

i nductor and the second inductor is 16 further coupl ed between the ground
conductor and the third output line via the second wi nding of the second

i nductor 18 and the first and second wi ndi ngs of the second inductor are
wound around the core of the second +Iuctor; and 20 wherein the third

i nductor is coupled between the ground conductor and the third output |ine
via the first 22 winding of the third inductor and the third inductor is
further coupl egnbebwaenidepoiaeiggniset @acandot heHd reind2dgoutne |ine
via the second winding of the third inductor and the first and second

wi ndi Ags aftignedt hPr BherabEt PFo¥iéde 28MRPUNEHOAE oUPHSE heuRp¥esdEoR he third

i nductor; and WO 01/41278 PCTI USOQ 31199 -18 wherein the polarity of each
of the windings are 2 aligned to thereby provide comon node noi se
suppressi on. WO 01/41278 PCT/ US00/ 31199



-19 10. The power conditioning circuit of claim9, 2 wherein the first
second and third output lines are coupled to a |load having a capacitive
i npedance and further wherein 4 the first, second and third inductors are
r at edW@01/4@Mpensate for the capacitive inpedance of tHEI/I8WE11991. The
power conditioning circuit of claiml, 2 wherein the first, second and
third output lines are coupled to a | oad having a capacitive inpedance and
further 4 wherein the first, second and third inductors are rated to
conpensate for the capacitive inpedance of the | oad.

-19-

10. The power conditioning circuit of claim 9,

2 wherein the first second and third output lines are coupled
to a load having a capacitive impedance and further wherein

4 the first, second and third inductors are rated to

compensate for the capacitive impedance of the load.

11. The power conditioning circuit of claim 1,

2 wherein the first, second and third output 1lines are
coupled to a load having a capacitive impedance and further

4 wherein the first, second and third inductors are rated to

compensate for the capacitive impedance of the load.



