WO 97/ 08815

PCT/ US96/ 13800 OPPOSED CURRENT POAER CONVERTER
This relates to an opposed current, pulse width nodul ated ("PWM') power
converter. 5 Power converters are wi dely used for manyindustri al
and commer ci al ywo 97/08818Ur POSES. Such power converters may be UpSflubdesapVer t
direct current (DC) to alternating current (AC) to be used as an AC
power supply, or as battery char gers/ di schargers, notor controls,
etc. Power converters may al so be used as arrpllflers both for

entertai nnent (sound anplifi dAROSBD ARRI t or 10 art
pul se wi dth nodul ated (PWW) converters use a palr of sw tches to connect a
| oad alternatively to DC power supplies of opposite polarity. A nodul ator

opens and cl oseThisirelateaitd ateppdsed elrrent, pulse ovidthrmddulatedh("PWMT) golver sane

tine) to produce g wi dt h nodul at ed output signal that is subsequently
filtered by a |0V\f°|51§§f§°rfi | ter

5 Power converters are widely used for many industrial and commercial
purposes. Such power converters may be used to convert direct current (DC) to
alternating current (AC) to be used as an AC power supply, or as battery
chargers/dischargers, motor controls, etc. Power converters may also be used as
amplifiers, both for entertainment (sound amplification) and industrial uses. Prior

10 art pulse width modulated (PWM) converters use a pair of switches to connect a
load alternatively to DC power supplies of opposite polarity. A modulator opens
and closes the switches in alternation (not both on at the same time) to produce a
width modulated output signal that is subsequently filtered by a low pass filter
before being transmitted to the load. In such prior art devices, great care must be
15  taken to assure that both switches are not turned on at the same time, but to
manage the system for high fidelity, it is desirable that the switches be turned off
and on at as close to the same time as possible. In order to manage transients
during switching, (referred to as "shoot-through"), inductors are connected between
the switches. Furthermore, circuits known as "underlap” circuit are used to create
20  small controlled time gaps between the conduction times of the switches. Opening
and closing of the switches imposes a so-called "ripple" frequency on the output
wave form which has a frequency that is eqﬁal to the switching frequency of the
switches. It is desirable that the magnitude of the ripple frequency be minisnized,
particularly at a zero output of the power converter, which is the output at which
25  most such devices are rated, since the most common value of the input is zero for
speech and sound applications.
In the present invention, rather than there being no switch conduction
ovetlap, the overlap is made deliberately maximal. In the présent invention, if zero

30  of the duty cycle. If a positive output is desired, the switch connecting the positive
""" 'DC voltage source to the Toad is on for greater than 50% duty cycle, while the

output is desired; S1:and S2 will be on simultaneously and for just less than 50% -~ -~~~



before being transmitted to the load. In such prior art devices, great care
must be 15 taken to assure that both switches are not turned on at the
sanme tinme, but to manage- t he- systemfor high fidelity, it is

desirabl e that the switches be turned off and on at as close to the
sane tinme as pwedrlsses | n order to manage transients d URGTASI6/13800
swtching, (referred to as "shoot-through"), inductors are connect ed

béet ween the switches. Furthernore, circuits known as "underl ap"

circuit are usedto creat roll ' en the
conduction ti nmes S8F %geg‘geehccvd’rﬁage éo“?cgaér’\éﬂgeﬂog‘g%?\mpﬁ%%
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which is the output at "whi ch such devices are rated since the
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bei ng no switch mtﬁsgﬁgnvely, tﬂme%&ﬁfﬁap, dpﬁ' over p [ s %ﬂ%r ately
maxi mal . I'n the psefalfor éxamply, farminimizing ripple and pomucqmumptsmdémngadne S1 and
cvol'e. I a posi HFHRILHBELAS InButa e seEtv s BRVaBAn dB8 nyecii: SHBERY Ve
DC vol tage sour cqsugedto Wmémmaﬁexmmsesﬁmwwlmgmu l e
the 10 These and other advantages of the present invention will become apparent
from the following description, with reference to tlie accompanying drawings, in
which: . :
| Figure 1 is a circuit diagram illustrating a half-bridge power converter made
according to the teachings of the prior art;
15 Figure 2 is a switch timing diagram illustrating the manner in which the
switches of the circuit illustrated in Figure 1 are operated;
Figure 3 is a circuit diagram illustrating the converter made according to the
teachings of the present invention; '
Figure 4 is a timing diagram illustrating the manner in which the switches
20  of the circuit illustrated in Figure 3 are opened and closed;
Figure 5 is a graphical illustration of the current supplied to the output node
by the switches of the circuit illustrated in Figure 3 and their sum;
Figure 6 is a cirouit diagram illustrating a full-bridge converter made
according to the teachings of the present invention;
25 Figure 7 is a diagrammatic illustration of the circuit used by the modulator
controlling the converter illustrated in Figure 3 and made according to the
teachings of the present invention; and
Figure 8-12 are switching diagrams illustrating the manner in which the
... modulator of Figure 7 generates switching impulses both in-a normal state and:in° "~
30  overlapped and underlapped states.
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PCT/ US96/ 13800 switch connecting the negative DC voltage source to
the load is on for a correspondi ngly | ess than 50% of the duty cycle.
I'f it is required.only that the sum of the "on tinmes" of the swtches
be no great er widwwynpsdd80% duty cycl e during nor mal oper aPCOUSAF138Me
device, but the device nmay be operated in an underlap or 5 overl ap
condition, when the sumof the on-tinmes of the switches are | ess and

gr egt ter respectivel Regehilimr‘?owﬂ%rgﬁrek Pl&mﬂlﬂgﬂhqddaw:ng‘fhwhibhmlﬂmhms)the prior
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switches 16, 22 respectively and the node 20 to manage current "shoot-through"
when the switches 16 and 22 are opened and closed at substantially the same time.
"10  The switches 16 and 22 are controlled by output signals generated by the

modulator 12 and applied to the switches 16 and 22 through lines 30 and 32. The
modulator receives a bias signal at input 34 and a feedback signal from output
node 36, which is transmitted to the modulator 12 through line 38. Output node
36 is connected to the load 14. A low-pass filter, consisting of an inductor 40 and

15  a capacitor 42, are connected between the output node 36 and node 20 to filter the
switching signals generated by opening and closing of the switches 16 and 22.
Switches 16, 22 may be MOSFETs or IGBTs (insulated gate bipolar transistors),
both of which are well known to those skilled in the art, and are controlled by
switching signals transmitted over lines 30 and 32.

20 Referring now to Figure 2, the modulator generates a wave form 44 which
is transmitted over line 32 to operate switch 16, and a wave form 46, which is
transmitted over line 32 to operate the switch 22. As can be seen, impulses are
transmitted over lines 30 and 32 in alternation; that is, the signal on line 30 which
closes the switch 16 is never allowed to close the switch 16 unless the switch 22 is

25  opened, and vice versa. However, as discussed ai:ove, to manage for high fidelity
and voice amplification it is desirable that the switch 22 be closed immediately as
the switch 16 is opened and vice versa. The inductances 26 and 28 are used to
manage "shoot-through" which are the transient currents generated by opening and

5 closmg of the swnches 16 and 22 at substantially the same time. = . . R
Ty Referring now 1o Flgﬁrés 3 and 4,2 power converter circuit accordmg to the
ot . . present invention generally indicated by-the numeral 48 and includes a switch 50



switches of the circuit illustrated in Figure 1 are operated;

Figure 3 is acircuit diagramillustrating the converter nade according to
t he t eachi ngs of the present invention; Figure 4 is a
timng diagramillustrating the manner in which the switches 20 of the
circuit illuskygbngksish Fi gure 3 are-opened and cl osed; PCT/US96/13881 qur e
5is a graphical illustration of the current supplied to the output node

by the switches of the circuit illustrated in Figure 3 and their sum

e 0 o b, A ol 4t S8 e oy SIS
Control 111G the Commete ey e e b 6 3 et aeCordi ng.
t eachi ngs gf t he qé\og@@mmtmmlami ‘?VEH:!‘T@ O‘I'tg‘ll_JtrneOde 53t th!r%gat@%ﬁé onfe, 0 1Ne
Flure 7 gener at CEPRY oA i b SO RO ent d alh et dihed. and 8 D 050"
over | apped anil urellowszpyrent te freewheel with the output node 52 to the positive DC power
2 supply 54 when the switch 56 is reopened after being closed. The signal applied
to the output node 50 by the switch 50 is filtered by low-pass filter consisting of
an inductance of 64 and capacitor 66, and a similar low-pass filter consisting of
inductance 68 and the capacitor 66 filters the signal caused by opening and closing
10 of the switch 56. The switches 50 and 56 are controlled by a modulator which
will be discussed hereinafter in detail with reference to Figure 8. As discussed
. above, the switches 50 and 56 can be implemented as either MOSFETS, 1GBTSs, or
any other similar device. '
Referring to Figure 4, wave form 70 indicates the signal from the modulator
15  (uot shown) operating switch 50 and wave form 72 indicates the signal from the
modulator operating the switch 56. The wave forms 70, 72 are as shown for a
50% duty cycle for each of the wave forms 70, 72. Accordingly, when summed, -
at the output node 52, the output will be zero, since switch 50 is connecting the
output node with the positive DC supply 54 and the switch 56 is connecting the
20  output node 52 with the negative DC supply 58. The small arrows on each of the
wave forms 70 or 72 indicates the direction of modulation for an increased posiﬁve
output at common supply node 52 which is comnected to load 74. The wave forms
70, 72 will remain centered on one another, but the width of the wave form 72
will be decreased and the width of the wave form 70 will be increased for
25 increasing positive output. Conversely, for increased negative output, the wave
form 72 will be increased and the wave form 70 will be decreased.
Referring to the wave forms illustrated in Figure 5, the wave form 76
represents the current in the inductance 64, the wave form 78 represents'the current
PR - . -ruree -0 the. inductance. 68,.and the .wave: form-80 represents-the-som-of -the ‘upper-and- ==
} 30  lower wave forms illustrated in Figure 5, which is the current at output node 52.
o e Tt will-be nioted that the Wave form 76 aid 78 includes a ripple superimposed on

4



WO 97/ 08815 -
PCT/ US96/ 13800 Referring nowto Figures 1 and 2 of the

drawi ngs, which illustrates the prior art device, a prior art
converter or anplifier circuit generally indicated by the nuneral 10

I's applied betweerneossisirodul ator 12 and a |l oad 14 (such as a PCT/US96/13800
| oudspeaker). The power converter 10 includes a switch 16 connected between
5 positive direct current source 18 and node 20 and a switch 22 connected

bet ween theihnode io and.. a tlvgh?DC su ¥) Thi s s%lg!ngl , ‘ggi ch
may be tine ‘?&@Iﬁ%&’q’ ﬂg’“ﬁgﬁﬁ R%Ele en are
connected bet weerwiﬁeeform Thusﬁpﬁl@ﬁe@wﬁ@ oraﬂmpmmeﬁve\defmmmﬁhsﬁlhefﬂféde 20 to

manage current "shoof-thro en the switches 16 and 22 are opened
and cl osed at sum.aaﬁwkﬁ%m&fwmﬁé in the casqpthe Wave fern TG andhthe22 are

control I ed by outgichF6%Rhe cdie BE R vAre Toimi P8 It will b%&ﬁ%ﬂﬁﬁa@%

applied to the switches 16 and 22 through |Iines 30 and
modul at or rec®i veform ipixapresed om theawaverfprm 80 butithe freqnenshiofi diis wavmdrmfis om

ggt p&'t put noggdw&mg@eﬁs C nnec%%%aduﬁdﬂg@%ﬁ&? :th'glrsl 'ne

consi sting of an isdidede the fa¢t thatdhe switches 50 and 56 are actuated at different times,
thereby impressing a ripple on the summed wave form of double the frequency of
any single switch. Higher frequency ripples are desirable because they are easier

10  to filter. It will be also noted that at zero output, as indicated at X in Figure 5,
that the ripple amplitude is substantially zero. This is because, as indicated in
Figure 4, the switches 50 and 56 are actuated at about the same time at zero output
current, but in opposite directions, which sum to zero. Accordingly, the ripple is
zeroed out at zero output. As discussed above, DC to AC power converters are

15  normally tested at a specification which specifies a ripple at zero output. By use
of the invention, this ripple amplitude at zero output will be minimized. The
ripple specification at zero output is chosen because, in the case of sound
amplification, noise imposed by the ripple is most noticeable and annoying at
pauses where no output is present. In the case of speech amplification, this is the

20  most common condition, due to pauses between words, etc.

It will also be noted that the small inductances such as the inductances 26,
28 in Figm'e‘l which were required fo manage shoot-through are not necessary in
the invention because the switches are isolated by the inductances 64, 68 which are
a part of the low-pass filter. Furthermore, as will be explained hereinafter,

25  underlap, in which zero output may be imposed for a longer period of time, is
easily achieved with the modulator necessary to operate the converter 48. Still
further, the modulator is substantially simplified as compared to modulators
required by the prior art, and no circuits are required to achieve underlap, which is

30  hereinafter be explained.

. achieved by.simple. shifting of a.DC.bias-on a triangle wave form, as:will...c- ~-voo v



15 a capacitor 42, are connected between the output node 36 and node 20
to filter the switching signals generated by opening and cl osing of
the switches 16 and 22. Swi tches 16, 22 nay be MOSFETs or | GBTs

(i nsul ated gate bipolar transistors), bot h of which are well known

to those 'skil lypgotmgsidie art, and are controlled by SWPCTRISaE1380nal s
transmtted over |ines 30 and 32. 20 Referring now to Figure 2,

t he nodul at or generates a wave form 44 which is transmtted over
line 32 to operate s h.16. and REM;@@ '!ﬁgl's i o
transmtted over |i n\(,amai? 30%}%1 %%Jvm ch g‘z ca{r?%@nsbélgﬁ,e I npul ses
are trans rﬁohvmmmisﬂzlgrﬁw&ﬁalﬁ-bddﬁzcdmer&rs 434488, IeachtdfthItlsaret he '
signal on |line 3Q cl,0ses the h neyer, al L.o

cl ose the switch IWM@£°% W@‘@\A&%&a“%ﬂ% néhocardin F%‘g
However, as- di SCUSRE eRkRHA 0 feﬁcmmmgé%nmmmwn fekhin the same FTSrHY ce
arrpllflcatlon it 1s deS|rabIe that the switch 22 be closed i medi atel

the switch 165i s nomesvald butrwith theeaddision of therettar {dl or ZBGe &t is alsa kuowrs toyshd used

L; openi ngrrgzgge thg pﬁﬁ’}& gj}f' Q&E?“"W«@‘ﬂ‘ %{ 31;%@&]%?&{%8{ thlelr 3t o
the same time. 3ftidge converter réhi\er‘to rtheg)tlmmalfebrﬁ'ggu Mmramglydthé npplepower
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3 half-bridge. It is also known to add additional half-bridges, each of which, in the
10  case of the invention, will increase the ripple frequency. As pointed out above,
higher frequency ripples are easier to filter.

Referring now to Figure 7 of the drawings, a modulator generally indicated
by the numeral 82 includes an error amplifier 84 which sums the difference
between an input signal representing a desired level at the output node which is fed

15 to inner amplifier 84 on input 86 and a feedback signal which is received by inner
amplifier 84 on input 88. The feedback signal from input 88 is taken from the
output node 52, The output of error amplifier 84 is transmitted to inverting input -
87 of a comparator 89, the output of which is transmitted on line 90 to operate
switch 56. The output of emor amplifier 84 is also fed through an invertor 92 and

20  is then transmitted to the inverting input 94 of a comparator 96, the output 98 of
which is connected to operate the switch 50.

Modulator 82 also includes a triangie wave generator generally indicated by
the numeral 100 which receives a square wave input (generated in any |
conventional manner) at 102 and generates a triangle wave oufput on line 104 and

25  transmitted to both the positive input 106 of the comparator 89 and the positive
input 108 of the comparator 96. Triangle wave generator 100 is convéntiqnal and
includes a bias control 110 for adjusting the DC level of the wave form generated
by the triangle wave generator 100 up or down. The bias control 110 can be

.. responsive to dynamic.conditions; such as a pause in the case:of speech:~ .o T

30 transmission and a temporary demand for power and access’ that is normally
" provided by the converter. a
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PCT/ US96/ 13800 connecting an output node 52 to a positive DC power
supply 54 and a switch 56 connecting the output node 52 to a negative
DC power supply 58. A diode 60 allows current to freewheel with the
out put node 53vdrdshie negative DC power supply 58 whenprCTyuswsisgoah - 50
I s reopened after being closed, and a diode 62 5 allows current to
freewheel with the output node 52 to the positive DC power supply 54

when the switch 56 isgr o.pened af er b cl osed. The si | iLed
to the output node 5 g 0¥ 0 Elggq‘? %?%%‘H{}'E‘F&ﬁ-gﬁ?g"ﬁ?%er
consi sting of conver 4md}il@baﬂ€@nbéd OHeferfilg ¢\ Pigutd 8, thé Griangledwavest mi | ar

| ow- pass filter consisting,of [ nduct ce 68 and the aci tor, 66 :
filters the sign@emwa%bu WaNeRFnerALY &8 on zfo.; 1B oytpwt i eamer The
sw tches 50 and Asﬁﬂnéaym% %ﬂ:‘“lﬂttﬂﬁc 5th of th cdmﬂa&at&@

di scussed herei n;h?l[@? I n et ail wth rgference toﬂ%:’ gure0 8. © di scugged

above, the swit cland 96Gwitchi oB@t peint Acnd off &t peint Be é@oedmsibrthmfosm 10BTs
or ' any ot hefz zﬁ‘é @He?ite«ﬂ%'ﬂﬁﬁtrated.m Figure 4. Both of the wave forms 70 and 72 are
turned on and off at the same time, and have a period exactly one-half of the duty
cycle (the duty cycles between light points on the triangle wave T, such as between
points A and A or B and B.) As discussed above, the switch 50, which is
10  connected to the positive DC supply voltage, is turned on and off by the wave _
form 70 and the switch 56, which is connected to the negative DC supply voltage,
is turned on and off by the wave form 72. Since both of the switches 50 and 56
are on for exactly the same period of time and are on for exactly one-half of the
duty cycle, the voltages transmitted through these switches, as summed at the
15 output nbde 52, will be zero.
Referring now to Figure 9, the triangle wave T remains centered on zero,
but that the output of amplifier 84 is +1 unit. This output is fed through invertor
92 and transmitted to compatﬁtor 96. Accordingly, comparator 96 switches on
when the triangle wave exceeds -1 unit as indicated at point C, and will switch off
20 when the triangle wave drops below one unit, as indicated F. Similarly, the
comparator 89 will switch on when the triangle wave T exceeds +1 unit as
indicated at D, and will switch off when the triangle wave T drops below one unit
as indicated at E. Accordingly, wave form 70 switches on at C and off at F, and
waveform 72 switches on at D and off at E. As can be seen in Figure 9,
25  waveforms 70, 72 are centered on one another. Accordingly, since the wave form
70 and 72 are summed at the output node 52, a positive output is delivered to the
load 74. Referring to Figure 10, where it is assumed that the output of amplifier
84 is negative one unit, the "on" time of the switches 50 and 56 are reversed from
' wwr- ... thatillustrated in Figure 9, as indicated by the-wave forms 70-and 72.. ... o« ciser
30  Accordingly, switch 56 will be turned on at point G and off at point J, and the



Referring to Figure 4, wave form 70 indicates the signal fromthe nodul ator
15 (not shown) operating switch 50 and wave form 72 i ndi cates the signal

f.romthe nodul at or operating the switch 56. The wave forns 70,72 are
as shown for a 50% duty cycle for each of the wave fornms 70, 72.
Accordi ngly, vipégagesred, at the output node 52, the OoRCPWSIAI3BI0 be
zero, since switch 50 is connecting the out put node with the positive

DC supply 54 and-the-switch 56 is connecting the 20 out put node 52 with-
t he negative DC suppl y.5 The syal |, arr N.eeach e way e
forms 70 or 72 i ﬁﬂft@h&!& %M&ﬂﬂ%ﬁsﬁﬁﬁgwa'oﬁmﬁgwaﬁﬂme
gzsi tT ihve f %ﬁ/ﬁ%imﬁvo,mm&eﬁml | bqua!ltldﬁneﬁé}'cld‘dfalge frianglerwavetRd t o |b oad
: e wave fornms ) 70, 72 W r in cenjered o ne anot her, but
the width of the mvgwﬁlﬁmmwﬁlﬂﬁﬂ%sﬁﬁw% %010?93?‘{1%? t he
wave form 70 wil !so-l%ﬁléd"kﬁ)gﬂ Mmmumr@a&hﬁmwhwmf%mmgh
ed ne

Conversely, for increas gative output, the wave c form72 will be
i ncreased and t hgowex demhandmIVis assunedithatthe putputcof amplifier 84 is zero. Itheer rj ng

I L " T St R 10 B A8 s BT,
the current in t hupwarilly ohendt s6 that itrid cereredvane uiivabuve @erocpsteskoft beiighe sum
The. curront af R B i he Sase of Fiaye & b “Tos Beef s am midgrcl o1
76 and 78 i ncl udegda2rihdlideSthé Yositicn BOME dridigle wave form had the DC bias of the
‘ 10  waveform not been shifted. Accordingly, both of the comparators switch on at
point K and off at point L, generating identical wave forms 70 and 72 operating
the switches 50 and 56. It will be noted, however, that the sum of the "on" times
of the switches 50 and 56, as indicated by the wave forms 70 and 72, exceed one
duty cycle of the triangle wave T. Referring to Figure 12, an underlap condition is
15 illustrated in which the switches 50, 56 are turned on for a total cycle of less than
the cycle of the triangle wave T. The underlap condition is used when, for
example, no output of the converter is desired for a time period. The underiap
condition is achieved by shifting the triangle wave form T downwardly one unit,
by operating the bias control 110. As indicated in Figure 12, the triangle wave
20  form T has been shifted downwardly one unit, so instead of being centered on
zero, it is centered one unit below zero. It is also assumed that the output of the
amplifier 84 is zero. In this case, as illustrated in Figure 12, both of the wave
form 70 and 72 are generated when the triangle increases above zero, as indicated
at point M, and are ended when the triangle wave drops below point N.
25  Accordingly, the wave form 70 and 72 turn on and off at the same time, but their
" total duty cycle is less than one cycle of the triangle wave T as a result of the
downward shift in the DC bias of the triangle wave T. '
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ECT/ US96/ 13800 the wave form indicated between the excursi bns
jet ween peaks A and B on the AL PE ppl e frequency or
i npressed wave formis a result of Y‘E‘}e@“ﬁ;w"éﬁgﬁ and closing of the
switch 50 in tyweowesees of the wave florm 78 ARSED SW t GBCTAS96/M800 e

case of the wave form78. It will be noted that a'S|m'Iar wave 5 faormis

i npressed on the wave form 80 but the frequency of this wave formis :
twice the frequency of the wave form i npress pon -t he cugmﬂmmﬂl L"I J”III
This is due to the fact that the sw 50 and 5@ aMIMOLRY '

different tines, thereby inpressing a ripple on t he summed wave form
of double the frequency of any single switch. Hi gher frequenc
ripples are desirabl e lpROMEE SonveRr Gomprising; acpair of switches; pachof saidiswijches pe

Therippi e ampl i ¢ o pamEipd BiewolPoOp Al shldly sOM] Gupt node comrdf

in Fi gur e 4to ¢akle of siid switehe§ Gaidroitis nade-being comnectedito aloaditandhe sane

time at zero out prli'{[odulaﬁng means for opening and closing said switches in a sequence in which the

5 electrical currents controlled by said switches are in opposition to one another, said
electrical currents being summed at said output node.

2. Power converter as claimed in claim 1, wherein said modulating means
includes means for opening and closing each of said switches at a controllable duty
cycle.

3. Power converter as claimed in claim 2, wherein said modulating means
includes means for controlling the output of the output node by increasing and
decreasing the duty cycle of one of said switches while correspondingly decreasing
and increasing the duty cycle of the other switch. ' '

4. Power converter as claimed in claim 3, wherein said constant voltage
sources includes a positive voltage source and a negative voltage source, one of
said switches being connected between said positive voltage source and said
common output node and the other switch being connected between said negative

5  voltage source and said common output node, a first one way conducting means
connected between said one switch and said negative voltage source for permitting
current to dram from said common output node when said one switch is opened,
and a second one way conducting means connected between said other switch and .
said positive voltage source for permitting current to drain from said common

10  output node when said other switch is opened. -

5. Power converter as claimed in claim 1, wherein said modulating means
includes means for closing one of said 'switches, closing the other switch, and
opening the other switch before opening said one switch.

st oot oy nrie - Ow - POWEE-cORVerter. as-claimed in. claim 1, wherein-one-of -said switches-is - e

connected to said output node through a first inductance and the other switch is
-~ connected to said output node thiviigh a second inductance. 7
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current, but in opf S|te directions, which sumto zero. Accordingly, the

ripple is . out | bove, DC to AC
power converters a M’Smm"m"m”mtes EHISaSHEETS PASiBEENAt i on whi ch
specifies a ripple at Zer'o dut put* ise  REPLABEDt he ijnvention, this

ripple anmplit yiporigsser o out put wi | I b, M mZed. 1he PCTUSY6213800
specification at zero output is chosen because, in the case of sound

anplification, noise inposed by the ripple is nost noticeabl e and annoyi ng

ampl i i cat ron, thi o (& PAESApverss ef SERRCR Al ST HiL DA s

béet ween words, efiscludes means for closmg onVof aidiswitchies ambthenl clokin; théethermiitch
i nduct ances such as the indugtances 26, 28 in Figure 1 which were

required to manaé’éf%‘h ong B ot necessary in the invention

because the switches gr %wapéo%b&érlaycraﬂ&ll BleteinoatPBodidatind Sneddk fithittes

a part of the lowpass filter. Furthernore, as will be explal ned

herei nafter, 25 mmw&rlg&mrammstdmcaismﬂlpfﬂm saidhonscswitchrand a

| onger peri od of ] Elfpl’lé{é .
necessary to opelsﬁ'fogﬁteh%&tcglnﬁm ﬁwﬁgpwmw her, %%L‘%%dul at or
i ﬁ subst anti al | y raéanp forfgenetathsy « trivpgie avhve sigomid midimeans for generanngdpuﬂlrmﬂl by
the prior ar no .cir s,.are.requir to a eveu.derla which is
achi eved by r}_g W@eﬁﬁm&awnﬁﬂ aoﬂmglo[nrq %“R/\ﬁ%g B@H‘F will
30 herei nafter geBer@iéd bgisBiddriangle wave generating means.
9. Power converter as claimed in claim 8, wherein said modulating means

includes a pair of comparators for generating said first and second electrical

signals, one of said comparators comparing said triangle wave signal with a

reference signal, the other cornparator comparing said triangle wave signal with the

5 inverse of said reference signal.

10. Power converter as claimed in claim 8, wherein said modulating means
includes means for shifting the DC level of said'triangle wave signal to create
underlap between the output of said switches.

11. Full bridge power converter comprising a high side half bridge and a
low side half bridge with a load connected between said half bridges, each of said
half bridges including a pair of switches, each switch of each half bridge being
connected between constant voltage sources and an output node common to each

S switch of each .half bridge, the output nodes of the half bridges being connected to
said load, and modulating means for opening and closing said switches of said half
bridges in a sequence in which the electrical currents mqtolled by said switches of
each half bridge are in opposition.to one another, said electrical currents being
summed at the corresponding output node of each half bridge. .

12. Full bridge power convetter as claimed in claim 11, wherein, said
modulator means includes means for phase shifting the operation of the switches of

.. .one.half bridge with respect.to-the-operation.of the switches-of the other half: ~ =~ - o=

bridge.
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PCT/ US96/ 1380 Referri nél Ho ET:H %EE@ the | g‘“\ \‘\“““
connected to a full-bridge - converter 0

converters 48A, 48B, each of which are |dent|cal to the hal f- brldge
converter 48 wooipssieted in Figure 3. Accordingly, each PCT/PSI6/A3800

el ements of each half-bridge converter 48A, 488 retain the same reference 5
numeral , but with the addition of the letter "A" or "B". It is also known

to shift t he phas the operation of he W|tc.he Qf, one q@f the
hal f - bri gges of a fuﬁ% ol b R%EWﬁWﬁsé’ﬁmP i} clgfm Ty vyherein said

hal f-bridge. Acc@oduiafihy mehhiintludédl eans for cohtrélling BRyoutiut td1the Qutputnbde of
supplied to the | oad %gll s agai n doubl ed, over '?ﬁgt ofuqiju P

hal f-bridge. It ieachchaliobrdesby meseasing and deeteasing the &qugfdgége%%% of
which, in the 10 gy g%%f%c { KHEF Brftie’ Wi Rormidpbhdihgdl§ He@ERingMd ihRélsRg the

frequency As p0|nt out a ove,
5  duty cycle of the other switch of each half bridge.
. 14. Power converter as claimed in claim 13, wherein said constant voltage
sources includes a positive voltage source and a negative voltage source, one of
said switches of each half bridge being connected between said positive voltage
source and said common output node and the other switch of each half bridge
5  being connected between said negative voltage source and said common output
node, a first one way conducting means connected between said one switch of each
half bridge and said negative voltage source for permitting current to drain from
said common output node of the éorresponding half bridge when said one switch of
each half bridge is opened, and a second one way conducting means connected
10  between said other switch of each half bridge and said positive voltage source for
permitting current to drain from said common output node of the corresponding
half bridge when said other switch of each half bridge is opened.

15. Method for operating a power converter comprising the steps of
connecting voltage sources to.a common output node through switches connecting
each of said voltage sources to said output node, and opening and closing said
switches in a sequence in which the electrical currents controlled by the switches

5 are in opposition to one another and summiné said currents at said output node.

16. Method for operating a power converter as claimed in claim 15,
wherein said method includes the step of opening and closing said switches at a
controlled duty cycle. '

17. Method for operating a power converter as claimed in claim 16,
wherein said method includes the step of controlling the output of the oufput node
by increasing and decreasing the duty cycle of one of the switches while

s ium .. coTrespondingly decreasing. and increasing the duty cycle of the other-switch.: . s
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hi gher frequency ripples are easier to filter.

to Figure 7 of the drawi ngs, a nodul a et ' ated Jlllu ﬂ
nuneral 82 includes an error anplifi eaqré"ﬁg%E %n% e differ “ ‘l ‘“““Im”l
bet ween an input signal representingla desh t he out put ‘node
.which is fed I1wotesmssiser anplifier 84 on input 86 and'a f eedbpckusssa st
which is received by inner anplifier 84 on input 88. The feedback
si‘gnal frominput 88 is taken fromthe out put node 52. The output of
error anplifier 84 is ed to.invertin .of a
conparator 89, the out pufﬁgtg&\i/vﬁ ¥ Sperating Pa’ﬂg’ﬁﬁ?‘t‘%{?ﬁwﬂ%ﬂb’efﬁ rate
switch 56. The ouwberemcﬂmdanethodmctddeéﬂﬁrst@dofslo&hgméaﬂthbhw €lBsihg iRy t Or
92 and 20 is the tra mtied to the invertin u f a conparator
96, the output 98%8fr 5V pciﬂmtmws 8‘6‘%%19%%&%5 8‘&% Sichch 50.
Modul at or 82 al so i ncligdadethiod fdr%pahﬁng\awwae&ﬁxﬁraft@ras%ﬂﬂé@%' aitny, cat ed by
the nuneral 100 whj ch recelves a square wave i nput (generated I n any

convent i onal nmann¥p§re gy thestep of eloging lone ofisaid switches amithen ne
104 and 25 trang M%g&rw&%@m\{ﬁebﬁp iLOG of the conparat or

89 and the positive corrpara or 96. Triangle wave

generator 100 is conventional and i ncludes a bias control 110 for
adjusting the DC | evel of the wave form generated by the triangle
wave generator 100 up or down. The bias control 110 can be responsi ve

to dynam c conditions, such as a pause in the case of speech 30
transm ssion and a tenporary demand for power and access that is normally
provi ded by the converter. - : -
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6 WD 97/ 08815

PCT/ US96/ 13800 Referring now to Figures 8-12, the operation
of t he nodul ator 82 and converter 48 will be described. Referring to
Figure 8, the triangle wave T generated by triangle wave generator
100 i s centeredwor/oserso. The out put of error anmplifier Périusedias

assuned to be zero. In this case, both of the conparators 89 5 and 96
swtch on at point A and off at point B. Accordingly, the wave form 70,

72 are generated, as illustrated in Figure 4. Both of the wave fornms 70 and
72 are ) turned on and off at the sane #/8ne, and have a period exactly
one-hal f of the duty cycle (the duty cycles between |jght points on
the triangle wave T, such as between points A and A OEB and B.) As

di scussed above, the switch 50, wQLch i's
A O -+

A < A

. | <
<

hig, 2. PRIOR A

14

LOAD

:
20
38 ﬁj | PRIOR ART

0
Al
\p]
V—/
/g B
o ~
- S
_J
Eﬁ"'_“ ®)
< =
D

|



10 connected to the positive DC supply voltage, is turned on and off by

t he wave form 70 and the switch 56, which is connected to the
negati ve DC supply voltage, is turned on and off by the wave form 72.
Since both of the switches 50 and 56 are on for exactly the sane
period of tinwaemessiss on for‘exactly one-half of the Porosse/Bsm, t he
vol tages transmtted through these switches, as summed at the 15 out put
node 52, will be zero. Referring now to Figure 9, the triangle
wave T remains centered on zero, but that .t he output of anplifier 84
is +1 unit. ‘This output is fed through invertor 92 and transmtted
to conparator 96. Accordingly, conparator %@ swi tches on when t he
triangl e wave exceeds -1 unit as indicated P point C, and will switch off
20 when the triangle wave drops bel ow one unit, as indicated F. _
Simlarly, the comparator 89 will switch on when the triangle wave T
exceeds +1 unit as indicated at D, and will swtch off when the
triangl e wave T drops bel ow one unit as indicated at E. Accordingly,
wave f-orm 70 switches on at C and off at F, and waveform 72 sw tches
on at D and off at E. As can be seen in Figure 9, 25 waveforns 70, 72 are
centered on one another. Accordingly, since the wave form 70 and 72
are sumred at the output node 52, aEpositive output is delivered to the

| oad 74. Referring to Figure 10, where it is assjunmed that the output of
anplifier 84 is negakjve omejunit, the <=gn" ting. the swi tches 50
and 56 are reversed from thaf ilQdstrated in Fi e 9, as indicated

by the wave forns 70 and ﬂé%\\so Acdb*dingly, switch 56 will be turned
[

on at point G and off at poiXt J,®ahd th&\\ l E]']

!
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7 WD 97/ 08815

PCT/ US96/ 13800 switch 50 will be turned on at point Hand off at
point |. The sum of the on-tine waveforms 70, 72 still remains equal
to one cycle of the triangle wave T. Figure 11 illustrates the
nodul at or 82 awdospessssrter 48 being operated in a = so-calpkedisoyBsdear

condition, such as would occur in response to a transient high 5 power
demand. It is assuned that the output of anplifier 84 is zero. In the
overlap condition, the bias control 110 is operated to shift the wave form
T . upwardly one unit, so that it is centered one unit above zero

i nstead of being 3/8

i




-

centered on zero as in the case of Figures 8-10. The dashed lines in
Figures 11 and 12 include the position of the triangle wave form had
the DC bias of the 10 waveform not been shifted. Accordingly, both of the
conparators switch on at point K and off at point L, generating

i dentical wavewoonssis0 and 72 operating . the sw tches 59%‘?/&%965‘5800”

w Il be noted, however, that the sumof the "on" tines of the

swi tches 50 and 56, as indicated by the wave forns 70 and 72, exceed one
duty cycle of the triangle wave T. Referring to Eigure 12, an underl ap

condition is 15 illustrated in which the switches 50, 56 are turned on
for a total cycle of less than the cyml e of the triangle wave T. The
underl ap condition is used when, for exanpl e, no output of the
converter is desired for a tinme peri-od. The underl ap condition is

&

ve hﬁﬂn]T downwardly one unit,

achi eved by shifting the i angl e m
éﬁi catedfDn Figure 12, the triangle

by operating the bias co ol 110.
wave 20 form T has bee hi fted 'hmmwdﬂaly onunit, so i nst ead of bei ng
centered on zero, dde uni t)bel ow zero. It is also
assuned that the output of the& anp ifier 4 1is zero. In this case,

as illustrated in Figurest2, Qe ‘gl 8\\  7Q@ynd 72 are
zero 4S5 indi gayeyl at

gener ated when the triarigde |ﬁcre£Ibs abo

point M and are ended wheq tHh Rye drops bel owjpoynt N. 25
Accordingly, the wave form YO and(ik > 0§ and off at the sane tine, but
their total duty §¥ e he i angle wave T
as a result of the 0 ri angle
wave T. + |




8: CLAI M5 1. Power converter
conprising a pair of swtches (50, 56), each of said swi tches being

connected between two constant voltage sources (54, 58) for controlling
electrical currents fromsaid voltage sources through inductors (64, 68) an
out put node (S5wpoemssi®n to each of said sw tches, said outputpcipsideisace
bei ng connected to a load (74), said electrical currents being sumed at
sai d out put node, and nodul ati ng nmeans (82) for opening and closed in a

sequence in which the electrical currents controlled by said switches are
concurrently activated in opposition

5/8
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t o one anot her. 2. Power converter as clainmed in claim1, further
characterized in that said nodul ati ng neans (82) includes neans (84, 89,

96, 100) for opening and closing each of said switches (50, 56) at a
control | abl e duty, %ﬁ Power converter as clainmed in claim
2, further characterl ¥ in that sald nmodul ati ng means (82) ingludes nmeans
(100, 89, 86) for controlling the output of the output node by'Fﬂ@F@aywwg
and decreasing the duty cycle of one of said switches while correspondi ngly
decreasing and increasing the duly cycle of t?ﬁ ot her switch.

Power converter as clainmed in claim3, furthe 8haracterized in that -said
constant vol tage sources includes a p05|t|ve vol tage source (54) and a
negati ve vol tage squrce (P8 —ome—of :;}z’ tch connect ed

bet ween_sai d positijve vol}t age source d said co n out put npde (52) and
the other switch (96) beijng connecteq between saijd negative vpltage source
(58) and said conmyn outqut node (52){, a first o i

(56) connected bet id one switgh and said gative vol tjage source f.or
permtting current
switch is opened, 3§
bet ween sai d ot her g for permtting
current drain fromjsai d comfon ~ y id &ther switch is
opened. 5.

characterized i
for closing one o

sald '}\tches

70




1: closing the other switch, and opening the other switch
bef ore opening said one sw tch. 6. Power converter as
ckainmed in claim1l, further characterized in that one of said
switches (50) is connected to said output node through a first inductance
(64) and the owom7ossastch (56) is connected to said output noperiiddsastgd 2

second I nduct ance (56). 7. Power converter as clained in
clraim 1, further characterized in that said nodul at or nmeans (82)
i ncl udes neans (100, 89, 96) for closing one’’& said swi t ches and

then closing the other switch before the one.switch is opened.

8. Power converter as claim1, further characterized in that said
nodul ati ng - heans (9 ' S nE?ﬂ)'(SQ, jerating a first
el ectrical signaljfor

/72

70




o~

controlling said one swtch and a second el ectrical signal controlling the

ot her switch, triangle wave generating neans (100) for generating a
tfiangl e wave S|gnal 5 and neans (84; 92) for generating both said
first and second electrical signals as a function of the same triangle
wave signal geN@i9av8sEs by said triangle wave generating 3800

9. Power converter as clainmed in claim8, further characterized in that
said nodul ati ng neans (82) includes a pair of conparators (89, 96) for
generating said first and second electrical .signals, one of said
conparators (89)conparing said triangle wave signal with a reference
signal, the other conparator (96) conparing 5 said triangle wave signa
with the inverse of said reference signal. 10. Power converter
as claimed in claim@8, further characterized in that said nmodul ati ng

means {82) includes neans (110) for_shiftﬂﬂg the DC | evel of said

triangle wave signal to create ‘underlap between the output of said

swi t ches. 11. Full bridge power converter conprising a high
side half bridge (48A) and a |low side half bridge (48B) with a | oad
(74) connected between said half bri dges, each of said half bridges
including a pair of switches (50A, 50B, 56A, 56B), each switch of each
hal f bridge bei ng connected between constant voltage 5 sources (54, 58)
for controlling electrical currents fromsaid voltage sources and an

out put node (52) common to each swtch of each half bridge, said electrica
currents being summed at the correspondi ng out put node of each half bridge,

t he

70




2-‘-. out put nodes of the half-bridges being connected to said

| oad, and nodul at4 neans (82) for openikng.and closing said
switches of said half bri dges characterized . {THISSHErt PR itches
are opened and ci o Muﬂm in which the el echep rA%! currents
controll ed by sai d l,ma'uum ha| f bri dge TTe—CORGLL tEgnt | y_fpct i Vat ed
5 in opposition to offe Anof hey. * CLAIMS 12. Full bri dge power
converter as claimed in claim11, further . characterized in that said
nmodul at or nmeans (82) includes neans (100, 110) for phase shifting

the operation of th f br pest the |
operation of the swi e‘tc%‘%&g‘fe&l[vgﬁer ‘{Lﬁ“e& gh‘gl p%?ggé‘glté&s 'BOPSE, ed of gaid
bri dge power coswigthes beiag cohadciRcbetWedt] @iochitant wsltdger(ﬂ 58) for E&itfoﬂ‘l@ﬁge“ zed ©
in that said nodul ati ng nmeans (82) includes neans (84

110) for contr otlestrigelivErepisiipam seid volfagosnupess and e quipyt nole éé%)mqmamn tr i dge

(48A each of said switches, said output node (52) being connected to a load (74), said -

5 electrical currents being summed at said output node, and modulating means (82) .'
for opening and closing said $witches characterized in that said pair of switches are
opened and closed in a sequence in which the electrical currents controlled by said
'sw1tches are concurrently activated in opposition to one another

2. Power converter as claimed in claim 1, further characterized in that said
modulating means (82) 1ncludes means (84, 89, 96, 100) for opening and closmg
each of said switches (50, 56) at a controllable duty cycle.

3. Power converter as claimed in claim 2, further charactenzed in that said
modulatmg means (82) includes means (100, 89, 86) for controlling the output of
the output node by increas'ing and decreasing the duty cycle of one of said switches
while correspondingly decfeasing and increasing the duty cjcle of the other switch. |

4, Power converter as claimed in claim 3, further characterized in that said-
constant voltage sources includes a positive voltage source (54) and a negative
voltage source (58) one of said sw1tches (50) being connected between said
positive voltage source and said common output node (52) and the other switch

5 (56) being connected between said negative voltage source (58) and said common
output node '(52), a i.'n'seone way eonducting means (56) connected between said
one switch and said negative voltage source for nerrnitting current to drain from
said common output node when said one switch is opened; and a second one way
conductmg means (62) connected between said other switch and said posmve

10 voltage source for permitting current to draln from said common output node (52)
' when said other switch is opened.

3. ' Power converter as claimed in claim 1, further chafacterized in that said

modulating means includes means (100, 89, 86) for closing one of said switches,

This Sheet Has Been R

IR i

AMENDED SHEET



48B) by increasing and decreasing the duty -cycle of GQLOJMLW? of
each 5 . half bridge while correspondi ngly decreasing and increasing

duty cycle of the ot her switch of each half bri jm 14.
Power converter as claimed in claim 13, further chara l"umu"mng 1,’
sai-d constant voltage sources |ncludes a positive voltage‘sobrce

and a negaglyve oIt rce 8A, 58B)., one aid swtches of :
each half bri dgetl%sé?% ¢ otfl n%‘&q éﬂe%aﬁé{ﬁh?ﬁ“ﬂmgd?? rF\?QeWBgts%léé)@ource
(54) and sai d coR\RA. out put node 5 and the other switch (56A, 56B) of

each hal f bridge belng connected between said negati ve vol tage source
(58) and sai d conmon SoURQwRr aepHerter 38 claimed in thmde fw&;ﬂr characterizeddincthatiane

b1 age. and sai o JieRat it RS SRbeied f Gie it 458561 & s cusraes
from said ( mmmtwtsun&ﬂqw)f istRAn&Rd RSA/NGtBEr Mdlel thifu gﬁ'qesew

said one switch of 10 each hal f bridge is opened, and a second one way
conduct i ng nmeandndustence £58) connect ed between said other switch of

each half bridge and,s V% C erm-tt -
current to drain frofi ?é)qovﬁc%hné%?gﬁ?m&ﬁghg%d)%h{ﬁ&aractgnzed h'thi%aid

correspondi ng h%ddthbﬂgﬁaﬂﬂﬁﬁa) sflktied mvans SMI0L 8D, 94) aeibsihgl dnelufidde is
opened. 15. Met hod for OR‘gratl ng a_power converter conpri sing

the steps of _ switchesnandcthem glosing:the ethen switels beforathemeoivitshiipapensdde (52)
through switches (50g Power. c%ﬁ%er&?gg@ﬁrhqg 5 Rhrat@hiGed &%Emé%%ﬁﬁﬁﬁnéo

sai d out put node, char act
3 _ means-(82) 1ncludes means (89, 96) for generanng a first electncal signal for

controlling said one switch and a second electrical signal controlling the ot_:her
switch, triangle wave generating means (100) for generating a triangle wave sign"al,.'

5 and means (84, 92) for ge_nefating both said ﬁfst énd second electrical signals as a
function of the same triangle wave signal genérated by said triangle wave
generating means. - '

9. Power converter as claimed in claim 8, further characterized in that said i
modulating means (82) includes a pair of comparators (89, 96) for generating said
first and second electrical signals, one of said cOmpar_ators (89)compari.ng'séid_
triangle waye signal with a reference signal, the other comparator (96) comparing

5 - said triangle wavé signal with the inverse of said reference signai. |
— _ 10. Power converter as claimed in claim 8, further characterized in that said
* modulating means (82) includes means (110) for shifting the DC level of said -
ﬁ'_ianéi”e. wa'vesigna_ﬂ to create underlap between the outputl of said switches.

11. Full bridgé power converter comprising a high side half bridge (48A)
and a low side half bridge (48B) with a load (74) connected between said half
bridges, each of said half bridgés including a pair of switches (50A, 50B, 56A,
.56B), each switch of each half bridge being .connecte_d between constant voltage

5 .'sources (54, 58) fb.rlcontrollihg electrical .cur'rents from said voltage sources and an
output node (52) common to each switch of eaéh half bridge, said electrical

. currents being ‘summed at the corresponding output node of each half bridge, the

1‘— u \J SHEET



that said switches are opened and closed in a sequenc
el ectri cal currents controlled by the switches ar
activated in opposition to one .anot her and summ n mnmgwgh HIHH
sai-d output- node (52). .- 16. Method f.or opera

converter as clainmed in claim15, further characteri zed in that said

met hod “i ncl udes t he_ st ' .cl osi tch 50 56
et hod eSS o TR O SRS Rty S5hag R i o PR e
converter as cl Qhéﬁé’ (87) Rk epemﬂ? and Wfok#g said sw1t&1@§6ﬂ§atl@rhhﬁ°€tﬂid§95 Eiié@éctér?éeg

met hod i ncl udes the step of controlling the output of ut no
(52) by increas |lm@hair$dldd@dtcéa%ﬁwg)p§h@1 mslowlan@ sﬂqum lufwmbiethe electncal _

swi tches (50, 56 in crea i ncreasing the d
cyel o5 ot tRumBrs cPnEREC R HD shates R ehlit il Uille i Coppieetash vl
operatii ng aspowgy Oﬁmﬂ @roﬁsm@mrred in claim215, further

characterized in that said nethod includes the steps of closing one of the
©12. Full bridge power converter as claimed in claim 11, further

characterized in that said modulator means (82) includes means (100, 110) for
phase shifting the operation of .the switches of one half bridge with respect to the
operation of the switches of the other half bridge. '
13. Full bridge power converter as claimed in claim 11, further
characterized in that said modulatmg means (82) includes means (84, 92, 89, 96,
110) for controlling the output to the output node (52) of each half bridge (48A,
48B) by increasing and decreasing the duty cycle of one of said switches of each
5 half bridge while correspondmgly decreasing and increasing the duty cycle of the
other switch of each half bridge
14. Power converter as claimed in claim 13, further characterized in that
-said constant voltage sources includes a posxtive voltage source (54A, 54B) and a
negative voltage source (58A 58B), one of said switches of each half bridge bemg
- connected between said ,.posmve voltage source (54) and said common output node
5 and the other switch (56A, 56B) of each half bridge being connected between said
negative voltage source (58) and said common output node (52), a first one way'
conducting means (56A, 56B) connected between said one switch of each half
bridge and said negative voltage source fcr permitting current to drain from said
cornr'ﬁ"c‘m output node of the ccrfesponding half bridge when said one switch'of' -
10 -each half bridge is opened, and a second one way conducting means (SOA S0B)
connected between said other switch of each half bndge and said posmve voltage
source for perrmttmg current to drain from said common output node (52) of the
correspondmg half bridge when said other switch of each half bridge is opened. '
15. Method for operating a power conver_ter compﬁsing the steps of
connectixig_ voltage sources to a common cutput node (52) through switches (50,

" 56) connecting each of said voltage sources to said output node, characterized in.



switches (50 or 56), closing the other switch {50 or 56)—and opening tte—

ot her - - switch before opening said one swtch.
for operating a power converter as clained in claim15, !Il“t E“Lmn lll
characterized in that said nethod includes the steps of ¢

swi t ches (50 or 56) and then'closing the other switch (50 or 56)

before openi ng ﬂﬂ? s&i8 %thches a?tWo}J&{Ed and closed in a sequence in which the electncal
currents controlled by the switches are concu_rrently activated in opposition to one
another and summing said currents at said output node (52).

16. Method for operating a power converter as claimed in claim 15, further
characterized in that said method includes the step of opening and closing said
switches (50, 56) a_it a controlled duty cycle.

" 17. Method for oper_atir_ig- a power converter as claimed in claim 16, further
chara_derized in that said method includes the step of controlling the output of the
output node (52) by increasing and decreaéing the duty cycle of one of the
switches (50, 56) while correspondingly decreasing and increasing the duty cycle

5 of the other switch (50, 56). | | |
| 18. Method for operating é. power converter as claimed in claim 15, further
~ characterized in that said method includes the steps of closing one of the
switches (50 or 56) closing the other sw1tch (50 or 56), and openmg the other
switch before opening said one switch.

19. Method for operatmg a power converter as claimed in claim 13 ﬁlrther
characterized in that said method includes the steps of closing one of said switches
(50 or 56) and then closing the other switch (50 or 56) before opemng the one

switch.
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1. Power converter comprising a pair of switches (50, 56), each of said switches

.

REPLACEMENT SHEET

being connected between two constant voltage sources (54, 58) for coiitrolling electrical currents
from said voltage sources through inductors (64, 68) an output node (52) common to each of said
switches, said output node (52) being connected to a load (74), said electrical currents being
summed at said output node, and modulating means (82) for opening and closed in a sequence in
which the electrical currents controlied by said switches are concurrently activated in opposition
to one another. '

2. Power converter as claimed in claim 1, further characterized in that said
modulating means (82) includes means (84, 89, 96, 100) for opening and closing each of said
switches (50, 56) at a controilable duty cycle.

3. Power converter as claimed in claim 2, further characterized in that said
modulating means (82) includes means (100, 89, 86) for controlling the output of the output node
by increasing and decreasing the duty cycle of one of said switches while corresbondingly
decreasing. and increasing the duly cycle of the other switch.

4. Power converter as claimed in claim 3, further characterized in that said constant
voltage sources includes a positive voltage source (54) and a negative voltage source (58), one of
said éwitches (50) being connected between said positive Voitage source and said common output
node (52) and the other switch (56) being connected between said negative voltage source (58)
and said common output node (52), a first one way conducting means (56) connected between
said one switch and said negative voltage soﬁrce for permitting current to drain from said
common output node when said one switch is opened, and a second one way conducting means
(62) connected between said other switch and said positive voltage source for permitting current
drain from said common output node .(52) when said other switch is opened.

5. Power converter as claimed in claim 1, further characterized in that said

modulating means includes means (100, 89, 86) for closing one of said switches,
18 FEB 1999




