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(57) ABSTRACT 

The con?gurations of a parallel-connected resonant converter 
circuit and a controlling method thereof are provided in the 
present invention. The proposed circuit includes a plurality of 
resonant converters, each of Which has tWo input terminals 
and tWo output terminals, Wherein all the tWo input terminals 
of the plurality of resonant converters are electrically series 
connected, and all the tWo output terminals of the plurality of 
resonant converters are electrically parallel-connected. 
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PARALLEL-CONNEC TED RESONANT 
CONVERTER CIRCUIT AND CONTROLLING 

METHOD THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to a parallel-connected 
resonant DC/DC converter circuit and a controlling method 
thereof, Which can be employed to realiZe a current balance 
among converters When the switching frequencies of all the 
converters are the same. 

BACKGROUND OF THE INVENTION 

[0002] The developing trend of the DC/ DC converter is just 
like that of the most of the poWer supply products, that is - - - 
high e?iciency. The resonant DC/DC converter is easier to 
realiZe the high ef?ciency due to its feature of soft-sWitching. 
HoWever, there are still certain existing drawbacks regarding 
the resonant DC/DC converter, e.g., the high ac current of the 
output ?lter of the series resonant DC/ DC converter resulting 
in the high poWer loss and the large volume of the output ?lter. 
[0003] FIGS. 1(a)-1(d) are schematic circuit diagrams of 
several kinds of resonant DC/DC converter circuit. FIG. 1(a) 
shoWs a series resonant converter Which includes a DC poWer 
source providing an input voltage Vin, a ?rst and a second 
sWitches S1-S2, a resonant capacitor Cs and an output capaci 
tor Co Wherein the output voltage Vo can be gotten on it, an 
inductor Ls, a transformer T, diodes D1-D2 and load R0. The 
differences betWeen FIG. 1(b) and FIG. 1(a) are that a capaci 
tor Cp is parallel-connected to the primary side of the trans 
former T; the resonant capacitor Cs is omitted; and an induc 
tor Lr among the secondary side of the transformer T, the 
diode D1 and the output capacitor Co is added. FIG. 1(c) 
shoWs a parallel resonant converter, e. g. an LCC resonant 
converter and the difference betWeen FIG. 1(c) and FIG. 1(b) 
is that the resonant capacitor Cs connected in series With the 
inductor Ls is added. The difference betWeen FIG. 1(d) and 
FIG. 1(a) is that a magnetizing inductor Lm is parallel-con 
nected to the primary side of the transformer T. Taking the 
example of the LLC series resonant DC/DC converter as 
shoWn in FIG. 1(d), the operating Waveforms are shoWn in 
FIG. 2. S1 and S2 indicates the driving signals of the sWitches 
S1-S2 respectively; is and im are currents ?oWing through the 
resonant inductor Ls and the magnetiZing inductor Lm 
respectively; im has the values of Im and —Im respectively When 
sWitches S1 and S2 are turned off; Vds1 is the voltage 
betWeen the drain and the source of the sWitch S1; i D1 and i D2 
are current Waveforms of the output rectifying diodes D1 and 
D2; Io is the output current of the converter; i Dl+i DZ-Io is the 
current ?oWing through the output ?lter (output capacitor) 
Co; Vcs is the voltage across capacitor Cs; and all the Wave 
forms in FIG. 2 operate in six intervals (t0-t1, t1-t2, . . . and 

t5-t6) per period, and iterate from the seventh interval(t6?0). 
And since i D1 and i D2 have larger ripples, the ac current value 
of the output ?lter (output capacitor) Co is large Which results 
in large siZe of Co and high poWer loss of the converter. 

[0004] To decrease the ac current of the output ?lter (output 
capacitor) Co, the interleaved method is alWays used to con 
trol the resonant converters, Wherein the interleaved method 
means that at least tWo converters operate at substantially the 
same frequency and With some phase 4) (0°<([)<360°) shifted 
betWeen them. HoWever, some problems still exist due to the 
characteristics of the resonant converters. 
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[0005] When the interleaved control method is adopted, the 
resonant converters operating at the substantially the same 
frequency and With some phase shifted betWeen them are 
alWays connected in parallel at a common output ?lter and 
their input terminals are all connected together. Thus the ac 
current of the output ?lter (eg the output capacitor) Co is 
cancelled and the effect of the cancellation is the function of 
the shifted phase 4) so that the siZe of the output ?lter (output 
capacitor) Co is decreased. The interleaved control method is 
Widely used in PWM converters since they operate at constant 
frequency and could regulate the output voltage and the cur 
rent through changing the duty ratio such that the current 
balance betWeen the interleaved PWM converters is easy to 
be realiZed. While in a resonant converter, the regulations of 
the output voltage and the current are realiZed through chang 
ing the frequency. If the resonant converters are forced to 
operate in the same frequency, the current balance betWeen 
the interleaved resonant converters is hard to be realiZed due 
to their different characteristics. On the contrary, if each con 
verter regulates the voltage and the current on its oWn so as to 
realiZe the current balance, they could not operate at the same 
sWitching frequency so as to lose the advantage of the con 
trolling method for the interleaved and parallel-connected 
con?guration. 
[0006] Keeping the draWbacks of the prior arts in mind, and 
employing experiments and research full-heartily and persis 
tently, the applicant ?nally conceived a parallel-connected 
resonant DC/DC converter circuit and a controlling method 
thereof. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide a parallel-connected resonant DC/ DC converter cir 
cuit and a controlling method thereof, Which can be employed 
to realiZe a current balance among converters When the 
sWitching frequencies of all the converters are the same. 
[0008] According to the ?rst aspect of the present inven 
tion, a parallel-connected resonant converter circuit includes 
a plurality of resonant converters, each of Which has tWo input 
terminals and tWo output terminals, Wherein all the tWo input 
terminals of the plurality of resonant converters are electri 
cally series-connected, and all the tWo output terminals of the 
plurality of resonant converters are electrically parallel-con 
nected. 
[0009] Preferably, the circuit further includes a DC poWer 
source having a positive and a negative terminals, an output 
capacitor, and a plurality of input capacitors, each of the 
plurality of input capacitors has a ?rst and a second terminals 
and is electrically parallel-connected to the tWo input termi 
nals of a corresponding one of the plurality of resonant con 
verters, Wherein the output capacitor is electrically parallel 
connected to the tWo output terminals of each the resonant 
converter, and the series-connected resonant converters are 
connected in paralleled With the DC poWer source at the 
positive and the negative terminals. 
[0010] Preferably, each the resonant converter is one of a 
series resonant DC/DC converter and a parallel resonant 
DC/DC converter. 
[0011] Preferably, the series resonant DC/DC converter is 
an LLC series resonant DC/ DC converter. 

[0012] Preferably, the parallel resonant DC/DC converter is 
an LCC parallel resonant DC/ DC converter. 
[0013] Preferably, the plurality of resonant converters are 
operating at substantially the same frequency 
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[0014] Preferably, the plurality of resonant converters are 
operating under an interleaved mode. 
[0015] According to the second aspect of the present inven 
tion, a parallel-connected resonant converter circuit includes 
a ?rst resonant converter having tWo input terminals and tWo 
output terminals, a second resonant converter having tWo 
input terminals and tWo output terminals, Wherein the tWo 
input terminals of the second resonant converter are electri 
cally series-connected With the tWo input terminals of the ?rst 
resonant converter, and the tWo output terminals of the second 
resonant converter are electrically parallel-connected With 
the tWo output terminals of the ?rst resonant converter. 
[0016] Preferably, the circuit further includes a DC poWer 
source having a positive and a negative terminals, an output 
capacitor and a ?rst and a second input capacitors, Wherein 
the ?rst and the second input capacitors are electrically par 
allel-connected With the tWo input terminals of the ?rst and 
the second resonant converters respectively, the output 
capacitor is electrically parallel-connected With the tWo out 
put terminals of the ?rst and the second resonant converters, 
each of the ?rst and the second input capacitors has a ?rst and 
a second terminals, the ?rst terminal of the ?rst input capaci 
tor is coupled to the positive terminal, the second terminal of 
the ?rst input capacitor is coupled to the ?rst terminal of the 
second input capacitor, and the second terminal of the second 
input capacitor is coupled to the negative terminal. 
[0017] Preferably, the ?rst and the second resonant convert 
ers are operating under an interleaved mode. 

[0018] Preferably, each of the ?rst and the second resonant 
converters is an LLC series resonant DC/DC converter. 

[0019] Preferably, the ?rst and the second resonant convert 
ers operate With 90° phase shifted. 
[0020] Preferably, the ?rst and the second resonant convert 
ers are operating at substantially the same frequency. 
[0021] According to the third aspect of the present inven 
tion, a controlling method for a parallel-connected resonant 
converter circuit, Wherein the circuit includes a plurality of 
resonant converters, each of Which has tWo input terminals 
and tWo output terminals, all the tWo input terminals of the 
plurality of resonant converters are electrically series-con 
nected, and all the tWo output terminals of the plurality of 
resonant converters are electrically parallel-connected, 
includes steps of: (a) causing an input current ?oWing through 
the tWo input terminals of a speci?c one of the plurality of 
resonant converters to rise When an output current ?oWing 
through the tWo output terminals of the speci?c resonant 
converter rises; (b) causing an input voltage across the tWo 
input terminals of the speci?c resonant converter to decrease 
When the input current ?oWing through the tWo input termi 
nals of the speci?c resonant converter rises; (c) causing an 
input voltage across the tWo input terminals of at least one of 
the remaining ones of the plurality of resonant converters to 
rise When the input voltage across the tWo input terminals of 
the speci?c resonant converter decreases; (d) causing an out 
put current ?oWing through the tWo output terminals of at 
least one of the remaining resonant converter to rise When the 
input voltage across the tWo input terminals of at least one of 
the remaining resonant converter rises; and (e) reaching the 
balance betWeen the speci?c resonant converter and at least 
one of the remaining of resonant converters When a ratio 
betWeen the output current ?oWing through the tWo output 
terminals of the speci?c resonant converter and the output 
current ?oWing through the at least one of the remaining 
resonant converters equals to a ratio betWeen a reciprocal of a 
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DC voltage gain of the speci?c resonant converter and a 
reciprocal of a DC voltage gain of the at least one of the 
remaining resonant converter. 
[0022] Preferably, the plurality of resonant converters 
includes a ?rst and a second resonant converters, the speci?c 
resonant converter is the ?rst resonant converter and the 
remaining one is the second resonant converter. 
[0023] Preferably, the plurality of resonant converters are 
operating under an interleaved mode. 
[0024] Preferably, the plurality of resonant converters are 
operating at substantially the same frequency. 
[0025] The present invention may best be understood 
through the folloWing descriptions With reference to the 
accompanying draWings, in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1(a) shoWs a circuit diagram of a series reso 
nant DC/DC converter in the prior art; 
[0027] FIG. 1(b) shoWs a circuit diagram of a parallel reso 
nant DC/DC converter in the prior art; 
[0028] FIG. 1(c) shoWs a circuit diagram of an LCC parallel 
resonant DC/DC converter in the prior art; 
[0029] FIG. 1(d) shoWs a circuit diagram of an LLC series 
resonant DC/DC converter in the prior art; 
[0030] FIG. 2 shoWs operating Waveforms of an LLC series 
resonant DC/DC converter in the prior art; 
[0031] FIG. 3 shoWs a schematic circuit diagram of a circuit 
having N interleaved and parallel-connected resonant con 
ver‘ters according to the ?rst preferred embodiment of the 
present invention; 
[0032] FIG. 4 shoWs a schematic circuit diagram of a circuit 
having tWo interleaved and parallel-connected resonant con 
ver‘ters according to the second preferred embodiment of the 
present invention; 
[0033] FIG. 5 shoWs a circuit diagram of a circuit having 
tWo interleaved and parallel-connected resonant converters 
according to the second preferred embodiment of the present 
invention; and 
[0034] FIG. 6 shoWs operating Waveforms of a circuit hav 
ing tWo interleaved and parallel-connected resonant convert 
ers according to the second preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0035] As shoWn in FIG. 3, it is a schematic circuit diagram 
of a circuit having N parallel-connected resonant converters 
operating in interleaved mode according to the ?rst preferred 
embodiment of the present invention. In Which, it includes a 
DC poWer source, input capacitors C1-Cn, a ?rst to a nth 
resonant converters and an output capacitor Co providing an 
output voltage. All the DC inputs of the DC/ DC resonant 
converters are series-connected, all the outputs of the DC/DC 
resonant converters are parallel-connected, and the sWitching 
frequencies of all the converters are substantially the same. 
[0036] Taking the example of tWo parallel-connected reso 
nant converters as shoWn in FIG. 4, it includes a DC poWer 
sourceVin, a ?rst and a second resonant converters, a ?rst and 
a second input capacitors C1-C2, and an output capacitor Co 
providing an output voltage V0. 
[0037] Vin1 and Vin2 indicate the input voltages of the ?rst 
and the second resonant converters respectively; Iin1 and Iin2 
are the DC components of the input current of the ?rst and the 
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second resonant converters respectively; and 101 and 102 are 
the DC components of the output currents of the ?rst and the 
second resonant converters respectively. Assuming that M1 
and M2 are the DC voltage gains of the ?rst and the second 
resonant converters respectively, i.e. M1:Vo/Vin1 and 
M2:Vo/Vin2, then lo1:lin1/ M1 and lo2:lin2/M2 under a 
stable status according to the energy conservation laW. Due to 
that the inputs of the ?rst and the second resonant converters 
are series-connected, lin1:lin2 under the stable status, thus 
lo1/lo2:M2/M1:Vin2/Vin1. 
[0038] If the ?rst and the second resonant converters belong 
to the same type and have the same design parameters, the tWo 
resonant converters still may have different gains under the 
same frequency due to the discrepancies of the actual value of 
their elements such that the output currents are different. And 
the difference betWeen the tWo output currents is determined 
by the difference betWeen the gains of the tWo resonant con 
verters. 

[0039] If the parallel-connected ?rst and second resonant 
converters belong to the same type but have different design 
parameters, or the ?rst and the second resonant converters 
belong to the different types, e. g., the ?rst resonant converter 
is a series resonant converter While the second resonant con 
verter is a parallel resonant converter, then the gains of the 
?rst and the second resonant converters under the same fre 
quency may be different, and the output currents are different. 
The difference betWeen the tWo output currents is determined 
by the difference betWeen the gains of the ?rst and the second 
resonant converters. The input voltages of the ?rst and the 
second resonant converters V1111 and Vin2 are proportional to 
their gains since their outputs are parallel-connected. 
[0040] No matter What kind of aforementioned parallel 
connections is employed, if an external disturbance causes 
lo1/lo2>M2/M1 at a speci?c moment under a dynamic status, 
that is to say the current of 101 is increased, Which results in 
lin1>lin2 such that V1n1 decreases, and V1112 increases so as 
to force 102 to rise until lo1/lo2:M2/ M1, thus a balance point 
is reached again. Thus, this circuit has the capability of auto 
matically balancing the output currents of the ?rst and the 
second resonant converters. 

[0041] FIG. 4 is a schematic circuit diagram of a circuit 
having tWo parallel-connected resonant converters operating 
in interleaved mode according to the second preferred 
embodiment of the present invention. In FIG. 4, since the tWo 
parallel-connected resonant converters operate in interleaved 
mode Which means they operate at substantially the same 
sWitching frequency and With some phase shifted betWeen 
them and the ac current of the output ?lter (output capacitor) 
Co is reduced, the loss of the converter is decreased and the 
volume of the output ?lter (output capacitor) Co is reduced. 
The difference betWeen the output currents of the ?rst and the 
second resonant converters is determined by the difference 
betWeen the gains of the ?rst and the second resonant con 
verters, and the balance point under the dynamic status can be 
reached automatically. 
[0042] Similarly, in the circuit of FIG. 3, the parallel-con 
nected resonant converters could operate in interleaved mode 
With the same sWitching frequency such that the poWer loss of 
the converters is decreased and the volume of the output ?lter 
(output capacitor) Co is also reduced. The difference betWeen 
output currents of any tWo resonant converters is determined 
by the difference betWeen the gains of those tWo resonant 
converters, and a balance point can be reached under the 
dynamic status automatically. 
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[0043] FIG. 5 is a circuit diagram of a circuit having tWo 
parallel-connected LLC series resonant DC/DC converters 
operating in interleaved mode With the shifted phase, e. g., 90° 
betWeen them according to the second preferred embodiment 
of the present invention. It includes a DC poWer source pro 
viding an input voltage V111, a ?rst to a fourth sWitches S1-S4, 
input capacitors C1-C2, resonant capacitors Cs1-Cs2 and a 
common output capacitor Co, inductors Ls1-Ls2, Lm1-Lm2, 
transformers T1-T2 and diodes D1-D4, and provides an out 
put voltage Vo. FIG. 6 shoWs the corresponding operating 
Waveforms of the circuit shoWn in FIG. 5. S1, S2, S3 and S4 
indicate driving signals of sWitches S1-S4 respectively; iDl, 
iD2, iD3 and iD4 are the current Waveforms of the rectifying 
diodes D1, D2, D3 and D4 respectively; lo is the DC compo 
nent of the total output current; i Dl+i D2+i D3+i D4-lo is the AC 
current ?oWing through the output ?lter (output capacitor) 
Co. Observing from FIG. 6, the AC current ?oWing through 
the output ?lter (output capacitor) Co of the parallel-con 
nected LLC series resonant DC/DC converters is dramati 
cally decreased so that the volume of the output ?lter (output 
capacitor) Co is also decreased. The shifted phase betWeen 
the tWo LLC series resonant DC/DC converters may be other 
degree betWeen 0° and 360°, and the cancellation effect of the 
AC current ?oWing through the output ?lter varies according 
to the shifted phase. 
[0044] According to the aforementioned descriptions, the 
present invention provides a parallel-connected resonant 
DC/DC converter circuit and a controlling method thereof, 
Which can be employed to realiZe a current balance among 
converters When the sWitching frequencies of all the convert 
ers are the same, Which indeed possesses the non-obviousness 
and the novelty. 
[0045] While the invention has been described in terms of 
What are presently considered to be the most practical and 
preferred embodiments, it is to be understood that the inven 
tion need not be limited to the disclosed embodiment. On the 
contrary, it is intended to cover various modi?cations and 
similar arrangements included Within the spirit and scope of 
the appended claims, Which are to be accorded With the 
broadest interpretation so as to encompass all such modi?ca 
tions and similar structures. Therefore, the above description 
and illustration should not be taken as limiting the scope of 
the present invention Which is de?ned by the appended 
claims. 

What is claimed is: 
1. A parallel-connected resonant converter circuit, com 

prising: 
a plurality of resonant converters, each of Which has tWo 

input terminals and tWo output terminals, Wherein all the 
tWo input terminals of the plurality of resonant convert 
ers are electrically series-connected, and all the tWo 
output terminals of the plurality of resonant converters 
are electrically parallel-connected. 

2. A circuit according to claim 1 further comprising a DC 
poWer source having a positive and a negative terminals, an 
output capacitor, and a plurality of input capacitors, each of 
the plurality of input capacitors has a ?rst and a second 
terminals and is electrically parallel-connected to the tWo 
input terminals of a corresponding one of the plurality of 
resonant converters, Wherein the output capacitor is electri 
cally parallel-connected to the tWo output terminals of each 
the resonant converter, and the series-connected resonant 
converters are connected in paralleled With the DC poWer 
source at the positive and the negative terminals. 
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3. A circuit according to claim 1, wherein each the resonant 
converter is one of a series resonant DC/ DC converter and a 
parallel resonant DC/DC converter. 

4. A circuit according to claim 3, Wherein the series reso 
nant DC/DC converter is an LLC series resonant DC/DC 
converter. 

5. A circuit according to claim 3, Wherein the parallel 
resonant DC/DC converter is an LCC parallel resonant 
DC/DC converter. 

6. A circuit according to claim 1, Wherein the plurality of 
resonant converters are operating at substantially the same 
frequency. 

7. A circuit according to claim 1, Wherein the plurality of 
resonant converters are operating under an interleaved mode. 

8. A parallel-connected resonant converter circuit, com 
prising: 

a ?rst resonant converter having tWo input terminals and 
tWo output terminals; and 

a second resonant converter having tWo input terminals and 
tWo output terminals, Wherein the tWo input terminals of 
the second resonant converter are electrically series 
connected With the tWo input terminals of the ?rst reso 
nant converter, and the tWo output terminals of the sec 
ond resonant converter are electrically parallel 
connected With the tWo output terminals of the ?rst 
resonant converter. 

9. A circuit according to claim 8 further comprising a DC 
poWer source having a positive and a negative terminals, an 
output capacitor and a ?rst and a second input capacitors, 
Wherein the ?rst and the second input capacitors are electri 
cally parallel-connected With the tWo input terminals of the 
?rst and the second resonant converters respectively, the out 
put capacitor is electrically parallel-connected With the tWo 
output terminals of the ?rst and the second resonant convert 
ers, each of the ?rst and the second input capacitors has a ?rst 
and a second terminals, the ?rst terminal of the ?rst input 
capacitor is coupled to the positive terminal, the second ter 
minal of the ?rst input capacitor is coupled to the ?rst terminal 
of the second input capacitor, and the second terminal of the 
second input capacitor is coupled to the negative terminal. 

10. A circuit according to claim 8, Wherein the ?rst and the 
second resonant converters are operating under an interleaved 
mode. 

11. A circuit according to claim 8, Wherein each of the ?rst 
and the second resonant converters is an LLC series resonant 
DC/DC converter. 

12. A circuit according to claim 11, Wherein the ?rst and the 
second resonant converters operate With 90° phase shifted. 

13. A circuit according to claim 8, Wherein the ?rst and the 
second resonant converters are operating at substantially the 
same frequency. 
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14. A controlling method for a parallel-connected resonant 
converter circuit, Wherein the circuit comprises a plurality of 
resonant converters, each of Which has tWo input terminals 
and tWo output terminals, all the tWo input terminals of the 
plurality of resonant converters are electrically series-con 
nected, and all the tWo output terminals of the plurality of 
resonant converters are electrically parallel-connected, com 
prising steps of: 

(a) causing an input current ?oWing through the tWo input 
terminals of a speci?c one of the plurality of resonant 
converters to rise When an output current ?oWing 
through the tWo output terminals of the speci?c resonant 
converter rises; 

(b) causing an input voltage across the tWo input terminals 
of the speci?c resonant converter to decrease When the 
input current ?oWing through the tWo input terminals of 
the speci?c resonant converter rises; 

(c) causing an input voltage across the tWo input terminals 
of at least one of the remaining ones of the plurality of 
resonant converters to rise When the input voltage across 
the tWo input terminals of the speci?c resonant converter 
decreases; 

(d) causing an output current ?oWing through the tWo 
output terminals of at least one of the remaining resonant 
converter to rise When the input voltage across the tWo 
input terminals of at least one of the remaining resonant 
converter rises; and 

(e) reaching the balance betWeen the speci?c resonant con 
verter and at least one of the remaining of resonant 
converters When a ratio betWeen the output current ?oW 
ing through the tWo output terminals of the speci?c 
resonant converter and the output current ?oWing 
through the at least one of the remaining resonant con 
verters equals to a ratio betWeen a reciprocal of a DC 
voltage gain of the speci?c resonant converter and a 
reciprocal of a DC voltage gain of the at least one of the 
remaining resonant converter. 

15. A method according to claim 14, Wherein the plurality 
of resonant converters comprise a ?rst and a second resonant 
converters, the speci?c resonant converter is the ?rst resonant 
converter and the remaining one is the second resonant con 
verter. 

16. A method according to claim 14, Wherein the plurality 
of resonant converters are operating under an interleaved 
mode. 

17. A method according to claim 14, Wherein the plurality 
of resonant converters are operating at substantially the same 
frequency. 


