
US 20010026460A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0026460 A1 

Ito ct al. (43) Pub. Date: Oct. 4, 2001 

(54) MULTIWAY POWER CONVERTER Publication Classi?cation 

(76) Inventors: Youichi Ito, KaWagoe-shi (JP); Sinji (51) Int- Cl-7 - ~~~~~ -- HOZJ 3/ 00 
Sam, pujimi_shi (JP); Yasuhim (52) US. Cl. .............................................................. .. 363/34 

Nakajima, KaWagoe-shi (JP); (57) ABSTRACT 
Toshlhlko Watanabe’ Kawagoe_shl (JP) A switching power converter capable of operation in either 

Correspondence Address: Nonconversion, StepdoWn, or Stepup Mode. Included is a 
Michael P- Dunnam Esq- parallel circuit of three serial connections of a ?rst, a second 
WOODCOCK WAS’HBURN KURTZ and a third pair of sWitches. The junction betWeen the ?rst 
MACKIEWICZ & NORRIS ’ pair of sWitches is connected to an a.c. input terminal via an 
one Liberty Place 46th Floor inductor, the junction betWeen the second sWitch pair 
Philadelphia’ PA 19103 (Us) grounded, and the junction betWeen the third sWitch pair 

connected to an a.c. output terminal via another inductor. 
The ?rst and third sWitch pairs are driven at the frequency 

(21) APPL NO: 09/820,469 (eg 50 HZ) of an a.c. input voltage, and the second sWitch 
pair at a higher frequency (eg 20 kHZ), in Nonconversion 
Mode; the ?rst sWitch pair at the loW frequency, and the 

(22) Filed; Man 29, 2001 second and third sWitch pairs at the high frequency, in 
StepdoWn Mode; and the ?rst and second sWitch pairs at the 

(30) Foreign Application Priority Data high frequency, and the third sWitch pair at loW frequency, 
in Stepup Mode. The second sWitch pair is invariably driven 

Apr. 3, 2000 (JP) .................................... .. 2000-101500 at the high frequency. 

11m, 

CONVERTER CONTROL CIRCUIT 



Patent Application Publication Oct. 4, 2001 Sheet 1 0f 14 US 2001/0026460 A1 

FHDOEU QOMPZOO MHHMWPZOU 

a V 8 

ml #1: 





Patent Application Publication Oct. 4, 2001 Sheet 3 0f 14 US 2001/0026460 A1 

FIGB 

(A) Vin 0 A / 

(a) 'Vm 

(C) VQz M 

nnnmummnnm 
I 

(F) VQ5 

(0) VQs 



Patent Application Publication 

FIGA 

Oct. 4, 2001 Sheet 4 0f 14 US 2001/0026460 A1 

(A) Vin 

(B) VQ1 M 

M! 1 i 

(c) VQ2 m7“ ’ ‘M 

(D) VQ3 -111“? 
l FT 7'1 

51mm; m J 
I | _ _ f 

~ WW‘: JL: 
(F) V9.5 I - I I 

‘ I 

LIUULHMUWIHJUM 1Y5. 
' l ‘_*____ _ 

O 



Patent Application Publication Oct. 4, 2001 Sheet 5 0f 14 US 2001/0026460 A1 

FIG.5 



Patent Application Publication Oct. 4, 2001 Sheet 6 0f 14 US 2001/0026460 A1 

FIG.6 

4V5 -— 200V 

( 8) Vs _ __ _ . . Q 

-~20OV 



Patent Application Publication Oct. 4, 2001 Sheet 7 0f 14 US 2001/0026460 A1 

FIG.'7 



Patent Application Publication Oct. 4, 2001 Sheet 8 0f 14 US 2001/0026460 A1 



Patent Application Publication Oct. 4, 2001 Sheet 9 0f 14 US 2001/0026460 A1 

_FIG.9 



Patent Application Publication Oct. 4, 2001 Sheet 10 0f 14 US 2001/0026460 A1 

FIG.1O 

Vr2\ A A _ A A .____100v 

Vt _ __ ,_ __ __x________ Q “Ti/ii“ -.. 

FIG.11 
r1 

I """57 ------ "3291’- 200v 
__.-- 180V 
---- 100v 

A 
W3? A /\ A I\ 
Vr2 __ _ ____ __ __ _____0 

Vt 
.___ _._. _._ --~ ---200v 

' /’Z'_.\__- _ _ _ _ _ _ _ _ _ __-. \/ 

W3“ A A I\ 1230”: 3 VH’J /\ /\ /\ ______ 30v 



Patent Application Publication Oct. 4, 2001 Sheet 11 0f 14 US 2001/0026460 A1 

2. mm 

m9> 

mm 

NW.“ 

3?! moeomemm wwblv ma?a? Boga .. 

MOPOHFHQ MOFOHEHQ HU<HHO> EOE/Q 





Patent Application Publication Oct. 4, 2001 Sheet 13 0f 14 US 2001/0026460 A1 

um 

mm 

.ZHU E2? . EDUZQHMP 
NNDIY wmblv 

@OHOHBHQ HU<BAO> BO HMHQ 

3.2m 
MOBO "MEWS HG§AO> BDmZH 



Patent Application Publication Oct. 4, 2001 Sheet 14 0f 14 US 2001/0026460 A1 

$0> mm: 
a ; >‘lllllll 

9mm. qm + 5mm. _ 

m2, 3+ 

2.5 
N9». H 5 Q 

6 . l 

> All +? \ v i. 
N? mm :> Ii“ 

0m 

x A.“ UN NNblv mopomkmm 

Qbi @339, eom?m 

MOHOHHHQ ".635? 5% MOHUHEHQ 
i 

CM Fm 



US 2001/0026460 A1 

MULTIWAY POWER CONVERTER 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to electric power converters 
in general and, in particular, to a single- or multi-phase 
power converter capable of conversion from one alternating 
voltage to another in more Ways than one; that is, the output 
voltage may be either equal to, or higher or loWer than, the 
input voltage. 
[0002] The a.c.-to-d.c.-to-a.c. poWer converter has been 
knoWn Which is constituted of a half-bridge a.c.-to-d.c. 
converter and a half-bridge d.c.-to-a.c. inverter. HoW to 
improve the ef?ciency of this type of poWer converter has 
also been knoWn, as described and claimed by Japanese 
Unexamined Patent Publication No. 8-126352 ?led by the 
assignee of the instant application. It suggests use of a high 
sWitching frequency, a frequency much higher than that of 
the input voltage, only for some of the sWitches included in 
the a.c.-to-d.c.-to-a.c. converter, and actuation of the other 
sWitches at the input voltage frequency for recti?cation 
purposes, rather than driving all the sWitches of the a.c.-to 
d.c. converter and d.c.-to-a.c. inverter at the high frequency. 

[0003] The noted prior art a.c.-to-d.c.-to-a.c. converter is 
capable of operation in either of three different modes 
depending upon the Way the sWitches are controlled: (a) 
Nonconversion Mode in Which the output voltage is 
approximately equal to the input; (b) StepdoWn Mode in 
Which the output is loWer than the input; and (c) Stepup 
Mode in Which the output is higher than the input. Such a 
multiWay poWer converter can, in effect, transform one a.c. 
input voltage into several different a.c. output voltages, or 
several different a.c. input voltages into one a.c. output 
voltage. 
[0004] Although the prior art device succeeds in reduction 
of sWitching frequencies, it has some offsetting draWbacks. 
Its poWer factor and current Waveforms are still unsatisfac 
tory. Additionally, it has very complex circuitry, With too 
many sWitches, in order to provide for selective operation in 
the three different modes. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of this invention to improve 
the poWer factor of a multiWay poWer converter of the kind 
de?ned. 

[0006] Another object of the invention is to simplify the 
circuit con?guration of a multiWay poWer converter of the 
kind de?ned. 

[0007] Brie?y, the invention may be summarized as a 
multiWay poWer converter for converting an alternating 
input voltage from a poWer supply, connected betWeen a ?rst 
and a second input terminal, into tWo or more different 
alternating output voltages to be applied to a load connected 
betWeen a ?rst and a second output terminal. Included are a 
serial connection of a ?rst and a second sWitch, With a 
junction therebetWeen connected to the ?rst input terminal, 
another serial connection of a third and a fourth sWitch With 
a junction therebetWeen connected to interconnected second 
input terminal and second output terminal, and still another 
serial connection of a ?fth and a siXth sWitch With a junction 
therebetWeen connected to the ?rst output terminal. All the 
three serial sWitch connections are connected in parallel With 
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one another. At least tWo inductors are connected in posi 
tions selected from among a ?rst position betWeen the ?rst 
input terminal and the junction betWeen the ?rst and the 
second sWitch, a second position betWeen the ?rst output 
terminal and the junction betWeen the ?fth and the siXth 
sWitch, and a third position betWeen the interconnected 
second input terminal and second output terminal and the 
junction betWeen the third and the fourth sWitch. 

[0008] Also included is a control circuit comprising at 
least any tWo of: (a) ?rst control means for making on-off 
control of the ?rst and the second and the ?fth and the siXth 
sWitch at the frequency of the input voltage, and of the third 
and the fourth sWitch at a frequency higher than that of the 
input voltage, in Nonconversion Mode in Which a ?rst 
voltage betWeen the ?rst input terminal or the junction 
betWeen the ?rst and the second sWitch and the intercon 
nected second input terminal and second output terminal is 
approximately equal to a second voltage betWeen the ?rst 
output terminal or the junction betWeen the ?fth and the 
siXth sWitch and the interconnected second input terminal 
and second output terminal; (b) second control means for 
making on-off control of the ?rst and the second sWitch at 
the frequency of the input voltage, and of the third and the 
fourth and the ?fth and the siXth sWitch at a frequency higher 
than that of the input voltage, in StepdoWn Mode in Which 
the second voltage is loWer than the ?rst voltage; and (c) 
third control means for making on-off control of the ?rst and 
the second and the third and the fourth sWitch at a frequency 
higher than that of the input voltage, and of the ?fth and the 
siXth sWitch at the frequency of the input voltage, in Stepup 
Mode in Which the second output voltage is higher than the 
?rst voltage. 

[0009] Thus, in each mode, one or tWo serially intercon 
nected pairs of sWitches are driven at the input voltage 
frequency for less sWitchings per unit length of time and, in 
consequence, for less sWitching loss. It may also have been 
noted that the third and fourth sWitches are invariably 
operated at the high frequency in all the modes, affording 
improvement in poWer factor in each mode. 

[0010] Preferably, for controlling the three pairs of 
sWitches as outlined above, there can be employed a rect 
angular Wave generator connected to the pair of input 
terminals for generating a rectangular Wave voltage at the 
same frequency as the input voltage. The rectangular Wave 
voltage can be utiliZed for driving the one or tWo pairs of 
sWitches at the input voltage frequency in each mode, 
instead of at the high frequency. The rectangular Wave 
generator and associated means for prevention of the high 
frequency driving of the required sWitch pair or pairs are 
recommended for their simplicity in construction and reli 
ability in operation. 

[0011] In a preferred embodiment of the invention to be 
disclosed subsequently, the converter is so constructed as to 
provide a constant output voltage in the face of changes in 
input voltage, or several different output voltages from an 
unvarying input voltage. Either Way, hoWever, the converter 
operation in each case may be described as either Noncon 
version, StepdoWn, or Stepup Mode. 

[0012] The above and other objects, features and advan 
tages of this invention Will become more apparent, and the 
invention itself Will best be understood, from a study of the 
folloWing description and appended claims, With reference 
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had to the attached drawings showing some preferred 
embodiments of the invention. 

BRIEF DESCRPTION OF THE DRAWINGS 

[0013] FIG. 1 is a schematic electrical diagram of a power 
converter circuit shoWn together With a converter control 
circuit in block form, the poWer converter circuit and the 
converter control circuit constituting in combination the 
multiWay poWer converter embodying the novel concepts of 
this invention; 

[0014] FIG. 2 is a schematic electrical diagram, partly in 
block form, of the converter control circuit of the FIG. 1 
poWer converter; 

[0015] FIG. 3, consisting of (A) through (G), is a series of 
Waveform diagrams explanatory of hoW the six sWitches of 
the FIG. 1 converter are driven in response to the input 
voltage in Nonconversion Mode; 

[0016] FIG. 4, consisting of (A) through (G), is a series of 
Waveform diagrams explanatory of hoW the six sWitches of 
the FIG. 1 converter are driven in response to the input 
voltage in StepdoWn Mode; 

[0017] FIG. 5, consisting of (A) through (G), is a series of 
Waveform diagrams explanatory of hoW the six sWitches of 
the FIG. 1 converter are driven in response to the input 
voltage in Stepup Mode; 

[0018] FIG. 6, consisting of (A) and (B), shoWs the input 
and output Waveforms of the rectangular Wave generator of 
the FIG. 2 converter control circuit; 

[0019] FIG. 7, consisting of (A) through (C), shoWs the 
Waveforms of the inputs to the three comparators of the FIG. 
2 converter control circuit in Nonconversion Mode; 

[0020] FIG. 8, consisting of (A) through (C), shoWs the 
Waveforms of the inputs to the three comparators of the FIG. 
2 converter control circuit in StepdoWn Mode; 

[0021] FIG. 9, consisting of (A) through (C), shoWs the 
Waveforms of the inputs to the three comparators of the FIG. 
2 converter control circuit in Stepup Mode; 

[0022] FIG. 10 is a Waveform diagram explanatory of the 
relationship betWeen the triangular Wave voltage applied to 
one input of each of the three comparators of the FIG. 2 
converter control circuit and the signals applied to the other 
inputs of the comparators in Nonconversion Mode; 

[0023] FIG. 11 is a Waveform diagram similar to FIG. 10 
but explanatory of the signal relationship in StepdoWn 
Mode; 
[0024] FIG. 12 is also a Waveform diagram similar to 
FIG. 10 but explanatory of the signal relationship in Stepup 
Mode; 
[0025] FIG. 13 is a diagram similar to FIG. 2 but shoWing 
a modi?ed converter control circuit for use With the FIG. 1 
poWer converter circuit; 

[0026] FIG. 14 is also a diagram similar to FIG. 2 but 
shoWing a modi?ed converter control circuit for use With the 
FIG. 1 poWer converter circuit; 

[0027] FIG. 15 is also a diagram similar to FIG. 2 but 
shoWing another modi?ed converter control circuit for use 
With the FIG. 1 poWer converter circuit; and 
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[0028] FIG. 16 is also a diagram similar to FIG. 2 but 
shoWing yet another modi?ed converter control circuit for 
use With the FIG. 1 poWer converter circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMETNS 

General 

[0029] The invention Will noW be described in detail as 
embodied in several preferred forms of sWitching multiWay 
poWer converters or voltage regulators With improved poWer 
factors. FIGS. 1 and 2 are both directed to the ?rst of such 
preferred forms, Which is broadly divisible into a poWer 
converter circuit 1 shoWn in detail in FIG. 1 and a converter 
control circuit 2 shoWn in block form in FIG. 1 and in detail 
in FIG. 2. As the names imply, the poWer converter circuit 
1 deals With actual poWer conversion, and the converter 
control circuit 2 controls the poWer converter circuit. 

PoWer Converter Circuit 

[0030] With reference to FIG. 1 the poWer converter 
circuit 1 is shoWn With a commercial ac. power supply 3, 
With a frequency of 50 HZ for instance, connected betWeen 
its pair of ac. input terminals 4 and 5, and With a load 11 
connected betWeen its pair of output terminals 6 and 7. The 
input terminal 5 and the output terminal 7 are interconnected 
and grounded. 

[0031] Among the primary components of the poWer 
converter circuit 1 are six controllable electronic sWitches 

Q1, Q2, Q3, Q4, Q5 and Q6, a smoothing capacitor C in the 
form of an electrolytic capacitor With poles, Which may also 
be called a dc. capacitor or do link capacitor, an input-stage 
reactor or inductor L1, an output stage reactor or inductor L2 
for ?ltration, an input-stage capacitor C1 for ?ltration, and an 
output-stage capacitor C2 for ?ltration. 

[0032] The six electronic sWitches Ql-Q6 are all shoWn as 
metal oxide semiconductor ?eld-effect transistors (MOS 
FETs) each in the form of an inversely parallel connection 
of a sWitching FET S1, S2, S3, S4, S5 or S6 and a diode D1, 
D2, D3, D4, D5 or D6. These diodes Dl-D6 could, hoWever, 
be discrete parts, not built into the sWitches Q1-Q6, and the 
FETs Sl-S6 other types of semiconductor sWitches such as 
bipolar transistors or insulated-gate bipolar transistors. 

[0033] The ?rst and second sWitches Q1 and Q2 are inter 
connected in series, and so are the third and fourth sWitches 
Q3 and Q4, and the ?fth and sixth sWitches Q5 and Q6. These 
three serial circuits of sWitches, and the dc. capacitor C too, 
are all interconnected in parallel With one another. The 
junction 8 betWeen the ?rst and second sWitches Q1 and O2 
is connected to the ac. input terminal 4 via the ?rst inductor 
L1. The junction 9 betWeen the third and fourth sWitches Q3 
and O4 is connected to the grounded input terminal 5. The 
junction 10 betWeen the ?fth and sixth sWitches Q5 and O6 
is connected to the ac. output terminal 6 via the second 
inductor L2. 

[0034] The tWo capacitors C1 and C2 are both loW-pass 
?lters, the capacitor C1 being connected betWeen the pair of 
input terminals 4 and 5 for attenuation of incoming currents 
above a predetermined cutoff frequency. The other capacitor 
C2 is connected betWeen the pair of output terminals 6 and 
7 for elimination of frequencies above a prescribed cutoff 
frequency from the voltage output. 
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[0035] The ?rst inductor L1 is intended both for produc 
tion of the output voltage VO that is higher than the input 
voltage Vin and for improvement of the current Waveform 
and the poWer factor at the input. The illustrated placement 
of the ?rst inductor betWeen the input terminal 4 and the 
junction 8 betWeen the third and fourth sWitches Q3 and Q 4 
is not an absolute requirement for attainment of these 
objectives. Alternatively, one or more inductors could be 
inserted anyWhere betWeen the ac. poWer supply 3 and the 
sWitch junction 9. For instance, as indicated by the phantom 
block designated L3 in FIG. 1, an inductor might be con 
nected betWeen the grounded input terminal 5 and the 
junction 9 betWeen the third and fourth sWitches Q3 and Q 4. 
As an additional alternative, tWo inductors might be con 
nected betWeen the junction 8 betWeen the ?rst and second 
sWitches Q1 and Q2 and the junction 9 betWeen the third and 
fourth sWitches Q3 and Q4, one in serial relationship to the 
?rst and third sWitches, and the other in serial relationship to 
the second and fourth sWitches. It is also possible to provide 
such an alternative inductor or inductors in addition to the 
illustrated inductor L1. 

[0036] The siX MOS FET sWitches Ql-Q6 all have their 
gates connected to the converter control circuit 2 by Way of 
lines 12, 13, 14, 15, 16 and 17, respectively, in order to be 
controlled thereby. It is understood that these sWitches are 
conventionally controlled by application of control signals 
betWeen their gate and source. FIG. 1 does not, hoWever, 
shoW the sWitch driver circuits for simplicity. 

[0037] The converter control circuit 2 has inputs con 
nected to the input terminals 4 and 5 via respective conduc 
tors 18 and 19, to the output terminal 6 via a conductor 20, 
to the opposite polarity terminals of the smoothing capacitor 
C via respective conductors 21 and 22, and to a current 
detector 23 via a conductor 24. In response to all these inputs 
the converter control circuit 2 produces control signals for 
the sWitches Q1-Q6. The current detector 23 is for detection 
of the current ?oWing through the input terminal 4. 

Operation of PoWer Converter Circuit 

[0038] Con?gured as above, the poWer converter circuit 1 
is capable of operation in either of the folloWing three 
modes: 

[0039] Nonconversion Mode: The output voltage V0 is 
approximately equal to the input voltage Vin (eg 100 V). 

[0040] StepdoWn Mode: The output voltage V0 is less than 
the input voltage Vin. 

[0041] Stepup Mode: The output voltage V0 is higher than 
the input voltage Vin. 

[0042] The poWer converter circuit 1 is to operate in either 
of the foregoing three modes depending upon the relative 
magnitudes of mode determinant voltages or commands Vrc 
and Vri, FIG. 2, as Will be detailed in conjunction With the 
converter control circuit 2. The ?rst command VIC, herein 
after referred to as the input-stage or converter voltage 
command, is in proportion With the input voltage Vin or With 
the voltage VCODV betWeen the grounded input terminal 5 and 
the junction 8 betWeen the ?rst and second sWitches Q1 and 
Q2. The second command Vri, hereinafter referred to as the 
output-stage or inverter voltage command, is in proportion 
With the output voltage VO or With the voltage Vinv betWeen 
the grounded terminal 5 or 7 and the junction 10 betWeen the 
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?fth and siXth sWitches Q5 and Q6. The poWer converter 
circuit 1 is in Nonconversion Mode When the tWo mode 
determinants VcOnV and Vinv are equal, in StepdoWn Mode 
When VcOnV is higher than V and in Stepup Mode When 
V is less than Vinv. conv 

[0043] In any of the three modes either or both of the 
input-stage sWitching circuit, comprising the ?rst and sec 
ond sWitches Q1 and Q2, and the output-stage sWitching 
circuit, comprising the ?fth and siXth sWitches Q5 and Q6, 
are prevented from operation at high sWitching frequencies 
(eg 20 kHZ). PoWer loss is thus avoided at either or both of 
the input- and output-stage sWitching circuits. 

[0044] Nonconversion Mode: 

[0045] At (A) in FIG. 3 is shoWn the sinusoidal Waveform 
of the ac. input voltage Vin, With a frequency of 50 HZ, that 
is noW assumed to be applied betWeen the input terminals 4 
and 5 of the poWer converter circuit 1. FIG. 3 further shoWs 
at (B)-(G) the siX sWitch control signals VQl-VQ6 that Will 
be applied in response to the input voltage Vin, from the 
converter control circuit 2 to the siX sWitches Q1-Q6, respec 
tively, of the poWer converter circuit 1 for converter opera 
tion in Nonconversion Mode. 

[0046] As Will become apparent from a closer study of the 
FIG. 3 Waveform diagrams, both ?rst and ?fth sWitches Q1 
and Q5 Will then be regularly turned on and off at intervals 
of 180 degrees by the rectangular pulses of the same 
repetition rate as the frequency of the input voltage Vin. The 
second and siXth sWitches Q2 and Q6 Will be turned on and 
off at the same regular intervals as the sWitches Q1 and Q5 
but in opposite phase relationship thereto. The third and 
fourth sWitches Q3 and Q 4 Will be turned on and off by the 
rectangular pulses of a repetition rate (eg 20 kHZ) that is 
higher than the input voltage frequency. 

[0047] Incidentally, according to Japanese Unexamined 
Patent Publication No. 8-1126352, supra, the equivalents to 
the third and fourth sWitches Q3 and Q4 are off in Noncon 
version Mode. In contrast, in this embodiment of the inven 
tion, the sWitches Q3 and Q 4 are driven at a high frequency 
With a vieW to the improvement of the poWer factor and of 
the input current Waveform. 

[0048] With the sWitches Ql-Q6 controlled as shoWn in 
FIG. 3, a positive-going current Will ?oW from ac. power 
supply 3 to load 11 through a circuit comprising the ?rst 
inductor L1, ?rst sWitch Q1, ?fth sWitch Q5, and second 
inductor L2 during each positive half-cycle, as from tO to t1 
in FIG. 3, of the input voltage Vin. During each negative 
half-cycle, as from t1 to t2, of the input voltage Vin, on the 
other hand, a negative-going current Will ?oW through a 
circuit comprising the ac. poWer supply 3, load 11, second 
inductor L2, siXth sWitch Q6, second sWitch Q2, and ?rst 
inductor L1. 

[0049] It Will be appreciated that only the tWo sWitches Q3 
and Q4 are driven at 20 kHZ, and the other four sWitches Q1, 
Q2, Q5 and Q6 at 50 HZ, during operation in Nonconversion 
Mode. With these latter sWitches thus turned on and off a 
reduced number of times per unit length of time, poWer loss 
through sWitching is reduced to a minimum. 

[0050] Driven at the higher frequency, the sWitches Q3 and 
Q4 contribute as folloWs to the improvement of the poWer 
factor and the current Waveform. Acurrent Will ?oW through 
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a path comprising the power supply 3, ?rst inductor L1, ?rst 
switch Q1, and third sWitch Q3 When the third sWitch Q3 is 
on during each positive half-cycle of the input voltage Vin. 
The input current is therefore adjustable through control of 
the third sWitch Q3 for improvement of the poWer factor and 
the current Waveform, the latter objective being tantamount 
to the elimination of higher harmonics. A current Will ?oW 
through a path comprising the poWer supply 3, fourth sWitch 
Q 4, second sWitch Q2, and ?rst inductor L1 When the fourth 
sWitch is on during each negative half-cycle of the input 
voltage Vin. An adjustment of the input current Will be made 
through control of the fourth sWitch Q4, too, for improve 
ment of the poWer factor and the current Waveform. A 
sinusoidal current Will thus be obtained. 

[0051] StepdoWn Mode: 

[0052] FIG. 4 indicates at (B)-(G) the sWitch control 
signals VQl-VQ6 Which are applied respectively to the 
sWitches Ql-Q6 in StepdoWn Mode. In response to these 
sWitch control signals, as Will be apparent from their Wave 
forms, the ?rst and second sWitches Q1 and Q2 Will turn on 
and off at the same frequency (eg 50 HZ) as that of the input 
voltage Vin shoWn at (A) in FIG. 4. All the other sWitches 
Q3-Q6 Will turn on and off as dictated by the duration 
modulated pulses of the high repetition rate (eg 20 kHZ). 

[0053] Apositive-going current Will ?oW through the path 
comprising the poWer supply 3, ?rst inductor L1, ?rst sWitch 
Q1, ?fth sWitch Q5, second inductor L2, and load 11 When 
the ?rst and ?fth sWitches Q1 and Q5 are both on during each 
positive half-cycle, as from t0 to t1, of the FIG. 4(A) input 
voltage Vin. The voltage Vinv betWeen the junction 10 
betWeen the ?fth and siXth sWitches Q5 and Q6 and the 
grounded terminal 5 or 7 Will then be approximately equal 
to the input voltage Vin. 

[0054] Apositive-going current Will ?oW through the path 
comprising the poWer supply 3, ?rst inductor L1, ?rst sWitch 
Q1, capacitor C, siXth sWitch Q6, second inductor L2, and 
load 11 When the ?rst and siXth sWitches Q1 and Q6 are both 
on during each positive half-cycle, as from tO to t1, of the 
input voltage Vin. The voltage Vinv betWeen the junction 10 
betWeen the ?fth and siXth sWitches Q5 and Q6 and the 
grounded terminal 5 or 7 Will then be approximately equal 
to the difference betWeen the input voltage Vin and the 
voltage VC across the capacitor C. 

[0055] Anegative-going current Will ?oW through the path 
comprising the poWer supply 3, load 11, second inductor L2, 
siXth sWitch Q6, second sWitch Q2, and ?rst inductor L1 
When the second and siXth sWitches Q2 and Q6 are both on 
during each negative half-cycle, as from t1 to t2, of the input 
voltage Vin in StepdoWn Mode. The voltage Vinv betWeen 
the junction 10 betWeen the ?fth and siXth sWitches Q5 and 
Q6 and the grounded terminal 5 or 7 Will be approximately 
equal to the input voltage Vin. 

[0056] Anegative-going current Will ?oW through the path 
comprising the poWer supply 3, load 11, second inductor L2, 
?fth sWitch Q5, capacitor C, second sWitch Q2, and ?rst 
inductor L1 When the second and ?fth sWitches Q2 and Q5 are 
both on during each negative half-cycle, as from t1 to t2, of 
the input voltage Vin. The voltage Vinv betWeen the junction 
10 betWeen the ?fth and siXth sWitches Q5 and Q6 and the 
grounded terminal 5 or 7 Will be approximately equal to the 
difference betWeen the input voltage Vin and the voltage VC 
across the capacitor C. 
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[0057] As is apparent from the foregoing, as the ?fth and 
siXth sWitches Q5 and Q6 are turned on and off at the high 
frequency in StepdoWn Mode, there Will be alternately 
created a period in Which the voltage Vinv betWeen the 
junction 10 betWeen the ?fth and siXth sWitches Q5 and Q6 
and the grounded terminal 5 or 6 is approximately equal to 
the input voltage Vin, and a period in Which that voltage Vinv 
is approximately equal to the difference betWeen the input 
voltage Vin and the capacitor voltage V0. The result is the 
output voltage VO that is loWer than the input voltage Vin. 

[0058] The third and fourth sWitches Q3 and Q 4 are con 
ducive to the improvement of the poWer factor and the 
elimination of higher harmonics in StepdoWn Mode, as in 
Nonconversion Mode. 

[0059] The third and fourth sWitches Q3 and Q4 also 
function to keep the voltage Vc of the capacitor C under 
control. This capacitor is charged through the circuit com 
prising the ?rst, second, ?fth and siXth sWitches Q1, Q2, Q5 
and Q6 in StepdoWn Mode. If left uncontrolled, therefore, 
the capacitor C Would be charged inde?nitely. This possi 
bility is averted as the third and fourth sWitches Q3 and Q4 
are turned on and off at the high frequency to discharge the 
capacitor C. The capacitor discharge Will take place as 
folloWs: 

[0060] First, When the input voltage Vin is in its positive 
half-cycle and, at the same time, When the fourth sWitch Q4 
is on, the current discharged from the capacitor C Will ?oW 
through the closed circuit comprising the capacitor C, ?rst 
sWitch Q1, ?rst inductor L1, poWer supply 3, and fourth 
sWitch Q 4. Energy Will then be stored on the ?rst inductor 
L1. Then, as the third sWitch Q3 is turned on during the 
positive half-cycle of the input voltage Vin, the energy that 
has been stored on the ?rst inductor L1 Will be released 
through the closed circuit comprising the ?rst inductor L1, 
poWer supply 3, third sWitch Q3, and ?rst sWitch Q1. The 
energy Will be fed from ?rst inductor L1 back to poWer 
supply 3. 

[0061] Thus, as the third and fourth sWitches Q3 and Q 4 are 
controlled by the duration-modulated pulses, (D) and in 
FIG. 4, at a repetition frequency much higher than the input 
voltage frequency, the discharge periods of the capacitor C 
Will be controlled by the pulse durations in such a Way that 
the capacitor voltage VC Will remain practically constant. 

[0062] When the third sWitch Q3 is on during the negative 
half-cycles of the input voltage Vin, the capacitor C Will be 
discharged through the closed circuit formed by the capaci 
tor C, third sWitch Q3, poWer supply 3, ?rst inductor L1, and 
second sWitch Q2. Further, When the fourth sWitch Q4 is on 
during the negative half-cycles of the input voltage Vin, the 
inductor L1 Will release its energy through the closed circuit 
comprising the ?rst inductor L1, second sWitch Q2, fourth 
sWitch Q4, and poWer supply 3. 

[0063] Stepup Mode: 

[0064] In Stepup Mode the siX sWitches Q l-Q6 of the FIG. 
1 poWer converter circuit 1 are under the control of the 
sWitch control signals VQ1-VQ6, respectively, Which are 
shoWn at (B)-(G) in FIG. 5. It Will be observed from these 
Waveform diagrams that the ?rst to fourth sWitches Ql-Q4 
are controlled at the high frequency, and the ?fth to siXth 
sWitches Q5 and Q6 at the loW frequency. 
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[0065] More speci?cally, in Stepup Mode, a current Will 
How in a ?rst direction through the path comprising the 
poWer supply 3, ?rst inductor L1, ?rst sWitch Q1, ?fth sWitch 
Q5, second inductor L2, and load 11 When the ?rst and ?fth 
sWitches Q1 and Q5 are both on during the positive half 
cycles, as from tO to t1 in FIG. 5, of the input voltage Vin. 
The voltage Vinv betWeen the junction 10 betWeen the ?fth 
and siXth sWitches Q5 and Q6 and the grounded terminal 5 or 
7 at this time Will be approximately the same as the input 
voltage Vin. 
[0066] A current Will How in the ?rst direction through the 
path comprising the poWer supply 3, ?rst inductor L1, 
second sWitch Q2, capacitor C, ?fth sWitch Q5, second 
inductor L2, and load 11 When the second and ?fth sWitches 
Q2 and Q5 are both on during the positive half-cycles of the 
input voltage Vin. The output voltage VO at this time Will be 
the sum of the input voltage Vin and the capacitor voltage V6. 

[0067] A current Will How in a second direction through 
the path comprising the poWer supply 3, load 11, second 
inductor L2, siXth sWitch Q6, second sWitch Q2, and ?rst 
inductor L1 When the second and siXth sWitches Q2 and Q6 
are both on during the negative half cycles, as from t1 to t2 
in FIG. 5, of the input voltage Vin. The output voltage VO at 
this time Will be the sum of the input voltage Vin and the 
voltage across the ?rst inductor L1. 

[0068] A current Will How in the second direction through 
the path comprising the poWer supply 3, load 11, second 
inductor L2, siXth sWitch Q6, capacitor C, ?rst sWitch Q1, 
and ?rst inductor L1 When the ?rst and siXth sWitches Q1 and 
Q6 are both on during the negative half-cycles of the input 
voltage Vin. The voltage Vinv betWeen the junction 10 
betWeen the ?fth and siXth sWitches Q5 and Q6 and the 
grounded terminal 5 or 7 at this time Will be approximately 
the same as the input voltage Vin. 

[0069] The desired objectives of poWer factor and Wave 
form improvement are accomplished in Stepup Mode, too, 
thanks to the third and fourth sWitches Q3 and Q 4. 

[0070] The capacitor voltage VC is controllable through 
on-off control of the third and fourth sWitches Q3 and Q4. 
These sWitches are turned on and off at a higher frequency 
(20 kHZ) than are the ?fth and siXth sWitches Q5 and Q6 in 
order to keep the capacitor C from an undesired voltage drop 
in Stepup Mode, as Will be detailed hereinbeloW. 

[0071] The capacitor C Will be charged from the poWer 
supply 3 through the closed circuit comprising the ?rst 
inductor L1, ?rst sWitch Q1, capacitor C, and fourth sWitch 
Q4 When the input voltage Vin is in its positive half-cycles, 
and at the same time, When the fourth sWitch Q 4 is on. Since 
then the ?rst inductor L1 releases the energy that has been 
stored therein, the capacitor C Will be charged by the 
resultant of the supply voltage Vin and the ?rst inductor 
voltage, Which is higher than the output voltage V0. Energy 
Will be stored on the ?rst inductor L1 When the third sWitch 
Q3 is on during the positive half-cycles of the input voltage 
Vin, as then a current path Will be completed Which com 
prises the poWer supply 3, ?rst inductor L1, ?rst sWitch Q1, 
and third sWitch Q3. 

[0072] A current Will ?oW through a path comprising the 
poWer supply 3, third sWitch Q3, capacitor C, second sWitch 
Q2, and ?rst inductor L1 When the third sWitch is on during 
the negative half-cycles of the input voltage Vin. The capaci 
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tor C Will therefore be charged by the resultant of the supply 
voltage Vin and the ?rst inductor voltage. 

[0073] A current Will ?oW through a path comprising the 
poWer supply 3, fourth sWitch Q4, second sWitch Q2, and 
?rst inductor L1 When the fourth sWitch is on during the 
negative half-cycles of the input voltage Vin. Energy Will 
therefore be stored on the ?rst inductor L1. 

[0074] As is clear from the foregoing, the ?rst and second 
sWitches Q1 and Q2 serve mainly for voltage stepup, the third 
and fourth sWitches Q3 and Q 4 mainly for poWer factor and 
Waveform improvement, and the ?fth and siXth sWitches Q5 
and Q6 mainly for voltage stepdoWn. 

Converter Control Circuit 

[0075] As illustrated in detail in FIG. 2, the converter 
control circuit 2 broadly comprises an input voltage detector 
circuit 41, a direct voltage detector circuit 42, an output 
voltage detector circuit 43, a ?rst or input-stage voltage 
command generator circuit 44, a second or output-stage 
voltage command generator circuit 45, a rectangular Wave 
generator 46, three arithmetic circuits 47, 48 and 49, tWo 
limiters 50 and 51, a triangular Wave generator 52, three 
comparators 53, 54 and 55, and three inverters or NOT 
circuits 56, 57 and 58. 

[0076] The input voltage detector circuit 41 is connected 
to the pair of voltage converter input terminals 4 and 5, FIG. 
1, by Way of lines 18 and 19 for generating a referential 
sinusoidal Wave by detecting the supply voltage Vin. The 
direct voltage detector circuit 42 is connected to the pair of 
opposite polarity terminals of the capacitor C, FIG. 1, by 
Way of lines 21 and 22 for providing a signal indicative of 
the capacitor voltage V0. The output voltage detector circuit 
43 is connected to the pair of voltage converter output 
terminals 6 and 7, FIG. 1, by Way of lines 19 and 20 for 
providing a signal indicative of the output voltage V0. In 
practice the voltage signals put out by the three detector 
circuits 41-43 may be conveniently less than the actual 
supply voltage Vin, actual capacitor voltage V0, and actual 
output voltage V0. For the ease of understanding, hoWever, 
the voltage outputs of these detector circuits Will be assumed 
to be equal to the actual voltages in the folloWing continued 
explanation of the converter control circuit 2. 

[0077] The ?rst or input-stage voltage command generator 
circuit 44 includes a subtracter 60 having inputs connected 
to the direct voltage detector circuit 42 and a unidirectional 
reference voltage source 59 for providing a signal indicative 
of the difference betWeen the capacitor voltage VC and the 
reference voltage. The output of the subtracter 60 is con 
nected to a proportional integrator (PI) 61 and thence to a 
multiplier 62, the other input of Which is connected to the 
input voltage detector circuit 41. The difference signal is 
therefore multiplied by the referential sinusoidal Wave, With 
an effective value of, say, 100 volts, supplied from the input 
voltage detector circuit 41. The resulting output from the 
multiplier 62 represents the desired magnitude of the input 
current for holding the capacitor voltage VC constant. 

[0078] Also included in the input-stage voltage command 
generator circuit 44 is a subtracter 63 having one input 
connected to the multiplier 62, and another to the current 
detector 23, FIG. 1, by Way of the line 24. The output from 
the subtracter 63 indicates the difference betWeen the actual 




















