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Abstract - This paper deals with a new converter capable of « Better symmetry between the switches;
operating in high frequency, featuring high efficiency and « Constant reverse voltage under any load.
improved circuit EMI characteristics. The main characteristic Even newer solutions, as [7], don't present all these
of the circuit is to work with non-pulsating input and output features ' ’
currents. Besides, it presents zero-voltage switching (ZVS) )
and constant clamping voltage. Theory and experimental
results taken from a 600W, 25 kHz laboratory prototype are s2 c
presented. —|': b T Ca?l
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purpose of this paper. The reasons for researching these
topologies are the improved EMI characteristics in the
input and the reduced size of the output filter. The proposed
converter was developed based on previously presented Fig. 2. Converter already presented in [5].
converters [5] and [6]. Commercial components were used
to assure industrial application.
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A new DC-DC converter presenting low current ripple  — v, —|'< b1 cat 1cosro
characteristics either in the input and output is the main -
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Fig. 1. Cuk converter
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Of the large variety of topologies with these Rectifier
characteristics [1], [2], [4] and [7], Cuk, Figure 1, is the ) ]
Co o
|_

most used and better understood topology. The converter
presented in [5], Figure 2, was basically developed to
improve some characteristic of Cuk converter. A full
bridge version of this topology was presented in [6], Figure Ro
3.

The proposed converter was developed using the Fig. 3. Converter presented in [6].
converters on Figure 2 as a basement.
The converter [5] was developed in order to improve

some characteristics of Cuk converter as: 1. THE CIRCUIT AND PRINCIPLE OFOPERATION
* |solation;
« Soft switching; The converter is presented in Fig. 4 It is basically a full

» Active voltage clamping. bridge version of the converter presented in [5]3, Lin2

Despite of its good efficiency [5] presents variablénd L operate in continuous current mode. The inductance

reverse voltage across switches. The converter presenteddn@long with snubber capacitors,;Qdo G, provide a

[6] was developed to deal with higher power levels and fiSonant transition permitting zero-voltage turn-on that
presents lower voltage levels when compared to [5]. Biftliminates turn-on switching power losses. Capacitqes C

this converter presents asymmetrical operation and edhCas @lso provide capacitive turn-off snubbing reducing
switch is submitted to a different current stress. Th&€ commutation losses. The switches are arranged in
proposed converter is the second generation of [6] aRfidge structure, they are driven in phase-shift way. The

presents the following characteristics:
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voltage across £imposes the voltage across the blocking

switch of the pair. Fig. 5 shows the key waveforms.
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Fig. 4. Proposed Structure.
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Complete operation can be described in 14 stages. THE
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Fig. 5. Basic waveforms.

are shown in Fig. 6 until Fig. 19.
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Fig. 6. First stage.

First Stage(§,t): Switches $and S conduct. During this
stage energy stored in 3 transferred to load. Voltageyis

equal V;, /(1- D) and it is completely absorbed by output
filter. It finishes when Sis opened.
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Fig. 7. Secondostage.

Second stage(tt,): When $ is closed, voltage across.C
grows linearly from zero untiV,, /(1— D), while voltage

across G decreases fronV,, /(Ll—-D) until zero. W is
positive , 3 and b are biased. It ends & when Vg is

equal to zero.
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Figure. 8. Third stage.

Third stage(t ,t3): Voltage Vas should become negative.
D, conducts and allows; $urn on under zero voltagegs® D,
are biased and the rectifier bridge stay in short circuyi. ¥
equal to zero. From the converter’s point of view, branch A-B
is reduced to an inductor {f charged with ¢l,)). This state
§ts until Sis turned off.
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Fig. 9. Forth stagé. + o -
Fig. 12. Ninth stage.
Forth stage (§,t,): This stage begins when B turned off, Seventh stage {it;): S; turns on. |4 still decreases until

voltage across & increases from zero untV,, /(1— D), reach -(4+ly).
while voltage across fg decreases fromV,, HID until J J
524{ Ca2

—

zero. It ends when {Tonducts.
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Fig. 10. Fifth stage.
_ Eighth stage (1,ts): When |4 reaches -(ol+ I;)), Dgand B
Fifth stage (& ,ts): S must be commanded to U Ofye tyrned off. W is equal to—V,, /(L- D) and it is applied

Voltage Vg become negative,. equal teVi, /(_l_ D_)' to the output filter. Energy is stored if,.L During this stage
Current |4 decreases from-r, until reach lin;. In this point, C, transfers energy to output. It ends when S1 is opened.

the stage is over.
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Fig. 14. Ninth stage.

Fig. 11. Sixth stage.

. ~ Ninth stage (§ ,ty): When $ is turned off under zero
Sixth stage @,t): Current |4 decreases, becomes negatixftage, voltage across,dncreases linearly from zero until

2Pad g?gt(i)T/Lé?s to decrease until reachgg.-In this point theVin /(1- D), while voltage across & decreases from
g ' Vi, /@—D) until zero. Vig is negative, Pand Oy are

directly biased. It ends when,¥ is equal to zero.
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Fig. 15. Tenth stage. Fig. 18. Thirteenth stage.

Tenth stage ¢,tio): Voltage Vag should become positive. Thirteenth stage b ,ti3): Current |4 still decreases until
Ds e D; are biased but the sense of curregaplt the rectifierinverting its sense and become positive and reggh. IThe

bridge in short circuit condition. A4 is still equal to zerostage is over

From the converter's point of view , the branch A-B is - Lz 1 “l L .
reduced to inductor () conducting current {lI,). It ends 15 ’ I - ol
when S3 is turned off. e ” LDQ
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Fig. 19. Fourteenth stage.

Vo

Fig. 16. Eleventh stage. Fourteenth stage (t,t14): S is turned on. | still increases

until it reaches gH .

Eleventh stage (§,t11): It begins when $is turned off.

Voltage across £ grows from zero untiV,, /(1- D), while

voltage across & decreases fronV,, AD until zero. It
ends when Ris turned on. It is a resonant stage.

Ca3 J

I1l. ANALISYS OF THECONVERTER

The voltage drop is proportional to the current

demanded by the load.

’
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Fig. 17. Twelfth stage. Thus:
Twelfth stage ( ,t12): In this point $ must be ordered to V% _ 2D - 4T, 5, O, 4)
turn on. Voltage between points A e B become positive and o v,

equal toV,, /(1— D). I.4 decreases from «ftly,) until reach
ILin2. When it happens the stage is over.
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From (4) that represents the dc voltage conversion ratio



of the converter, it can be noticed that the largeis|. the S2, S3 and S4 commutations. ZVS commutation can be
. . served. Voltage M and V can be observed in Fig. 28.

larger als-o is the reduction of the.output voltage caused E?g 29 presents current through the resonant indugtor |

the reactive voltage drop. Clamping voltage behaves asyaltage ripple across {Js on Fig. 30. Clamping voltage

Boost converter when operating at 0.5 duty-cycle. Vciand output voltage are shown in Fig. 31.

Ve 1
Yoo = (5) 92 —
Vi, 1= Dpoost 90 / "~
Where: 88
86
Dgoost = 0.5 (6) 84 /
Thus: 82
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The descending lines that constitute the output Fig. 22. Experimental efficiency x output current.

characteristic curve are shown in Fig. 20. Fig. 21 shows

Vc; that is the voltage across; Gnd represents the by, ey | M et e
. . . . I L S T U AR s A
maximum voltage applied to the switches; 6 constant g S %&
to any load as expected. FET S W, < ¢<F
q 2 \ g :
S~ [~~~ |D=1
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Fig. 20. Output characteristic curve. :
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Fig. 21. Clamping voltage (.
Fig. 24. Voltage and current through S1.
IV. EXPERIMENTAL RESULTS
* Output power o FPO00W
« Input voltage: Vin =400 V ] = :
» Output voltage: o ¥60V N\,,n/" 9
» Switching frequency: s 25 kHz -
* Maximum duty-cycle: me = 0.5
* Voltage ripple across &, AV =2%
* Current ripple through kL, Al=20%
The experimental efficiency is shown on Fig. 22. Steady

state operation is achieved when D = 0.4. A Fig. 23 shows Vs2 — 400 V/div gs/div 1S2-1D2 — 2 A/div
currents }y, lin2, € hin. Fig. 24 until Fig. 27 present S1,
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Fig. 25. Voltage and current through S2
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Vo — 400 mV/div 1s/div

Vs3 — 400 V/div gs/div 1S3- 2 A/div ID3- 400 mA/div
Fig. 30. Output voltage ripple (Vo).

Fig. 26. Voltage and current through S3.

Vo

/\/\f\/" A2

Vo — 20 V/div ¥, — 400 V/div 2fis/div

Fig. 31. Voltages ¥; and Vo.
Vs4 — 400 V/div gs/div 1S4- 2 A/div ID4- 200 mA/div
V. CONCLUSIONS

Fig. 27. Voltage and current through S4.

This paper presents the analysis, design procedure and
experimental results of a new isolated ZVS-PWM active
clamping non pulsating input and output current and output
: DC converter. Non pulsating currents characteristic is
: interesting when lower EMI level in the input and lower

. output capacitor volume are required.
*—-ﬁ ,ﬂ The proposed converter is suited to applications where
o high efficiency is required due to its ZVS characteristics.

Its clamping voltage is always constant and equal to
twice input voltage. It is an unusual characteristics in an
active clamping converter that represents an improvement
in this kind of converter.
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Vag, Vi — 400 V/div 1fxs/div
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