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Abstract - In this paper a new converter capat_)le of opera_ting_ in The circuit can work without coupling of the input and
high frequency, featuring high efficiency and improved circuiputput inductors in the same way as the Cuk converter [3],

EMI characteristics is presented. The main characteristic of thigit in this configuration, the converters volume will
converter is to work with non-pulsating input and output Currenfncrease

Besides, it presents zero-voltage switching (ZVS) in the main . .
and auxiliary switches as well as minimum voltage stress. The The only disadvantage observed in the proposed

principle of operation is explained and experimental results tak&@NVerter is that it requires two auxiliary switches, but it is
from a 600W, 25kHz-laboratory prototype is presented. possible to only have it with one auxiliary switch [4]. The
proposed converter is shown in Fig. 1.

I. - INTRODUCTION

It is known that the current-fed flyback push-pull slmlj} szAﬂJ}

converter has several advantages with respect to the
conventional voltage or current-fed ones. However, the

largest advantage is that it has two forms of processirg+ Lae
energy that allow a larger efficiency for a given power or a ;
larger amount of processed energy for a given efficiency. Ly,
As it was already discussed in [1,4] the mentioned Su Cu sz@cm
converters have two important disadvantages:

- The sensibility to the leakage inductance of its

transformers.

- And the fact of having pulsed currents in the input or Sia ﬂJ} Son
in the output depending on the operation mode. If it works
in buck mode the input current is pulsed; whereas if it
works in boost mode the output current is pulsed. This. . Ly
behavior increases the emission of electromagnetic )
interference irradiated. Ly,

This paper presents a solution for the problems above ' 51@% s@cu
described.

o

Il. THE PROPOSED CIRCUIT (b)

The circuit introduced in this paper was born from the Fig. 1 - New converter a) non-coupled version and b) version with
application of the active Boost type clamping [2] to the coupled input and output inductors.
new flyback-push-pull converter [1], generating a robust
and efficient circuit. lll. PRINCIPLE OF OPERATION
The new cireuit is ro_bu_st dug to Its immunity against The main waveforms of the converter are shown in the
leakage inductance variations in the two transformeﬁ

) . ) . . 2. In Fig. 2 2(b) th ti ignals of the main
connected in series. These inductances are included, in gﬁ% au:ilialr%/ S\(Ailiic?:;i 65:2 sr?og\i\i\m?:izlgga(lcss Oshojvsmthe

case of thg .puts%h—pull traP;:orrfr;ek;, tl(() tthe fcommuttatut) rrent through the main switch ¢} the output diodes
process and in he case of the flyback fransiormer, 1o ) and the auxiliary switch of the same pole (dashed

energy transfer process. ine). Fig. 2(d) shows the current through the accumulation
Also, the converter efficiency is closely associated with )- Fig. 2(d) 9

X : : i finally, Fig. 2 h he i
the fact that it has two forms energy processing: d|rer§mamt0r and finally, Fig. 2(€) shows the input current

oo Lip). The converter has a total of ten stages for an
through the push—pu_ll transformer, and indirect, throug peration cycle, however it is necessary to describe only
capacitive accumulation.

five, i.e. for half period, since in the other portion of the
period the operation is analogous.



12 Stage (§,t)) Clamping capacitor’s linear charge. V, D Al-(24-Ly) )

V, N-(1-D) Vi-T-N-(1-D)

At instant t=§, A gate-drive signal is applied &, and
S while its body diodes are conducting, therefore they The input current ripple is normalized as shown:
will commute without losses. In this stage the current in
L1 begins to increase and the sowesupplies energy to
the accumulative capacit@; and to the load. A oAy =

A current flow in both transformers’ primary windings Vi T
yielding that ¢; and @, turns on and the output current
starts to free wheel. At t=the current in the winding,,
reaches zero. The diode,ds reverse biased and the
switch Sy, turns on, while the current throu@h decreases.

NV,
Vi

and Lgop=Lgs=Lg

1\70:

With equal flyback and push-pull transformers turns-

ratio (N).

Vgs
22 Stage (t-t,) Energy transfer.

S1

At t=t; iL,, it reaches its maximum value and the current " ° " e l t (@
through the capacitoC, reaches zero and inverts its S2a || $2p ||
direction. In this stage, energy is transferred from the, |
source and of the capacitor, Gor the load. The P
commutation inductance and leakage inductance of the [z~ ﬁ
push-pull transformer are negligible in this stage due to _| | , ‘ - ©
that its currents are almost constant and only the inpqt V

inductancel; (that is the flyback transformer leakage ! A |
inductance) will have influence, due to its larger value. ¢4 ‘7 Sa/

32 Stage (tt3) The first commutation. Ip—:s ]

At t=t, S, is turns off, triggering the first process of — ©
lineal commutation. The capacit@s, assumes the current \ \ \
allowing soft commutation in the switch. Note that the -y
leakage inductance is used in the commutation. Due to thg
polarity of the current ithz, and inLy, the diode g will 12

be blocked and the conduction of the diatie will be ; /W

reinforced in the output circuit.

t ©)

42 Stage (#-t,) Clamping capacitor’s linear discharge.

b))

N

At t=t; the voltage acrosg,, reachesvi/(1-D) causing
di; to turn on, a portion of energy stored in the input : -1t (©
inductance, as well as, of energy of the source are stored in |,_ ToT ﬂ i ,Q/T A m
it. The switchS, can be gating under zero voltage. The

currents through the inductanke,, andLd,, are constant, Fig. 2 - Relevant waveforms.
and therefore, they do not influence this stage. Hence:
5%Stage ({— T/2) The Second commutation. D Al-(2:¢-1)

(3)

At t=t4, S5 is turn off causing & to assume the current o=
and prepare &5 to commute under zero voltage, at t=T/2.
When $, turns on, the next semi-cycle of operation

begins. Slfﬁj} Szal\J}

IIl. TRANSFERCHARACTERISTIC FOR D<0,5. L " |l do L

1-D)  (1-D)

In order to obtain the output characteristic is known that ¢, & Lw Y L MLHE
average flux in the flyback inductor is zero, in a [ _}
commutation period, then neglected the commutation g

Lasp g
. . . - ) Vv 02
intervals, the following equation is obtained: : I ' 4<| { Cp ﬁ % Cap
Sip S2p

VLlF’Atl -AY +VL1PAt5 Aty = VLlPAtz Aty (1)

Fig. 3 — First stage.

Substituting the expressions and with some algebraic
work, the gain is obtained in function of the duty cycle and
the input current ripple as a:



Sia Saa ‘_VO'IO , |_= Ld.IO e \T:N'VO 5
@ J} M VTN °T Ty ®)

L " |t da L The normalized input current ripple is obtained as a
Ve Lﬁw“ —”W‘—!—\ B function of the gain, the_ duty cycle.and the.normallzed
[. i output current, as shown in the following equation:

| TLase ol T (1+\70)-D_ i h V1 (2:¢-1)

N & 1o Car S @¢-D

Slp SZp (6)

Substituting the previous expression in the gain
equation, given in (3), the normalized gain is obtained:

(1Y) -7 D2-(£ +1)

—
<

Fig. 4 — Second stage.
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C, & LY L, ML(::}%'LQS CoT %Ro
[ -f“dng_du— IV. DESIGNMETODOLOGY
A\ 02
: l ﬁ 'jI Iplp Cap Following a design procedure is proposed, for a
Sip Sm switching supply based on the new converter.

Fig. 5 — Third stage a. - Specifications
These general specifications are:
Sia Soa V input Voltage
Y output Voltage
" L P output Power
Lazp ~ dor =0 F commutation Frequency

iL—W ' CQT! %Ro n Efficiency

! D Duty cycle

[ B '}g—u— 4 Ratio between Li and Ld.

Ldap doZ

v,
i 1p Cap
l 31@ Sjﬁ—lm—T The latter specification is very important because it

furnishes a notion of the input current ripple. For
Fig. 6 — Fourth stage. continuous currenty >1 is necessary. However this value

cannot be excessive (>50) since if the use of the proper
SZA

leakage of the transformer flyback is requested, large
. values will imply in the use of a very volumous core.
[ " |l dor ae Therefore, an acceptable value (for acceptable cores) it is

c, L1, v L WLH}{L P % R, 10 <¢ <20. For this project the used value was 10.

L‘— b. — Calculation of N.

L
v, d3p doo
l @m - flczp For the calculation of the transformer turns ratio the
Sip Sap . .. . . .
ideal gain is used, obtained from the real gain equation:
Fig. 7 — Fifth stage. NI
NYo _D-Al-(2:¢-0) (8)

In the former expression, the gain of the converter is a Vi (1-D)

function of the input current ripple, thus not being a good The ideal gain is that obtained when the input current
representation. Therefore, the connection is soughbme is zero, i.e. when the leakage inductance in the

betweep this ripple arjd the_ oujtput current. transformer flyback, as well as the push-pull are neglected.
The input current ripple is given by: Hence the transformation ratio is given for:
N UrN Vo) DT DT (4N '\/l' BRI N VD ©)
Lg-(2¢-1) Lg-(2C 1) (Vi +N-V,)-D2.T-(¢ +1) V.-(1-D)
o
(4)

Knowing that:



Ly =M=8’617ﬂH (14)
The voltage gain can be calculated using the obtained so
transformer ratio, as shown bellow: The L/Lq ratio is chosen ag =10, in an attempt of

optimization of the ferrite core, in order to compatible
10)nduct::mce. Hencl =87uH.

The calculation of the commutation capacitors is done
through equation 12. Knowing that the clamping voltage is
given from:

c. — Calculation of normalized gaihTo.

\TO=N-V—°
Vi

d. — Calculation of the commutation inductances
(Lg).

With the specifications of D and, and with the Vca=(1\_/iD) (15)

obtainedV, it is possible to obtain, from the output . _

characteristic, with this values, the commutation thher(ejfoge Ifo_r 18_6043A¥ = 80V the negative peak is

inductance can be calculated as: obtained [5] ly= T . .

The commutation time interval is calculated as being 7

L = IV -N (11 imes smaller than the dead time Tm, given in the gating
Fs-lo circuit. In this case for the circuit integrated (IRF2111) is

o . ~ Tm=700ns, hence is assumeity = 100ns.

With 1, is also possible to calculate the normalized

B ly-Atg

input ripple Al . Cp =13.305nF (16)

Ve
e. — Calculation of the commutation capacitors. @

: : : The commercial value used was 15nF.
The calculation of the commutation capacitors can be

obtained directly from the equations of the time intervals in
the stages [5]. The calculation is done for the worst case,
being the second commutation the more critic, therefore:  The power and control circuits of the experimental
L AL prototype are shown in Fig. 8a and Fig. 8b respectively.
Cp -y e (12)Four switches two transformers and two diodes constitute
Ve, the power circuit. The isolated command of the switches of
the same leg is obtained through the 2RFEL integrated

The commut.atlon |ntervak1t6. must.be much smaller iceit. The experimental results were obtained at rated
than the dead time between switches in the same leg.  |pad power, which is equal to 600W.

b. - Experimental Results.

V. EXPERIMENTAL PROTOTYPE:DESIGN AND
BUILDING

a. — Design example.

The specifications used were the same as in [1f. < :
therefore: i
R, =600N 7=09 V=48 Fg=25kHz
Vo=60V 15=10A N=033 D=04
And
¢ =10.

In this case a duty cycle D=0.4 was used, due the fact
that for D=0.3 the obtained leakage inductance was too
small, compromising the soft commutation.

Firstly the value of the normalized gain of the converter
is calculated, hence:

_N-Vo
Vi

Vo

~033-99_ 04125 (13)
48

Once obtained the values of M, N and D, the relative
output current (, ) is obtained from the curve of the gain 1T

of the converter with active clamping, yielding =0.136.

The relative ripple therefore isl =0.017 or Al = 3.682A.
The commutation inductance is calculated bellow:

2p

E)

Fig. 8 - Power (a) and control (b) diagrams.



Fig. 9 shows the currents in the primary (upper curve,
IL1p) and in the secondary winding (lower curve;Jlof
the flyback transformer. Note that there is continuous
current in the input and in the output, so the converter is
working as a DC-DC transformer. This means that there is
no regeneration of the commutation and leakage
inductance energy to the source. Instead, the energy is
redirected to the load through the accumulation capacitor.

This reduces the circulating reactive energy in the

converter.
(a) Table N’ 1: Power circuit.

Tek stop: 50 OMS/[S
F

281 Acgs
B

~N T T
Ip[5AdiV ]
0 —
ILs[5A/div ] N
0 —

Sip, Sp Sia Sa IRFP150
do, do MUR1530
Ds;,ds snubber output diodes SKE 4f2/04
Cs,Cs snubber output diodes 4700pf 1.6KV
polypropylene
Rs,Rs snubber output diodes 47KQ 1/2W
Co Output capacitor 47uF 250V
Ca Accumulation capacitor 15uF 250V
polypropylene
Clp, Cop 15nF 250V
polypropylene

Ly Commutation Inductors
core E-30/7
Gap approximately 4 mm.

n=12 turns AWG22

Flybacktransformer

m=9 turns AWG22 13

Fig. 9 - Flyback transformer currents ( AG/div).

Fig. 10 shows the voltages of the main and auxiliary
MOSFET's; the effective clamping in the switches is
clearly observed. The parasitic inductance of the circuit
layout causes a voltage spike of approximately 22V. A
possible solution for this situation is changing the position
of the accumulation capacitor, placing it as near as
possible of the switches.

Tek Run: 50 OMS/rs HiRes
5

core E-65/26 N=0.33 wires.
Gap approximately 2 mm. n;=27 turns. AWG22 8
WIres.
Tr Push-pullTransformer ns=6 turns AWG22, 9 .
core E-6§/26 N=0.33 wires. Ves[20V/div]
ns=18 turns AWG22, 5
wires.
(b) Table N 2: Control circuit. d
0 —>
P1 Potentiometer de 56 &
P2,P3, Potentiometer de 1€
P4 Potentiometer de 10§
Ri, R 5,6K() 1/8W @
Rs, Ry 15 K 1/8W
Rs, Re 1000 1/8W
Rz, Rg lKQ 1/8W Tek stop: 50 OMS/”S 282 Achs ,
Re, R10 15K€2 1/4W
R11, R12 1KQ 1/4W
R13 R14 15K 1/4W ’
R15 R16 1KQ 1/4W Vs [20V/div ]
Cy 82pF
C, 100nF
Cs,CiCs 56nF
Co.Cy 27pF 0 — > b .
Cs,Co 100nF
C10,Cu1 1nF
D1D»D3D4DsDe 1N4148
Dz,Dz, 2.7V 1N4371 i
Dz3,Dz4 5.1V 1IN751
QQ BC558B PNP (b)
Q3 Qu BC537 NPN
Q5969708 Q0. Q10 BC327 PNP Fig. 10 — Switch voltages: a) Main b) Auxiliary (L0s/div).
C.I1 LM311
C.I2 CD4047BE
cl13 CD4528BE Fig. 11 shows the commutation process in the main
Cl4,Cls IRF2111 switches at full load, 600W. The new circuit seems quite
Egzigvgjgig l*éfll é/BW robust, since it maintained soft switching with less than 1/5
,C13,C14, 1u ;
DoLbe TNZ936 of the nominal power.
Q11,Q12 BC337 NPN




IeK Stop: 10.0MS/s 9 Acgs

1 The proposed converter provides soft commutation
o [5Av ] (2VS) in the switches and non-pulsating input and output
currents.

The inductance’s energy is used for the commutation of
the switches and later on is accumulated in the

VosIBOVIAN T, WWWNJM 4 accumulation capacitor and regenerated to the load,
1/ guaranteeing low reactive energy in the circuit. As a
0 —= / v 4%% consequence of the transfer of energy with continuous
current in the input as well as in the output, the problems
‘/ V of the irradiated electromagnetic interference (EMI) are
' ' reduced.
Fig. 11 - Commutation process in the main switches at full load V. REFERENCES
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Fig. 12 — (a) Experimental efficiency as a function of the output current.
(b) Experimental gain.

IV. CONCLUSIONS

In this paper a new current-fed capacitive accumulation
converter was presented. The new converter is capable of
eliminating the problems of switch voltage overshoots due
to the resonance between leakage inductance of the
magnetic elements and the output capacitance of the
MOSFETSs.





