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The combination of two converters to a dual floating converter is an interesting concept. Here a
positive output double floating boost converter is treated. The concept is explained step by step
with the help of signal drawings and basic calculations. The fourth order model is derived for
large and small signals, idealized components, and can be used to study the converter when it is
not built symmetrically. A simpler model of second order is sufficient, when the two converter
stages have nearly the same component values. The position of the zeroes and the poles are
treated. The turn-on and the soft-start of the converter are also studied. With an additional stage
the inrush into the converter can be avoided and the converter can be protected from short-circuit,
no load, overheating, and overload. Simulations with the help of LTSpice are presented to validate
the considerations. The influence of the parasitic capacitors to ground are studied. Interesting
modifications of the converter are shown. Experimental results of a small laboratory converter
are presented.
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1. INTRODUCTION

To increase the power of a converter, two equal converter stages can be combined. The advantage is
that the power is now divided in two equal parts, making the cooling of the system more easily, because
of a better distribution of the losses. Furthermore, the voltage transformation ratio is changed. The
floating double boost converter (Fig. 1) consists of two boost converters, each built up by an active
switch S, a passive switch D, an inductor L, and a capacitor C. The two Boost converters are connected
in parallel at the input and in series at the output. To increase the frequency at the input side, the
converters are controlled by control signals which are shifted by 180°. With higher frequency the voltage
ripple at the output of the converter is reduced, or when the same ripple is desired the values of the
output capacitors can be reduced. The frequency of the input current is also doubled leading to the
reduction of the value of an input capacitor.
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Figure 1. Floating double boost converter (FDBC).

The boost converter and all the other basic converters are comprehensively explained in the textbooks
on Power Electronics, e.g. [1,2,3,4] is a comprehensive review of step-up converters. Ref. [5] shows
more than hundred topologies for DC/DC converters. A theoretical treatment how to construct DC/DC
converters is the paper [6]. All these converters can be enhanced to realize floating two stage converters.

In the literature floating double converters are shown especially for the boost converter. It should be
mentioned, however, that this concept can be used also for other converter structures. In Ref. [7], a
floating double boost converter is treated which combines two interleaved boost converters, so the
converter consists of four converter stages. Ref. [8] shows floating double boost converters, which
combine cascaded boost converters. In Ref. [9], triple interleaved boost converters are combined to a
dual boost converter. Ref. [10] treats an improved floating interleaved boost converter for photovoltaic
systems which uses additional resonant circuits. In Ref. [11], an experimental validation of high-voltage-
ratio low input current ripple converters for hybrid fuel cell supercapacitor systems is treated, which
uses the basic topology and additional two and three interleaved stages. Ref. [12] studies an extended
state observer-based sliding-mode control for floating interleaved boost converters. Ref. [13] uses a
bidirectional structure to study an advanced robust noise suppression control for fuel cell electric
vehicles. Ref. [14] treats an improved floating interleaved boost converter with low-ripple input current
for fuel cell applications. It uses tapped inductors and additional resonance circuits. The controller
design and a fault tolerance analysis of a 4-phase floating interleaved Boost converter for fuel cell
electric vehicles is treated in Ref. [15]. Ref. [16] shows an experimental evaluation of an interleaved
Boost topology, optimized for peak power tracking control in solar application. Ref. [17] applies the
model predictive control to the floating interleaved boost converter. Ref. [18] uses the floating Boost
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converter as supply to a DC micro-grid. Ref. [19] explains the development of a four phase floating
interleaved Boost converter for photovoltaic systems.

A special floating double Buck-Boost converter is an interesting concept as a driver for permanent exited
DC machines as treated in Ref. [20]. The floating double converter concept can be also combined with
the tristate concept; leading to converters where the active switch is replaced by two electronic switches
and an additional diode. This leads to an additional degree of freedom in the voltage transformation ratio
and in some cases the zero on the right side of the complex plane in the transfer function is avoided,
making the design of the controller easier [21]. The SEPIC converter [22] can also be used as circuit for
the floating double stage converter.

One can earth one side of the system, either the input side or the output side, depending on the application
and for security reasons. Through these parasitic capacitors to ground of the floating side of the
converter, currents flow to ground according to the change of the voltages. The higher the derivative of
the voltage, the higher the current. In Sec. 5, this will be treated more in detail. Sec. 2 shows a step by
step analysis of the converter with figures of the voltages across and the currents through the
components. In section 3 the calculation of the mathematical description of the converter is explained
and the complex fourth order model is given. By using nearly similar stages a simpler second order
model can be used. After linearization of the nonlinear large system, the small signal model is achieved
from which transfer functions can be calculated. Sec. 4 describes the inrush current problem and a simple
method to avoid it is given. This extension can be also used as electronic fuse and protect the circuit in
the case of short-circuit and open-circuit. (Remember: A boost converter is not open-circuit proved,;
with no load and a clocking transistor the output voltage increases all the time (until the losses are equal
to the energy which is taken from the source during one period, or one of the components brakes through
or is destroyed)). In Sec. 6, two modifications of the system are shown. In the modified converter the
bulk capacitors of the stages are not connected in parallel to the output terminals, but between the input
and the output connectors. This has the advantage that no inrush current occurs when the converter is
connected to a stable input voltage source. To reduce the conduction loss of the converters, active
switches have to be applied instead of the diodes. With this modification also a two-quadrant operation
is possible. Energy can be transferred from the input to output, but also in the other direction from the
output side to the input side. The converter can now be used to charge or discharge batteries or double-
layer capacitors, e.g., in a micro-grid application. In Sec. 7, some oscilloscope pictures are displayed.

2. STEP BY STEP EXPLANATION
2.1. Graphical Analyses

To get a clear understanding of the converter, we look at the voltages across the components (Figs. 2(a-
d)), and start by drawing the voltages across the inductors. The signals are drawn for the steady-state in
the continuous inductor current mode and for ideal components. The control signals are shifted by 180
degrees and have a duty cycle of one third. When S1 is turned on, the input voltage U1 is across the first
coil L1 and when the switch turns off, the current commutates into the diode D1, and the voltage across
the coil is now the input voltage minus the voltage across C1. When the switch S2 is on, U1 is across
the coil L2 and when it is off, the difference between input voltage and output voltage is across the
inductor L2. The mean value of the voltage across the inductors must be zero. Arbitrarily, we start with
an input voltage of two divisions. From these signals all other signals can be drawn. We can now draw
the voltages at the capacitors and also the input voltage. From Fig. 1 and with Kirchhoff’s voltage law
(KVL) one an immediately see that the output voltage U2 is equal to the sum of the output voltages of
the two Boost converters minus the input voltage. The output voltage must have four divisions. Now we
look at the active switches. When the switches are on, no voltage is across them and when the switches
are off, the voltage across the respective capacitor stresses the active switches. Next, we look at the
passive switches (diodes). When the diodes conduct, the voltage across them is zero and when they are
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blocking, that is during the on-time of the active switch, the negative voltage across the capacitor stresses

the diode.
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Figure 2. Voltages (a) across the coils, (b) across the capacitors, (c) across the active switches, and (d) across the
diodes.

To construct the currents (Fig. 3(a-d)) through the components we use as starting point the load current
and choose arbitrarily two divisions. When the active switch of the respective converter part is on, the
capacitor has to supply the load. When the active switch is off, the current through the inductor is fed
via the diode to the output and the capacitor has to take the surplus of the current. First one draws the
mean values of the currents through the inductors (the current through the capacitor must be zero in the
mean) and afterward refines it with the ripple of the inductor currents. The current through the coils
increases when a positive voltage is across them and decreases, when a negative voltage is across them.
Now one can look at the currents through the semiconductors. When the switch or the diode is on, the
current through the inductors flows through the semiconductors and when the switch or the diode is
blocking, no current flows through them. At last we construct the input current. The frequency of the
AC component is double the switching frequency of the converters because of the phase shift between
the control signals. The ripple is also reduced.
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Figure 3. Currents through (a) C1 and L1, (b) C2 and L2, (c) first switch and diode, and (d) second switch and
diode.

Fig. 4 shows the input current, the currents through the coils, the load current, the output voltage, the
input voltage and the control signals. Figure 5 shows the input current, the current through S1, the current
through D1, the current through D2, the current through L2, the current through L1, the load current,
the output voltage, the input voltage, the control signal of S1, and the control signal of S2. The
parameters for the converter are L1=L2=47 pH, C1=C2=330 pF, R=12.5 Q.
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Figure 4. FDBC in steady state up to down: input current (deep violet), current through S1 (dark blue); current
through D1 (grey), current through D2 (dark green); current through L2 (violet), current through L1 (red), load
current (brown); output voltage (green), input voltage (blue), control signal of S1 (turquoise), control signal of S2
(black).
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Figure 5. FDBC in steady state up to down with smaller load: input current (deep violet), current through S1 (dark
blue); current through D1 (grey), current through D2 (dark green); current through L2 (violet), current through
L1 (red), load current (brown); output voltage (green), input voltage (blue), control signal of S1 (turquoise),
control signal of S2 (black)

2.2. Basic Calculations

After the graphical analyses of the converter we make some simple calculations. The voltage-time
balance of the coils (index i is 1 or 2, naming the converter part) can be written according to,

U,d; =U; -Ug-d;) 1)

which leads to the voltage across the capacitor C;,
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1 (2)

The output voltage is,

1 1 3)
U, =Ug —U; +Uq, = 4 —1+1 - U,.
-4 — Y2

When both duty cycles are equal (this is to be preferred because the components are stressed equally),
this leads to the voltage transformation ratio

U, 1+d (4)

To get the connections between the currents one must again look at the currents through the capacitors.
The charge balance of the capacitors must be,

- (®)
I oap “di =(lti— T opp) - (1—-d;).
Therefore, one gets for the mean value of the inductor current,
Ty = I oap . ©)
1-d,

The mean value of the input current is the mean values of the inductor currents reduced by the load
current. For equal duty cycles one gets,

- (@)
= I 2-1+d 1+d - v 1+d
In=2 1LO/':jD —loap = lLoap T I Loap 1-d leading to o 14

One can see that the input power is equal to the output power, as it should be with an ideal converter.

3. MODEL OF THE CONVERTER

Both boost converters can be treated separately. In mode M1, the switch is on and the diode is off, and
one gets for the change of the currents through the coils

diy _ ®)

dt L -

The current through the capacitor is equal to the negative load current. The load current can be calculated
with Ohm’s law to,

_UcitUco—Uy 9)
LOAD — R .

The state equation for the capacitors can therefore be written according to,
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dugi _ (— Ugy —Uco + Ul)/ R . (10)
dt G

The state equations for the second mode M2 (active switch off, diode on) are,

diy U —Ug

a L (11)
1
dugi iy —(U01+Ucz —Ul)/R
dt C, ' (12)
1
One can write these four equations into one matrix differential equation for mode M1 and M2,
1
00 © 0 L
i)l loo o o |} | L
dl i 00 1 1 iLs L, )
- = “S< TS~ + u
dt| Uy RC,  RC Jue | |1 W) (13
tes) 1o 0 -1 1 lu,) |RS
RC, RC, 1
| RC, |
0o o -X 0 S
L1 L1
| I
) iL1 0 0 0 _Li iL1 Li
Bl L2 _ 2 L2 2 u "
dtjue, | | L o 1 _ 1 juy ’ 1 ) (14
u G RC, RC u RC,
O PSR S R B A I
i C, RC, RC,] | RC, |

When the switching period is small compared to the time constants of the converter, one can write (13)
with the duty cycle and (14) with one minus the duty cycle leading to

0 0 E 0 i

L . L

; i'L1 0 0 0 di_l i'L1 Li

v L2 - 2 L2 2 .

O o IR WS B P as)

C RC RC RC

u 1 1 1 lu 1

[ N T PR S U A

I C, RC, RC, | RC,

This model is nonlinear. To derive transfer functions and to construct Bode plots one has to linearize
this matrix equation. This can be done by the perturbation method. The variables are written as
combinations of the operating point value (written by capital letters with a zero in the index) and the
perturbation of the operating point (written by small letters and a roof on top). For the operating point
one gets the equations,

(D~ ¢y +Uye =0, (16)
(D~ cy +Uy =0, 17
U U U
|
(1=Dyo)l 10 - LORAD =0. 19)
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It is easy to see that the results for the operating point values are equal to the results derived from

inspecting the circuit in paragraph 2. The small signal model can be written according to,

i 0 0 DlO -1 0 i UClO 0
A L o L L N
Jiell o o om0 s
Y2 |_ 2 2 2 2 d
@) oy | |1=Do RS O PO N U y (20)
Uci 0 Uci 0 d
A C RC,  RC | RC, C 2
A I - S S U L I S 1P
i C, RC, RC, | RC, C, |
With abbreviations for the elements of the state matrix and the input matrix,
iu| [0 o Ay 0fiu|[Bs By 07,
i i|_2 _ 0 0 0 A24 i|_2 + BZl 0 st al (21)
dt) Gey | [P O As Au| i | |Ba Bz O i)
U 0 Ap Ag Auln By 0 By
Cc2 uc2
and using the Laplace transformation,
0o - 0 11(9) 0
0 S gﬂ — Ay |I:(S) :2 Béz B U(s)
= Dy(s) (22)
—Ay 0 s-Ag —Ay |Uals) By Bp O D, (s)
0 -Ap -Ag s—Ay|Uc(s) By 0 By 2
one gets the transfer function between the output voltage and the duty cycles,
Uci(s) _ 5°By +5°(— AuBa + AuiBuy )+ 5(= AuAuBy — Ay AuBi ) - AuAs ApBr
Dy(s) s* 4 8% (~ A — Au) +5° (- Ao A — Ags A — Ag Py + AgAu) (23)
+5(+ A Ags Ay + AisPg1 Agg) + Az Aoy Ag Ay
Uci(s) _ $(AsBuaS + Ay ApBys ) .
Do(s) 5% +5%(—Agy — Ay ) + 5% (— Aoy Ay — Ay Ay — Ay Agy + Ay Ayg) (24)

+5(+A% Agg A + A Ao Aus) + Az Aoy Ay Anp

This model is useful when the parameters of the converter stages differ. It should not be used when the
values of the components are equal in both boost parts of the converter.

When the converter is built symmetrically, it is easier to use a second order model for one converter
stage and multiply the result of the output voltage by two and subtract the input voltage. In this case,
one gets the simple model from Egs. (8-12) according to,

dilic|_ L e, L L ui (25)
dt[uC] 1-Db, _ 2 (uj 1 _Lo[dJ
C RC RC C

The transfer function can be calculated to,
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Uc(s)  SByp+AyBy,  —17212e4-5+1.5465€9
D(s) s%—Aps—A,A, s°+s5-4.8485e2+2.8920e7

(26)

where the working point parameters are D0=0.33, U10=24 V, R=12.5 Q, U20=47.6 V, UC0=35.8 V,
ILOAD=3.8 A, 1L0=5.68 A, calculated with ideal working point equations. Fig. 6 shows the Bode plot
and the step response for one converter part. The transfer function describes a non-phase minimum
system. The zero is on the right side of the complex plane. The zero can be calculated according to,

1- Dy Ugg
s, = PnBo _ € L _Ycol=Do _ggg49e4 @7)
B,, _lo Io
C

with a zero frequency at 14.3 kHz.

The larger the inductor value, the greater the influence of the zero. To reduce the influence of the zero
the frequency should be high, so a small inductor is enough. The position of the poles can be found at,

Sp1p2 = ApSty Ay + Ay (28)

The poles are at -2.4243e2 +-j5.3723e3 and the pole frequency is at 855 Hz.

The DC-gain is 35 dB 56.2, and changing the duty cycle by 0.01 changes the capacitor voltage by 56.2
mV. The damping is caused by

2

A small load resistor (high load) damps the system, also a small capacitor. The Bode plot and the step
response are shown in Fig. 5.
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Figure 6. Bode plot (solid line: gain response, dotted line: phase response), step response.

Fig. 7 shows the start-up of the converter (inrush omitted, the converter starts with already charged
capacitors) and the transients caused by changes of the duty cycle. The steps are small, six or three
percent up and down. To avoid large current amplitudes during the transient, one must use a ramp to
change the duty cycle instead of steps.
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Figure 7. Floating double Boost converter, duty cycle steps, up to down: current through L1 (red); output voltage
(turquoise), voltage at the output of the first converter stage (green), input voltage (blue).

4. INRUSH CURRENT

The inrush depends on the resonances of the two Boost converters. The peak current depends on the
slope of the input voltage, when it is turned on. For a step (and omitting the converter losses and the
load) the current is a positive half-wave (when the current reaches zero, the diode turns off). The inrush
current can be calculated and the idealized input peak current for the model parameters (for a single
stage) and the time for the peak can be found by,

. C.. . 1
i= ZJEUISIn[\/%tJ , (30)

|1:2\/§U1 =127 A, (31)
And,
T, =7+JCL =391ps, (32)

respectively. The peak current through the coils is 63.6 A. One must keep in mind that the coils will
saturate, the value of the coils decreases and the peak current is even higher. Fig. 8 shows the idealized
inrush current, the current through one coil, the input voltage, the current across the upper capacitor,
and the output voltage. The output voltage is negative at the beginning because the capacitors are
discharged when the input source is connected.
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1(L1) SiVA);

130A
110A=
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30A=
10A=1-
-10A

Figure 8. Idealized inrush, up to down: input current (violet), current through L1 (red); output voltage (turquoise),
voltage across C1 (green), input voltage (blue).

With an additional input transistor Siy which starts with a duty cycle from zero and increases to one by
a ramp function, the current into the converter can be reduced and controlled. This additional transistor
can also be used as a fuse to turn off the converter very fast in the case of a short-circuit, open-circuit,
overcurrent or overheat. Between the drain of the transistor S_IN and the anode of the additional diode
D_IN, an input capacitor has to be connected. Fig. 9 shows the circuit diagram of the converter with the
additional input stage.

inplu s IN L1 DNI. |—outplus

LeIT !

—
—

D_IN er s1 e
—
UIN uci1
V
inminusJ
— _c2
Jl'“ 52 T
H uc2 u2
L2 D2 K? ‘7
N1y K L
utminus

Figure 9. Converter with additional input stage

In Figs. 10 and 11 the current through one coil, the output voltage, the voltages across the two capacitors,
and the input voltage during such a turn on are shown. When S,y is turned on, the positive input voltage
Ui is across the coils, and when Sy is turned off, the current free-wheels through Din. When the
converter is working, Six must be on all the time. When the pre-stage must work as fuse Sy must be off.

Fig. 10 shows the turn-on with no load, and Fig. 11 with load. The current through L1 is depicted, the

current through the other coil looks the same, and the input current is therefore double as large. The
output voltage, the voltages across the capacitors, and the input voltage are also shown in these figures.
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Figure 10. Floating double Boost with additional inrush current reduction (no load), up to down: current through

the first coil (red); output voltage (dark green); voltage across second capacitor(turquoise); input voltage (blue),
voltage across the first capacitor (green).

2.5A ‘ 1)

25V ‘ Y(outplus) V(in)

O\E)ms 3nl‘|s Gn.‘ls 9ms 12:ns 15|.'ns 18ms 21ms 24ms 27:115 30ms
Figure 11. Floating double Boost with additional inrush current reduction (with load), up to down: current
through the first coil (red); output voltage (dark green); voltage across the second capacitor(turquoise); input
voltage (blue), voltage across first capacitor (green).

5. INFLUENCE OF THE PARASITIC CAPACITORS ON THE FLOATING SIDE

An important aspect of floating converters are capacitive currents to the ground. There are two
possibilities to ground the system: at the output or at the input side.
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5.1. Floating Input - Grounded Output

When the load is connected to ground, the output side of the converter has to be fixed to ground. The
input source is floating. The output is connected to ground. The mean voltage across the two connectors
of the input voltage source is now shifted in reference to the ground according to,

Uin_pis = (+Uc2) (33)

UN_mines = (-U; +U¢,). (34)

With large output capacitors (C1, C2) the voltages are nearly constant across these capacitors. With a
stable input voltage, the input voltage is only shifted to the ground and the capacitive displacement
currents or the leakage currents through C_plus and C_minus from the input source are small and can
be neglected as shown in Fig. 12.

5.0mA KC_?ws)

2.5mA- -

0.0mA=]

-2.5mAm oo

5.0 Amt———

5.0mA

I{C_minus)

2.5mA- - L RS SR e S S S S

PRV R I AN WS — N— S I — AR S E—

2.5mAm] e —— S — S R —

-5.0mA
50V
dove] S — T — e —
L s e T - : B
20\(_ ,,,,,,,,,,,,,,j ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, , ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, E,,,,,,,,,,,,,,j ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,
OV T

oV

Ous 2us 4us 6us 8us 10us 12us 14us 16us 18us 20ps

Figure 12. Current from the positive input terminal to ground (red), current from the negative input terminal to

ground (violet), output voltage (green), voltage between the positive input terminal to ground (blue), voltage

between the negative input terminal to ground (dark blue).

For a more realistic result one has to include the parasitic series resistors of the output capacitors (C1,
C2). At every switching event the current through the output capacitors changes its direction. The
simulation is done with 30 mQ series resistor of the output capacitors (Fig. 13).
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Figure 13. Current from the positive input terminal to ground (red) through C_plus, current from the negative
input terminal to ground (violet) through C_minus, output voltage (green), voltage between the positive input
terminal to ground (blue), voltage between the negative input terminal to ground (dark blue)

The simulation circuit is depicted in Fig. 14.
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Figure 14. Simulation circuit.

The change of the direction of the current through the floating output capacitor C1 has no effect on the
leakage currents. The change of the direction of the current produces fast voltage steps across the
parasitic resistors of the output capacitors and these voltage steps produce displacement currents through
the capacitors (C_plus, C_minus) between the input voltage source and ground.

Fig. 15 shows the current ripple of the current through the coils L2 L1, the voltage step across C1 and
the voltage step across C2, the current through the floating output capacitor, the current through the
grounded output capacitor, current through the leakage capacitors C_plus and the leakage capacitor
C_minus, the output voltage, the voltage between the positive input terminal to ground, the voltage
between the negative input terminal to ground, and the control signal of S1 and S2.

98



JOURNAL OF ENERGY SYSTEMS

12.4 A=
11.4 A

10.4A
35.60

35.38V=

35.16V-
35.60V

35.38
35.16

I(C1) | | | | I(C2)

50 V(in_plus) V(outplus) V(in_minus) V(sigma1) V(sigma2)

PV m— E—— O —— — E—— S ——

0V- T T T T T T T T T

Ops 2us dps 6us 8us 10us 12us 14pus 16ps 18ps 20ps
Figure 15. Current ripple of the current through L2 (light brown), current ripple of the current through L1 (dark
violet); voltage step across C1 (turquoise); voltage step across C2 (blue); current through the floating output
capacitor (brown), current through the grounded output capacitor (black); current through the leakage capacitor
C_plus (red); current through the leakage capacitor C_minus (violet); output voltage (green), voltage between the
positive input terminal to ground (blue), voltage between the negative input terminal to ground (dark blue), control
signal of S1 (grey, referred to ground), control signal of S2 (dark green, referred to ground)

5.2. Floating Output - Grounded Input

The second possibility to ground the system is on the input side. For security reasons it can be useful to
connect one pole of the input source to ground. We test the system again and consider the parasitic
resistor (30 mQ) of the output capacitors (C1, C2). In Fig. 16 the current ripple of the current through
L2, the current ripple of the current through L1, the voltage step across C1, the voltage step across C2
(blue), the current through the floating output capacitor, the current through the grounded output
capacitor, the current through the leakage capacitor C_minus, the current through the leakage capacitor
C_plus, the output voltage, the voltage between the negative input terminal to ground, the control signal
of S1, and the control signal of S2.

The parasitic resistors of the output capacitors (C1, C2) cause, in combination with the change of the

direction of the current, a capacitive current flowing from the output to ground. Therefore, excellent
capacitors with low series resistor should be used.
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Figure 16 . Current ripple of the current through L2 (light brown), current ripple of the current through L1 (dark
violet); voltage step across C1 (turquoise); voltage step across C2 (blue); current through the floating output
capacitor (brown), current through the grounded output capacitor (black); current through the leakage capacitor
C_minus (violet), current through the leakage capacitor C_plus (red); output voltage (green), voltage between the
negative input terminal to ground (dark blue), control signal of S1 (grey, referred to ground), control signal of S2
(dark green, referred to ground)

6. FURTHER MODIFICATIONS
6.1. Modified Floating Two Stage Double Boost Converter

A second way to avoid the inrush current when a stable supply has to be connected is to modify the
circuit by changing the position of the capacitors as shown in Fig. 17, thus avoiding the inrush
completely. The bulk capacitors (C1, C2) of the converter are now connected not at the output of the
two stages but between the output and the input. This modification is significant, when the input voltage
is a stiff one because changes of the input voltage immediately effect the output voltage. Fig. 18 shows
the input voltage, the output voltage and the current through the source. When the input voltage is
applied, the output voltage immediately reaches the input voltage, and the input current reaches the value
which is necessary to supply the load. Only a small ringing occurs.

L1 D1 3

A
gl

|

c2
1
]

Figure 17. Modified two stage floating boost converter.
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Figure 18. Modified floating two stage Boost converter: input voltage (blue), output voltage (green); input current
(dark violet)

6.2. Reduction of the Forward Losses

To reduce the onward losses, the diodes are replaced by electronic switches (S3, S4) which have lower
conduction losses than the diodes. Fig. 19 shows the circuit diagram. Besides the active switches, two
additional floating drivers are necessary which increase the costs of the system. Correct control of these
switches is also necessary. They must be turned on after the main switches (S1, S2) turn off, and off
before the main switches turn on again. The antiparallel diodes (D3, D4) of the additional active switches
(S3, S4) can turn on in the intermediate time.

L1
u1
u2
2 V
i
c2
|

Figure 19. Modified floating two stage boost converter with active switches instead of the diodes.

7. EXPERIMENT
A small converter laboratory model was built with 47 pH coils and capacitors with 330 puF. The

switching frequency was chosen to 100 kHz. ACPL-P343 floating drivers were used to control the active
switches.
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Fig. 20 shows the voltages across the electronic switches and the current through the coils in the
continuous mode.
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Figure 20. Continuous mode, up to down: voltage across switch S1 (blue), voltage across switch S2 (turquoise),
current through L1 (violet), current through L2 (green).

Fig. 21 shows the voltages across the electronic switches and the currents through the coils in the
discontinuous mode. The ringing is caused by the parasitic capacitors of the diode and the switch and is
typical for discontinuous operation.
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Figure 21. Discontinuous mode, up to down: voltage across switch S1 (blue), voltage across switch S2 (turquoise),
current through L1 (violet), current through L2 (green).

Fig. 22 shows the voltages across the electronic switches and the current through the coils near the
border between continuous and discontinuous modes. One can see the decreasing voltage across the
switches immediately before turn-on.
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Figure 22. Boundary mode, up to down: voltage across switch S1 (blue), voltage across switch S2 (turquoise),
current through L1 (violet), current through L2 (green)

8. CONCLUSION
The floating double boost converter has some interesting features:

- Voltage transformation ratio (1+d)/(1-d),

- The processed power is parted into two converters, so the losses and the produced heat are better
distributed,

- It can be easily combined with an additional two switch-diode pre-stage to avoid the inrush and
which can be used as a fuse,

- Both converters should be controlled by the same duty cycle, the system to be controlled can so
be simplified to a second order system,

- Theripple of the input is reduced compared to a single Boost converter.

- A small modification of the position of the bulk capacitors also avoids the inrush current.

- Replacing the diodes by active switches can reduce the conduction losses.

The converter is useful for solar and fuel-cell applications.
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