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ABSTRACT

A new high-power step-up based on the two-module parallel-input/series-output (P1SO) modular dual inductor-fed push-

pull converter is proposed. The proposed converter is operated at a constant duty cycle and employs an auxiliary circuit to

control the output voltage with a phase-shift between two modules. It shows a high efficiency due to the greatly reduced

switch turn-off stress. It also shows a high and linear voltage conversion ratio, low current stress in the output capacitor,

and fast control-to-output dynamics. The operation principles and the mathematical models of the proposed converter are

presented. Features of the proposed converter are discussed in comparison with the two-module PISO modular dual

inductor-fed push-pull converter. Also, experimental results from a 50kHz, 800W, 350V de prototype with an input voltage

range of 20 — 32Vdc are provided to confirm the validity of the proposed converter. The new converter compares favorably

with the conventional counterpart, and is considered well suited to high-power step-up applications.

Key Words : high-power step-up converter, high efficiency, fast dynamics

1. Introduction

The step-up power conversion technique finds
increasing necessities and power capability demands in
applications such as electric vehicles, uninterrupted power
supplies (UPS), servo-drive systems, and photovoltaic
systems, The fuel cell power system 14 which is recently
gaining a lot of attention as a new alternative power source,
also makes a good application of a step-up converter since
the voltage generated by each cell is relatively low about
0.75V. However, the high input current of the step-up
converter makes it difficult to develop a high-performance
converter in view of step-up ratio, power capability,

efficiency, and dynamic response. The high input current
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is a problem especially in high-power and high-output
voltage applications since it causes a serious degradation
in the power conversion efficiency and step-up ratio, or
sometimes results in a unfeasibly high switch current stress.
Among various remedies for this problem, the parallel-
input/series-output (PISO) modularisation”®! approach has
many desirable features for high-power step-up
applications. Moreover, the dual inductor-fed push-pull
converter, or in short, the dual converter [43] appears to be
a good candidate for a base module of the PISO modular
step-up converter. However, the output voltage sensitivity
is high in the PISO modular step-up converter, and the
switch turn-off voltage stress which results in considerably
large losses in switching devices is overlooked. In the
mean time, compared to a step-down converter with a
second order LC filter, a step-up converter generally
requires a larger output capacitance to effectively remove

the switching ripples. This, however, results in a decrease
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in the control-to-output bandwidth 1 Therefore, the step-
up converter with a large-valued output capacitor for a low
output voltage ripple is short of an ability to respond
quickly to disturbances. Furthermore, the right hal{-plane
(RHP) zero Ulin the control-to-output transfer function of
a step-up converter is another problem limiting the closed-
loop dynamic performance )

In this paper, a new phase-shifted PISO dual inductor-
tfed push-pull converter based on the conventional two-
module PISO modular dual

converter is proposcd. The new converter features a high

inductor-fed  push-pull

step-up ratio, small root-mean-square (RMS) current in the
output capacitor, and a greatly reduced switch turn-off
stress so that the converter efficiency can be significantly
improved. [t also shows a lincar voltage conversion
characteristic to changes in the control input and a fast
control-to-output transient responsc under low influence of
the RHP zero.

The steady-state operation of the proposed converter is
analyzed and the mathematical models are presented.
Featurcs of the proposed converter are discussed through a
comparative analysis with the conventional two-module
PISO dual inductor-fed push-pull converter. Also,
experimental results from a 50kHz, 800W, 350Vdc
prototype with an input voltage range of 20 — 32Vdc are
presented to validate the proposed converter.

2. Operation Principle

Fig. 1 shows a circuit diagram of the phase-shifted PISO
dual inductor-fed push-pull converter, where a resistive
load R, is assumed. It consists of two identical dual
inductor-fed push-pull converters ™!, which is named
hereafter as dual converter, with a common voltage source
V, and an auxiliary circuit. The auxiliary circuit is
composed of tertiary windings, a full-wave rectifier, and
LC filter components. Both modules are operated with a
constant duty cycle D and a phase-shift ¢ between the
modules. The bottom module denoted by module 2 is
assumed to have a lagging phase. The switching period is
defined as 7,. To simplify the steady-state analysis all the
circuit components are assumed ideal. All the inductors
and the capacitors are assumed large enough to be
approximated by constant current and voltage sources
within one switching cycle.

The turns ratio of the primary and secondary windings is
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Fig. 1. Circuit diagram of proposed converter
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Fig. 2. Sub-topologics of proposed converter

defined as N = N/N,, and that of the primary and tertiary
windings is defined as n = N/N,. The undotted ends of the
tertiary windings are connected together so that the voltage
between the dotted eonds, denoted by vy, becomes
(n/NY(vy, — vya), where vy and vy, are the instantaneous
secondary voltages. The voltage vy is rectified in the
auxiliary circuit, and the LC filter produces an averaged dc
voltage V,,. By imposing the constant volt-second
relationship on the boost inductor L, it is easily shown that

the output voltage of cach module is independent of ¢, and
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is the same as that of a stand-alone dual converter, that is,
Vomt = Vomz = Vou = NV:/(1 — D).

Under steady-state conditions, one switching cycle of
the proposed converter is divided into eight operational
modes according to the switching states. Four modes in a
half of the switching cycle are equivalent to those in
another half of the switching cycle, except that the
switching states of left and right legs are interchanged.
Thus the analysis is concentrated on the first half of the
switching cycle, where one switching cycle is assumed to
begin with conduction of M,.

In the first half of the switching cycle, the proposed
converter takes one of the five sub-topologies shown in
Fig. 2 at each operational mode. The sequences of sub-
toﬁologies for various operating conditions and the
resultant waveforms are shown in Table 1 and Fig. 3,
respectively. Waveforms of other switches and windings
omitted in Fig. 3 can be obtained by shifting or mirroring
their counterparts shown in each figure.

2.1 Operation Principle: D> 0.75

If ¢ = 0, the waveforms of vy and v, completely
overlap with each other. In this case, the voltage v,5 and
the auxiliary output voltage ¥, become zero. The
proposed converter at this condition is equivalent to the
conventional two-module PISO dual converter without the
auxiliary circuit. If ¢ # 0, the rectangular waves of vy and
vpz are out of phase with each other to the amount of @7,
and they cannot be completely cancelled in the auxiliary
circuit. The non-overlapped portions of the waves of vy
and vy, are reflected to the waveform of vy with an
amplitude of (r/N)V,,,. Fig. 3(a) shows typical operating
waveforms of the proposed converter when ¢ is slightly
larger than zero. Four operational modes in the first half of
the switching cycle are analyzed below.

Mode 1 (¢ — ): Module 1 is in a boost phase and
module 2 is in a powering phase. The sub-topology for this
mode is shown in Fig. 2 (a). During this mode, the voltage
across N is 0 and the voltage across N,; is (W/N)V,n,
resulting in v = ~(n/N)V,,,. The tertiary windings N,, and
N, carry a current iy, = —{;,, where /;, denotes the current
flowing in the LC filter inductor L,. In module 2, the
primary current is divided into the secondary current and
the tertiary current iz,. On the other hand, in module 1, the
current iy, is reflected to the primary side and circulates
through M, and M,.

Table 1 Sequence of sub-topologies in the first half switching

cycle
D 6 sub-topological
sequence
D>0.75 0< ¢ <1-D 152-53-4
D>0.75 1-D< ¢ <D-05 22515253
D>075 | D-05< ¢ <05 2515553
D <0.75 0< ¢ <D-05 1525354
D<075| D-05< ¢ <1-D 155534
D <0.75 I-D< ¢ <05 251955-53
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Fig. 3. Waveforms of proposed converter for various operating
conditions

The switch M, therefore carries a current iy = I, + ni,.
This mode continues for ¢7; until the switch M; is turned
on and module 2 enters a boost phase at ¢ = ¢,.

Mode 2 (¢,— t,): All the switches are turned on and both
modules are in boost phases. The transformer primaries
are short-circuited by the switches, while the secondaries
are open-circuited by the rectifier diodes. Due to the short-
circuited primaries, the voltages v, and vy, become zero,
therefore making v, also zero. The current /;, forces all
the rectifier diodes in the auxiliary circuit to turn on and
freewheels through them while being cqually divided in
both diode legs. The sub-topology for this mode is shown
in Fig. 2 (b). The duration of this mode is (D — 0.5 - §)T..
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Mode 3 (t,— £3): This mode is similar to mode | except
that the roles of module | and 2 are interchanged as shown
in Fig. 2 (¢). The output voltage of module 1 is reflected to
Ny, and the voltage v, becomes —(n/N)V,,, again. The
primary current 7, of module | is divided into the
secondary current i, = —(/, — #l; )N and the tertiary
current i = —I;,, as shown in Fig. 3 (a). The current iy,
reflected to the primary side of module 2 circulates
through M, and M,. This mode continues for ¢7, until the
switch M, is turned off and module 2 enters a powering
phase at 7 = f;.

Mode 4 (t;— t4): As shown in Fig. 2 (d), the switches M),
and M, arc turned on, and M, and M, are turned off,
making both modules be in powering phases. Both of the
transformers have voltages of the same polarity. The
voltages reflected to N,; and N> arc exactly cancelled so
that the voltage v,; becomes zero. As in mode 2, all the
rectifier diodes in the auxiliary circuit are turned on and
carry the freewheeling current of /;,. This completes one
halt of the switching cycle and another half begins with
conduction of the switch M>. The duration of this mode is
(1-D- 7T,

By imposing the constant volt-second relationship on
the LC filter inductor L, for the first half of the switching
cycle described above, the steady-state output voltage of
the auxiliary circuit is obtained as

n
V.=4—V.9

i

(1

Equation (1) can also be obtained by geometrically
averaging the area of the waveform of vz shown in Fig, 3
(a).

If1 - D <¢<D - 0.5, the rectangular wave of vy,
entirely deviates from the equally signed wave of vy,
Therefore, those waveforms of vy and vp» cannot be
cancelled any more. Instead, all the waves of vy and vpy
are individually reflected to the auxiliary circuit side, as
shown in Fig. 3 (b). As ¢ is increased, the rectangular
wave of vy approaches the oppositely signed wave of vy
without affecting /..

If ¢ = D - 0.5, the rectangular wave of vy meets the
oppositely signed wave of vy on the time axis, while the

equally signed waves of v,; come together to match each

other. If ¢ is further increased. overlapped portions of the
oppositely signed waves of v, and vy begin to appear,
resulting in a stepwise waveform of v as shown in Fig. 3
(c). Although the waveshape of v; is modified as ¢ is
increased, the total area of the waveform of v, which is
equivalent to V. still remains independent of ¢. The sub-
topology for this instance is shown in Fig. 2 (e). During
this stage, both modules arc in powering phases with
opposite polarities in the transformers. The voltages on N,
and N,, also have opposite signs, and the auxiliary circuit
delivers power to the output with vz = -2(n/N)V,,,.

3. Modeling of proposed converter

The state-space averaging method

is employed to
model the proposed converter. It is assumed that all the
elements except for the switching devices are ideal, and
currents and voltages are uniformly distributed under a
balanced condition.

Since all the boost inductor currents as well as the
output voltages of both modules have no differences in an
averaged sense. they can be treated with one state variable.
Thus the state variables are defined by i, v,,. i;.. and v,,..
Referring to the sub-topologies shown in Fig. 2 with
considerations on R, the large-signal model of the

proposed converter is obtained as follows:

oV 3-2D)i
i :—’-—"i(]—D)—(—— ._)_If R

g (2)
i l‘ /VI[‘ ,

2 2n 2y v

o . (l _ D) -~ 0 foo e 5
N C N C,/ R” CH R”C”

: dny v R,meil\ _

Y LT (4)
NL, L L

. i, v v

T TRe 5)

where 0 < ¢ <1 - Dand ¢ =min{¢, D - 0.5}. Although
the steady-state analysis of the proposed converter has
shown that the sequence of the sub-topologies varies
depending on operating conditions, the model is found to

be independent of the conditions. Substituting all the
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derivative terms on the left hand sides of (2) ~ (5) with
zeros yields steady-state solutions of the proposed

converter as

(3—2D)( /\,/,,+ 2f¢ ) Rd»;

I-D R
Vo =1+ R - (6)
=D 1+8n° "% ¢
R(I
1—4nN
4n¢ R
V =—V ——— (7)
N : R, —
1+87° “ ¢
Rtl
2V 4V
o= (8)
: R
1 N+2n¢
ALy ©)
2 1-D

The small-signal model of the proposed converter is
obtained by linearizing the equations of the large-signal
model given by (2) ~ (5) as follows:

i 1

v
aNE +BH .
i i, [

<> .
<>

>

<
R

where
[ (3-2D)R, 1-D ]
- o 0 0
L NL
2(1-D) 2 2n¢ I
NC, RC NC, RC,
A= L ,
0 4n¢ 8n'R ¢
NL, L L
2 I !
0 - —— e —e——
| RC C RC.

and
[ 1 ]
— 0
L
2nl,
0 _ «
B= NC,
4” l/vm 8’11 R(I\ [I|
NL, L

where o= 0 when ¢ > D — 0.5 and =1 when ¢ <D — 0.5
The input vector consists of the small-signal input voltage
and phase-shift. By defining an appropriate output
equation, (11) can be solved to obtain a transfer function
from any variable in the input vector to an output of
interest. Note that all the mathematical expressions of the
those of the

converter by

reduced to
PISO dual

removing all dependencies on iy, v,,, and ¢.

proposed converter are

conventional  two-module

4. Feature and comparative analysis

4.1 Voltage conversion characteristic

A duty cycle controlled step-up converter is generally
considered to have an asymptotic voltage conversion
characteristic, while a step-down converter has a linear one.
The rapidly changing output voltage of the step-up
converter makes a design of the feedback loop critical.
Since the auxiliary circuit behaves like a step-down
converter, the proposed converter shows a voltage
conversion ratio which is linear to ¢. The step-up ratio of
the proposed converter, including Ry, can be obtained
from (6), (7) and the relationship V, = V,, + 2V,,, as (11)
shown below. The step-up ratio of the conventional PISO
dual converter can be obtained by replacing ¢ in (11) with
zero as follows:

V2N N Y| e T
_L:_[H{G—ZD)(——) }-—] (12)
vV 1-D 1-D )| R,

V. 2Ntang [1 +{8n3$+(3~20)(
v D

N +2n )Z}R, }
1-D R,
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The step-up ratios of the proposed converter for

different ¢’s arc shown in Fig. 4. The transformer is

designed as N =1.7 and n = 2, and R, is assumed 0.0015R,,.

The bottom curve with upright triangles represents the
step-up ratio of the proposed converter when ¢ = 0. This
coincides with that of the conventional PISO dual
converter given by (12). The other four curves show that,
at the same duty cycle, the proposed converter gives a
higher step-up ratio than the conventional PISO dual
converter. To attain the same step-up ratio, the
conventional PISO dual converter should be operated at a
larger duty cycle than the proposed converter.

4.2 Device stress

Table 2 shows scveral important design equations of

both converters. In the equations of the proposed converter,

the phase-shift ¢ is assumed to have a value between 0 and
1 — D. By matching the ampere-second balance of the
output capacitor, the steady-state relation between /, and /;

is obtained as follows:

N+2
, N 03

2(1-0)

which is similar to the relation between V,, and V.. Each
cquation of the RMS current can be normalized with
respect to cither /, or [, using (13). 1t is noted that the

equations of the proposed converter are reduced to those

Table 2. Design equations of two converters

of the conventional PISO dual converter by replacing ¢
with zero.

The cquations in Table 2 arc graphically shown in Fig. 5
as a function of step-up ratio, where all the RMS currents
are normalized with respect to the load current /,. The
dashed line in each graph represents the stress in the
conventional PISO dual converter obtained by varying D
from 0.7 to 0.82. On the other hand, the solid line
represents the stress in the proposed converter obtained by
varying ¢ from 0 to 03 at D = 0.7. The transformer
parameters are N = 1.7 and n = 2 as previously designed
and the input voltage 1s V; = 24Vdc.

Since the proposed converter is operated at a smaller
duty cycle than the conventional PISO dual converter, it
shows a somewhat larger switch RMS current than the
conventional PISO dual converter. However, the switch
turn-oft  voltage V, of the proposed converter is
maintained constant and lower than that of the
conventional PISO dual converter. It should be noted that
a switching device with a lower voltage rating generally
shows a lower conduction loss. The low switch turn-off
voltage of the proposed converter thercfore reduces not
only the switching loss but also the conduction loss by
using a switching device with a smaller R,. It is shown in
Fig. 5 (a) and (b) that the proposed converter shows a
maximum 40% lower switch turn-off voltage than the
conventional PISO dual converter at the expense of only
10% increase in the switch RMS current. Since the
conventional PISO dual converter shows a maximum ¥

Proposed converter

Conventional PISO dual converter

Switch RMS
current, £y, rass

\/2(nl

+(3-2D)1;

(3-2D)

Switch turn-off
voltage, Vy,

Y 3-2n) N+2”¢ L+8n* e g
-D ) R

a ! 1
] ﬁ] L[HN (3-2D) R, }
R, I-D

Qutput
capacitor RMS
current, {, gass

J(ZD‘I 2 +2¢[ N' -1 )+2(|~1) ¢)(W—1 )2

'R,
20-W)12+2(1-D)| L1
Jeo-a ofy 1]

Primary RMS
current, £, gasy

J2 2(n ,,) o +2( 1--1))/;

(1-Dy
1,\2(1-D)

Secondary RMS
current, £, pass

%\/M(I/ ~nlY +2(1-D—9)1;

e

Tertiary RMS
current, Ir gas

2(¢+0)

NON

* Fach expression can be normalized with £, or [; using (14).
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currents are normalized with /,): (a) Switch RMS current, (b)
Switch turn-off voltage, (c) Capacitor RMS current, (d) Primary
RMS current, (e) Secondary RMS current, (f) Tertiary RMS
current

Theoretical device stress in both converters (RMS

of 135V, IRFP250 with the voltage rating BV, of 200V
and R, of 0.085Q2 would be a good choice provided that a
properly designed snubber circuit is employed. On the
other hand, the proposed converter shows a constant ¥, of
80V over the entire operation range, so that IRFP150 with
BV, of 100V and R, of 0.055Q can be used to improve
the efficiency.

Fig. 5 (c) shows that the output capacitor RMS current
is small in the proposed converter. This advantage
facilitates the selection of the high voltage output capacitor
of the proposed converter. Fig. 5 (d), (e), and (f) show the
RMS currents in the transformer windings of both
converters. The secondary current is somewhat larger in
the conventional PISO dual converter, while the primary
RMS current is somewhat larger in the proposed converter.

4.3 Control-to-output dynamics

The trade-off between the fast transient response and
the low output voltage ripple in determining the value of
the output capacitor is significantly relieved in the
proposed converter. This is because both modules are
operated at a constant duty cycle and the auxiliary circuit
regulates the overall output voltage. If the auxiliary circuit
has a fast response speed dominating the overall converter
dynamics, the transient response of the proposed converter
can be greatly improved.
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Fig. 7. Bode plots of control-to-output transfer functions of both
converters

To investigate the control-to-output dynamics of both
converters, the large-signal model simulations are made
with the converter parameters given in the previous section,
The operating condition of the proposed converter is D =
0.7. Relevant control inputs are applied to alternate the
output voltages between 320Vdc and 350Vdc. Fig. 6 (a)
shows the output voltage waveforms of the proposed
converter obtained by alternating ¢ between 0.1 and 0.15.
The corresponding waveforms of the conventional PISO
dual converter are shown in Fig. 6 (b), where the duty
cycle D is alternating between 0.76 and 0.78 to achieve the
same output voltage swings. Due to the fast dynamics of
the auxiliary circuit, the proposed converter shows a faster
transient response than the conventional PISO dual
converter.

Fig. 7 shows the Bode plots of the control-to-output
transfer functions of both converters. The wide bandwidth
of the proposed converter agrees with its fast response
shown in Fig. 6 (a). The low frequency gain of the

conventional PISO dual converter i1s 8.85dB, or 2.77 times
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as large as that of the proposed converter. This verifies
that the voltage conversion characteristic of the proposed
converter is less sensitive to changes in the control input
than that of the conventional PISO dual converter.

Another interesting feature common to most of step-up
converters is the RHP zero in the small-signal control-to-
output transfer function. Several techniques dedicated to
eliminating the RHP zero in a step-up converter have been
proposed. The suggestions are made that the converter
parameters be properly designed to minimize the influence
of the RHP zero by shifting this zero toward the positive
infinity ©'"!. The RHP zero of the proposed converter is
found to be located at 2.1 x 10° when D = 0.7 and ¢ = 0.15,
whereas the conventional PISO dual converter has this
zero at 1.3 x 10* when D = 0.78. Since the RHP zero of
the proposed converter is located over 150 times farther
from the origin, this converter is much less affected by the
unwanted RHP zero than the conventional PISO dual
converter.

5. Experimental Results

A 50kHz, 800W, 350Vdc prototype with an input

voltage range of 20 — 32Vdc has been constructed with
circuit parameters shown in Table 3.
The rated input is 24Vdc and the rated operating
conditions are D = 0.7 and ¢ = 0.15. The conventional
PISO dual converter is realized with the same components
to those of the proposed converter except that the
switching devices are IRFP250 due to the higher switch
turn-off stress. The rated operating condition of the
conventional PISO dual converter 1s D = 0.78.

Table 3. Circuit parameters of proposed converter

Switching frequency () 50 (kHz)
Switching devices (M, M>, M;, and My) | IRFP150
Boost inductor (L) 180 (UH)
Dual converter output capacitor {C,) 600 (pF)
Auxiliary circuit inductor (L,) 140 (uH)
Auxiliary circuit capacitor (C,) 100 (UF)
Turn ratio of secondary : primary (V) 1.7

Turn ratio of tertiary : primary (n) 2
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Fig. 8. Experimental operating waveforms of proposed converter
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Fig. 9. Experimentally measured RMS currents in both

converters

Fig. 8 (a) shows the measured operating waveforms of
the proposed converter at the rated condition, where RCD
snubbers are employed to protect the switches from high
voltage surges. The waveforms clearly verify the
theoretical waveforms shown in Fig. 3 (a). Fig. 8 (b)
shows another results for ¢ = 0.4 with a reduced input
voltage. In this case, the phase-shift is so large that the
overlap of oppositely signed waves of vy and vy takes
place. These waveforms correspond to Fig. 3 (¢).

The RMS currents of both the proposed converter and
the conventional PISO dual converter are measured at
their rated conditions. Fig. 9 shows the results in
comparison with their theoretically predicted values. The

measurements well agree with the theoretical predictions.



86 Journal of Power Electronics, Vol. 1, No. 2, October 2001

50V/div. x 5ms/div.
(a) Proposcd converter
D=07¢9=0.1¢0.15

(b) Conventional PISO
dual converter
D=0.76<0.78

Fig. 10. Experimental waveforms of control-to-output transient
responses of both converters
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Fig. 11. Experimentally measured cfficiencies of both converters

The control-to-output transient responses of both
converters are shown in Fig. 10. The phase-shift of the
proposed converter is changed between 0.1 and 0.15 to
alternate the output voltage between 320Vdce and 350Vdc.
The duty cycle of the conventional PISO dual converter is
changed between 0.76 and 0.78 to achieve the same output
voltage swing. The experimental waveforms confirm the
results shown in Fig. 6 and also verify the validity of the
large-signal model.

Fig. 11
converters. The solid line shows the efficiency of the
proposed converter with IRFP150 and the dashed line
shows the efficiency of the conventional PISO dual
converter with IRFP250. The dotted line shows another
result obtained from the proposed converter with IRFP250.
As IRFP150 has a smaller turn-on resistance than IFRP250,
the proposed converter, of course, shows a higher

shows the measured efficiencies of both

efficiency. Furthermore, the proposed converter still shows
a higher efficiency than the conventional PISO dual
converter although both converters make use of the same

switching devices. This is because the low switch turn-off
voltage of the proposed converter results in a low
switching loss developed during switching transients.

6. Conclusion

A new phase-shifted parallel-input/series-output dual
converter based on a conventional two-module PISO
modular dual inductor-fed push-pull converter is proposed.
Both modules are operated at a constant duty cycle and the
output voltage is controlled with a phase-shift between two
modules. The operation principles are analyzed and the
mathematical models are presented. Features of this
converter are discussed in comparison with the
conventional two-module PISO dual inductor-fed push-
pull converter. Also, experimental results from a 50kHz,
800W, 350Vdc prototype with an input voltage range of
20 — 32Vdc are presented to validate the proposed
converter. This converter compares favorably with the
conventional counterpart in many aspects as described
below.

The proposed converter shows a high step-up ratio with
a greatly reduced switch turn-off stress, so that it is
possible to use a switching device with a low conduction
loss. The low switch turn-off voltage also reduces the
switching loss developed during switching transients.
These compromise the slightly increased switch RMS
current and result in a significant improvement in the
power conversion efficiency.

The proposed converter also shows a small RMS
current in the output capacitor, facilitating the selection of
the high-voltage output capacitor. Due to the voltage
conversion characteristic which is linear to control input
variations and the fast control-to-output dynamics with a
reduced influence of the RHP zero, the proposed converter
can be easily stabilized without a loss in the closed-loop
dynamic performance. Therefore, the proposed converter
suited to high-power

is considered well step-up

applications.
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