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Abstract—A dc–dc boost composite converter architecture is in-
troduced that can lead to optimized efficiency over a range of
operating points dictated by the application requirements. The
composite converter system employs dissimilar modules to mini-
mize the ac power losses in the indirect power conversion paths.
It is composed of three converter modules: buck converter, boost
converter, and a dual active bridge converter that operates as a dc
transformer (DCX). Each module processes partial power, with re-
duced voltage rating. With the same semiconductor area and same
magnetics volume, substantial efficiency improvements and reduc-
tions in capacitor size are achieved relative to a conventional boost
architecture. It is possible to design each module to optimize effi-
ciency over a wide operating range, including pass-through modes
that exhibit very low loss. A 10-kW boost composite converter is
experimentally demonstrated having 98.7% efficiency at a critical
partial power point, with similar very high efficiencies achieved
over a wide operating range.

Index Terms—Boost converter, composite converter, dc–dc
converter, high efficiency, modular systems.

I. INTRODUCTION

TODAY many power electronic applications require effi-
ciency optimization at certain critical operating points,

instead of optimizing efficiency at full power. For example,
power converters for solar power systems are characterized by
a weighted efficiency that accounts for efficiency not only at
rated power but also at lower powers corresponding to less
than full irradiance [1], [2]. Power converters for electric ve-
hicle applications must operate over driving profiles having a
wide variety of speeds and accelerations, corresponding to a
variety of converter output voltages and powers; improvement
of efficiency at all of these operating points is needed to im-
prove the miles-per-gallon-equivalent in standard driving cycle
tests [3]. Power converters for grid interface of variable-speed
wind turbines must also operate efficiently with a wide range of
voltages and output powers, corresponding to a range of wind
speeds. In the literature, various methods have been proposed to
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improve dc–dc converter efficiency [4]–[9]. However, very few
of these emphasize optimization of efficiency at specific critical
operating points or ranges.

In voltage step-up applications, it is well known that the per-
formance of the traditional boost dc–dc converter is poor when
operating with high boost conversion ratios. At high duty cycles,
the boost converter exhibits poor efficiency, high capacitor rms
current, and large semiconductor voltage and current stress.

In this study, a new composite boost dc–dc architecture is
introduced, in which dissimilar converter modules are com-
bined into a system having performance superior to that of the
individual modules. This approach enables optimization of ef-
ficiency at specified critical operating points, as well as sub-
stantial improvement of efficiency over a wide operating range.
Voltage stresses are shared between series-connected modules,
enabling use of lower-voltage semiconductors having higher
switching speed and lower forward voltage drop. The compos-
ite converter system architecture transmits the required indirect
power with efficiency that is optimized over a wide range of
operating points. Each of these modules can operate either with
normal PWM or in pass-through or shut-down mode. The new
composite architecture allows new degrees of freedom in power
component optimization and in control strategy to achieve sub-
stantially higher efficiencies at key operating points and over
a wide operating range. Additionally, the proposed composite
architecture also has the potential to reduce total capacitor vol-
ume.

The organization of this paper is as follows. In Section II,
the step-up composite converter architecture is proposed, and
its operating details are discussed. In Section III, an exam-
ple 10-kW composite converter is designed and its optimiza-
tion is discussed. Performances of the composite converter and
conventional boost converter are compared in Section IV. Per-
formance of an experimental prototype composite converter is
documented in Section V. Conclusions are summarized in
Section VI.

II. NEW BOOST COMPOSITE CONVERTER ARCHITECTURE

It is well known that the efficiency of the conventional boost
converter is high when conversion ratio M = Vout/Vin is close
to one [10]. As duty cycle increases, conversion ratio increases
and efficiency drops. Typically, ac loss mechanisms such as
switching loss, inductor core loss, and winding proximity loss,
are greater than the dc conduction losses and hence the ac loss
mechanisms dominate the total loss.

Fig. 1 illustrates a conventional boost converter and an aver-
aged switch model [10] of the dc and low-frequency waveform
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(a)

(b)

Fig. 1. Conventional boost converter. (a) Schematic. (b) Averaged switch
model.

components for an ideal lossless converter. In this model, the ef-
fective dc transformer represents the indirect power flow within
the converter. This indirect power is the power that is converted
from dc to ac (switching frequency) power by transistor Q1 .
This indirect power then rectified by synchronous rectifier Q2
and hence converted back to dc. The switching-frequency com-
ponents of the waveforms are excluded from the averaged model
of Fig. 1(b); rather, this model simply illustrates the effective
consumption of dc power by Q1 and effective generation of dc
power by Q2 . The angle brackets denote averaging over one
switching period to extract the dc or low-frequency component.
By solution of the averaged switch model, we find that this
indirect power is equal to

Pindirect = 〈 vQ1 〉〈 iQ1 〉 = DVinIin . (1)

Indirect power is the mechanism by which boost converters
achieve voltage gain, and also by which buck converters achieve
current gain. Thus, indirect power flow is a key underlying
feature of any high-efficiency power converter [11].

The dc power produced by the synchronous rectifier is

− 〈 vQ2 〉〈 iQ2 〉 = ηacPindirect (2)

where ηac is the efficiency of the indirect power path, account-
ing for switching loss, ac magnetics loss, and other losses en-
countered by the indirect power transmitted at the switching

Fig. 2. Composite converter system design.

frequency. The averaged switch model of Fig. 1(b) neglects
these losses and assumes that ηac = 1. Dc losses such as semi-
conductor conduction losses and inductor dc resistance losses
are also neglected in this figure.

The aforementioned discussion suggests that, to improve the
efficiency of a boost converter operating with a high conver-
sion ratio, the indirect power should be the minimum required
to achieve the desired voltage gain at the given output power.
Additionally, the path of the indirect power flow should be op-
timized to minimize ac losses (maximization of ηac ) as well as
minimization of component stresses. These guiding principles
provide the insight needed to develop an improved composite
converter architecture using nonuniform modules. Modular sys-
tem architectures that do not directly address the path of indirect
power flow required by the application, and then tailor the mod-
ular architecture accordingly, can be expected to exhibit reduced
efficiency and increased component stress.

With the concept of composite converter design, it is possible
to limit the conversion ratio of each module to a smaller range,
and therefore improve the system efficiency. One approach is
shown in Fig. 2. A dc transformer (DCX) module is optimized
to produce an isolated dc output voltage with a fixed voltage
ratio NDCX at very high efficiency [12]. This module generates
the majority of the voltage gain of the boost system, and it per-
forms most of the indirect power conversion of the system with
an efficiency greater than that of a conventional boost converter.
One possible realization of the DCX is the circuit illustrated in
Fig. 3. With bidirectional power flow, this circuit is known as
the dual active bridge [13], and can be designed for control of its
output voltage. If the secondary-side switches are passive diodes
or synchronous rectifiers without active control, then this circuit
is a simple DCX; the converter can then be optimized to achieve
very high efficiency and soft switching at points neighboring
the current where the transformer currents are trapezoidal [14]–
[16]. If we denote the boost module conversion ratio as Mboost ,
the system conversion ratio is M = NDCX + Mboost . There-
fore, to achieve same system conversion ratio, the boost module
conversion ratio is much reduced, and the system efficiency can
be improved.

However, since Mboost ≥ 1, then when a system conversion
ratio M less than NDCX + 1 is required, the DCX module must
be shut down, and the boost module alone produces the de-
sired output voltage. Because the DCX output voltage is not



CHEN et al.: 98.7% EFFICIENT COMPOSITE CONVERTER ARCHITECTURE WITH APPLICATION-TAILORED EFFICIENCY CHARACTERISTIC 103

Fig. 3. Power stage of the dc transformer (DCX) module.

Fig. 4. Proposed composite converter system level architecture.

Fig. 5. Circuit diagram of power stage of the boost and buck modules.

controlled, this transition can be abrupt, and could lead to con-
trol difficulties. One way to mitigate this problem is to control
the DCX output voltage. Another buck converter module is
added before the DCX module, leading to the proposed com-
posite converter architecture shown in Fig. 4. The buck converter
module can adjust the DCX input voltage to enable smooth tran-
sitions between the modes. In particular, before turning DCX
on or off, the DCX input voltage can be reduced to zero by
the buck module. With smooth mode transitions, the composite
converter is able to realize all conversion and control functions
of a conventional boost converter.

In this discussion, we consider applications having bidirec-
tional power flow, and hence the buck and boost modules share
the same circuit topology illustrated in Fig. 5. An additional
important benefit of adding the buck module is that the output
voltage stress can be evenly shared between DCX and boost
modules through variation of the buck conversion ratio, and
therefore the transistor voltage stresses can be controlled to be
half of the maximum output voltage. With the buck module, the
DCX voltage stress can be controlled under all operating con-
ditions, including light loads where DCX enters discontinuous-
conduction-mode and its voltage conversion ratio increases. If
we denote the conversion ratios of the buck and boost modules

Fig. 6. Composite converter operation with both buck and boost module at
pass-through.

as Mbuck and Mboost , respectively, then the system conversion
ratio is M = MbuckNDCX + Mboost .

It is not necessary to switch all three modules at the same
time. The buck and boost modules have highest efficiency in
the pass-through mode (Mbuck = 1 or Mboost = 1), where ac
losses are zero and only conduction loss remains. This specific
operating mode is illustrated as in Fig. 6; only the DCX operates
(with optimized soft switching) and hence system efficiency
is very high at this point. With pulse-width modulation of a
buck or boost module at a duty cycle D near the pass-through
value, the adjacent operating regions are expected to achieve
high efficiency as well. For example, it is possible to operate
the boost module in the pass-through mode when M < 1 +
NDCX , and the buck module in the pass-through mode when
M > 1 + NDCX . Furthermore, if the output voltage is lower
than the boost module voltage rating, it is also possible to shut
down both the buck and the DCX modules, and operate the
boost module alone. Finally, if the input voltage is large, even
when M > 1 + NDCX , it may still be necessary to operate buck
module to limit the DCX output voltage within its voltage rating.

With this composite converter approach, both the power rat-
ing and the voltage rating of each module is reduced. Therefore,
lower voltage devices, with reduced on-resistance as well as
faster switching speed, can be used. Reactors can also be opti-
mized with reduced power ratings and reduced applied voltages.
It is also possible to design and optimize each module indepen-
dently, according to their respective operating ranges. Although
the system requires a larger number of power elements such as
transistors, capacitors, etc., the sizes of these elements are re-
duced. The total power silicon area can be comparable to that of
the conventional boost converter, but higher average efficiency
is achieved.
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With this architecture the number of capacitors is increased
compared to the conventional boost converter. However, the
voltage ratings and rms current ratings of the capacitors are
substantially reduced, leading to a net reduction in capacitor
size and cost. With the use of lower voltage semiconductors, the
switching frequency of each module can be increased, which
will reduce the required capacitance and inductance as well.

Several earlier approaches proposed in the literature can also
achieve reduced device voltage ratings, through sharing of volt-
age stresses. For example, the multilevel converter [5], [17]
can also reduce the device voltages, and hence utilize lower
voltage devices. However, since the switch and capacitor rms
current ratings are not reduced, the multilevel approach does
not achieve the improvements in capacitor size and cost or in
overall system efficiency that is possible using the proposed
composite architecture. The modular converter system with
input-parallel output-series configuration [18]–[20] is another
popular approach to reduce device voltage stresses. However,
since this approach does not address the indirect power flow and
system ac power loss constraints, it is unable to achieve the high
efficiencies over wide operating ranges as demonstrated here for
the composite architecture.

III. DESIGN OPTIMIZATION

In many applications, although the system is designed to be
able to handle worst case operating conditions such as maxi-
mum output power, maximum output voltage, etc., the system
rarely operates at these points. For example, in solar power ap-
plications the peak insolation level may occur only for a short
period, and most of the time the dc–dc converter operates at
partial power. For traction motor drive applications, full power
acceleration does not happen very frequently. Depending on the
vehicle driving profile, the most frequent operating condition is
at some intermediate power and voltage level. Therefore, it is
desired to choose the composite converter system architecture
so that it not only can handle the worst-case operating points,
but also so that average loss is minimized under typical operat-
ing conditions. The composite boost architectures of Section II
provide additional degrees of freedom that can be optimized to
meet these goals.

We consider here an example in which the converter is re-
quired to process up to 10-kW output power. The input voltage
is allowed to vary between 150 and 300 V. The boost ratio is
between 1 and 3.8, while the maximum output voltage is limited
to 800 V. However, most of the time, the converter is operated
at neither maximum power nor maximum voltage.

It is desired to reduce the DCX and boost module voltage
rating to 400 V, so that 600-V semiconductor devices can be
utilized, according to the derating rule of our specified appli-
cation. Therefore, at Vout = 800 V, the output voltages of both
the DCX and boost modules must be exactly 400 V, regardless
of input voltage.

Since the system conversion ratio M ≤ 3.8, at Vout = 800 V,
Vin ≥ 211 V. The DCX output voltage is limited to VDCX ,out =
VinMbuckNDCX = 400 V. Since Mbuck ≤ 1, this implies that
NDCX ≥ 400/211 = 1.9.

Fig. 7. Composite converter operating modes.

TABLE I
MODULE SPECIFICATION SUMMARY

DCX Max. Input Voltage [V] 211
Max. Output Voltage [V] 400
Max. Output Current [A] 25
Max. Input Current [A] 47.5

Boost Max. Input Voltage [V] 300
Max. Output Voltage [V] 400
Max. Conversion Ratio 2.7
Max. Input Current [A] 67

Buck Max. Input Voltage [V] 300
Max. Output Voltage [V] 211
Min. Conversion Ratio 0.18

Max. Output Current [A] 47.5

It is desired to maximize the boost plus DCX operating area to
achieve lower DCX primary side transformer current and lower
inductor current. Since the lowest conversion ratio the boost plus
DCX mode can achieve is M = NDCX + 1, maximizing boost
plus DCX operating area requires minimization of NDCX . At
the same time, minimizing NDCX also minimizes the operating
area where the buck and boost modules operate simultaneously.
Hence, switching loss is reduced as well.

Therefore, the minimum value NDCX = 1.9 is chosen. The
operating modes of each converter module over the entire oper-
ating range are summarized in Fig. 7. When the output voltage is
lower than 400 V, the boost module can operate alone, with DCX
and buck modules shut down. When the output voltage is higher
than 400 V, either the buck or the boost module is in the pass-
through mode, depending on whether the system conversion
ratio M is greater or less than 1 + NDCX . If the input voltage is
higher than 211 V, the buck converter will limit the DCX output
to 400 V, and all three modules operate simultaneously.

For NDCX = 1.9, the rated operating conditions of each mod-
ule are listed in Table I. With the module output voltage stress
limited to 400 V, derated 600 V devices can be utilized. In the
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TABLE II
COMPOSITE CONVERTER DESIGN SUMMARY

Buck /
Boost

Number of MOSFETs 4

Estimated total silicon area 265 mm2

Switching frequency 15 kHz
Inductance 120 μH

Inductor peak current 80 A
Inductor winding #44 Litz wire, 1000 strands

Inductor core material metal powder
Inductor core volume 51 cm3

DCX Number of MOSFETs 12
Estimated total silicon area 794 mm2

Switching frequency 33 kHz
Transformer turns ratio 22:42
Transformer winding #44 Litz wire, 1500 strands on

primary, 880 strands on secondary
Transformer core material ferrite
Transformer core volume 72 cm3

experimental prototype, 650-V 43-A superjunction MOSFETs
are used. To meet the worst-case current rating, the buck and
boost modules use two MOSFETs in parallel for each switch.
The DCX module uses two MOSFETs in parallel for each switch
at the primary side, and one MOSFET for each switch at the
secondary side.

The detailed design of each module can now be optimized
numerically, according to specified operating condition distri-
bution. The loss model of each converter module has been well
studied in the literature. For semiconductor loss, the conduction
loss model is extracted from the device data sheet. The empiri-
cal switching loss model is curve fitted according to simulation
models provided by the manufacturer. The core loss model is
curve fitted according to material data sheet, while the reactor
copper loss is calculated using Dowell’s equation [21].

Partial power efficiency can be further optimized by use of
the inductor current ripple to achieve zero-voltage switching at
moderate-to-low currents. The body diodes of the superjunc-
tion MOSFETs exhibit significant reverse-recovery losses [22].
To optimize partial-power efficiency, the boost and the buck
modules can be designed with negative instantaneous transistor
current at the turn-on transitions to achieve zero-voltage switch-
ing at low to moderate power.

Due to the soft-switching behavior, the DCX module exhibits
low switching loss. Therefore, the DCX module is able to oper-
ate at higher switching frequency, and ferrite core materials are
employed for the DCX transformer and tank inductor. The tank
inductor value is chosen to achieve zero-voltage switching of the
MOSFET body diodes [14] and to minimize the transformer rms
current at an intermediate power such that the system efficiency
is optimized.

The resulting composite converter design parameters are sum-
marized for this 10-kW prototype in Table II.

IV. COMPARISON WITH CONVENTIONAL BOOST CONVERTER

A. Switch Rms Current Comparison

To illustrate the benefits of reduction of indirect power
achieved by the proposed composite converter architecture,

TABLE III
SWITCH RMS CURRENT COMPARISON AT 210-V INPUT, 650-V OUTPUT

WITH 5-KW OUTPUT POWER

System input current 23.8 A
System output current 7.7 A

Conventional Low-side switch 19.6 Arms
High-side switch 13.5 Arms

Composite Boost low-side switch 3.7 Arms
Boost high-side switch 8.4 Arms
Buck low-side switch 0 A
Buck high-side switch 14.6 A (dc)
DCX primary switch 14.6 Arms

DCX secondary switch 7.7 Arms

the ideal switch rms currents in the composite converter are
compared with those of a conventional boost converter, at
a typical partial-power operating point, where Vin = 210 V,
Vout = 650 V, at a 5-kW load. The comparison is summarized
in Table III. The inductor current ripple is ignored in this com-
parison. Therefore, the data listed in the table is independent
of the choice of devices, switching frequency, and magnetics
design.

The switch rms current in the boost module of the composite
design is much reduced, relative to the conventional boost con-
verter, while the buck module in pass-through mode only carries
dc current. The DCX module can handle the trapezoidal current
with ZVS at very high efficiency. Therefore, the proposed com-
posite design has the potential to greatly reduce system ac power
loss, and improve system efficiency. An additional benefit of the
composite architecture is the ability to employ devices having
lower voltage ratings and hence faster switching speed and lower
switching loss.

B. Theoretical Efficiency Comparison

To compare the performance of the composite converter with
a conventional approach, a similar 10-kW boost converter is
designed using 1200-V IGBTs. The IGBT total silicon area is
chosen to be the same as that of the composite converter design.
The inductor core size is also chosen to have the same volume as
the total reactor core volume in the composite converter design.
Owing to the high switching loss of the IGBT, the switching
frequency is limited to 10 kHz. The calculated efficiency is
plotted versus input and output voltage at 5 kW, as shown in
Fig. 8(a). It can be seen that the converter efficiency significantly
drops as conversion ratio increases. For a fixed input / output
voltage combination, the converter efficiency improves as output
power increases, and it reaches peak efficiency at full power.
At a typical partial-power operating point where Vin = 210 V,
Vout = 650 V, at a 5 kW load, the efficiency is slightly less than
96%.

The calculated efficiency of proposed composite converter is
plotted in Fig. 8(b), at 5 kW. The efficiency is generally higher
than that of conventional boost converter, and the efficiency does
not degrade significantly as conversion ratio increases. For fixed
input / output voltage combination, the system peak efficiency
occurs at some intermediate power level rather than at full power.
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Fig. 8. Calculated converter efficiency. (a) Calculated conventional boost con-
verter efficiency versus Vin and Vout , at Pout = 5 kW . (b) Calculated compos-
ite converter efficiency versus Vin and Vout , at Pout = 5 kW . (c) Efficiency
versus Pout , at Vin = 210 V and Vout = 650 V for both converters.

At operating point where Vin = 210 V, Vout = 650 V, at a 5 kW
load, the efficiency is approximately 98.5%.

Fig. 8(c) compares the efficiency of the conventional boost
converter and the proposed composite converter versus output
power, with fixed Vin = 210 V and Vout = 650 V. Although for

Fig. 9. Calculated converter module efficiency and total system efficiency as
functions of the input voltage, at Vout = 650 V, Pout = 5 kW .

the composite converter the full power efficiency is only 0.5%
higher than conventional boost converter, the efficiency at partial
power is much higher. In an application in which the power
varies substantially, the superior partial-power characteristic of
the composite converter approach can lead to major reductions
in the average loss.

Fig. 9 shows efficiency of each converter module in different
operation modes as functions of the input voltage, at fixed 650-
V output voltage, 5-kW output power. Since the buck and the
boost module process only partial power with conversion ratios
close to one, their efficiencies are very high.

C. Capacitor Rating Comparison

With reduced module voltage stress, the capacitor voltage
ratings in the composite converter can also be reduced. In com-
parison to the conventional boost converter, the modules of the
composite converter employ higher switching frequencies and
therefore the capacitances can be reduced as well, while main-
taining the same output voltage ripple. Therefore, although the
composite converter employs an increased number of individual
capacitor elements, the total capacitor energy storage rating can
be lower than conventional boost converter.

In a typical boost converter, the output capacitor rms current
rating typically constrains the capacitor size and cost, rather than
the capacitance itself. Since rms capacitor current is independent
of the switching frequency, simply increasing the switching
frequency will not reduce the capacitor size. In pass-through
mode, the buck or boost modules do not apply ac currents to
their capacitors, and operating points near pass-through mode
exhibit low rms capacitor currents. The DCX module exhibits
relatively low capacitor rms currents as well, particularly when
the transformer winding currents are trapezoidal. Hence, the
capacitor rms current requirements are substantially lower than
in the conventional boost converter operating at high duty cycle.

The minimum capacitance required to achieve a worst
case ±5V output voltage ripple is calculated, for both the
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TABLE IV
CAPACITOR RATING FOR CONVENTIONAL AND COMPOSITE CONVERTERS

Voltage
rating [V]

RMS
current

rating [A]

Minimum
capacitance

required
[μF]

Conventional Input 300 6 100
Output 800 57.3 300

Composite Input 300 40 100
Buck output 210 21 300
DCX output 400 5 100
Boost output 400 34 222

TABLE V
TOTAL CAPACITOR ENERGY AND POWER RATING COMPARISON

Total capacitor energy Total capacitor power
storage rating [J] rating [kW]

Conventional 100.5 47.7
Composite 36.2 37.1

conventional boost converter and the proposed composite con-
verter. The rms current rating for each capacitor is calculated as
well, and the results are listed in Table IV, for the specific 10 kW
application. It is assumed that a fixed 100 μF input capacitor is
used for both cases.

The energy storage rating is calculated as 0.5CV 2
rate , while

the power rating is calculated as VratedIrms,rated . The total ca-
pacitor energy storage ratings and power ratings are summarized
in Table V. The composite converter requires both lower energy
and power ratings, which can lead to reduced capacitor cost.

V. EXPERIMENTAL RESULTS

The 10 kW composite converter example described earlier
has been built. Its open-loop operation has been demonstrated
and tested in all operating modes.

Fig. 10 shows the operation in DCX plus boost mode. The
DCX waveforms are shown in the upper half of the figure,
operating at 210-V input and 400-V output. Both the primary
and secondary side devices of the DCX operate with ZVS, as
implied by the smooth transition of switching node voltages.
The secondary side switching node voltage is measured with
a differential probe, with reference to the negative output of
the DCX. The buck and boost module waveforms are shown in
the lower half of the figure. The buck module operates in pass-
through mode, with high-side MOSFET constantly on, and only
dc current flowing through inductor. The boost module operates
with 210-V input and 250-V output, and therefore the total
output voltage is 650 V. At this operating point, the output
power is approximately 5 kW, and the boost module operates in
boundary conduction mode.

Fig. 11 shows operation in DCX plus buck mode. The sys-
tem input voltage is approximately 210 V. The buck module
operates with approximately 50% duty cycle, while the boost
module operates in pass-through mode. The DCX operates at

Fig. 10. Composite converter operation in DCX + boost mode.

Fig. 11. Composite converter operation in DCX + buck mode.

approximately 100-V input and 190-V output. The total system
output voltage is 410 V.

Fig. 12 illustrates operation in DCX plus buck plus boost
mode. The system input voltage is 230 V. The buck module
output is 210 V, while both the boost and DCX module outputs
are 400 V. The total system output is 800 V.

Fig. 13 plots the measured efficiency with different input /
output voltages, at fixed 5 kW output power. The highest ef-
ficiency recorded is 98.7%, at approximately 210-V input and
650-V output. All points with output voltage greater than 500 V
achieve measured efficiency higher than 98%. When the output
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Fig. 12. Composite converter operation in DCX + buck + boost mode.

Fig. 13. Measured composite converter efficiency versus Vm in and Vout , at
Pout = 5 kW .

voltage is slightly above 400 V, and the system operates in DCX
plus buck mode, the efficiency slightly drops to 97.2%, due to
the small buck module conversion ratio. However, when the
output voltage is below 400 V, the system can operate in boost
only mode, and the measured efficiency is higher.

Fig. 14 shows the measured efficiency versus output power at
different input/output voltages and different operating modes.
The measured results are compared with theoretical model used
in design. The measurements show slightly higher efficiency
than theoretical calculation. This is mainly because the actual
semiconductor junction and copper winding temperatures in
the experiment are lower compared to the worst-case values
assumed in the theoretical model. As a result, the actual con-
duction losses are slightly lower compared to the model.

(a)

(b)

(c)

Fig. 14. Measured converter efficiency versus output power. (a) Vin = 210 V.
Converter operates at DCX + boost mode. (b) Vin = 260 V, Vout = 650 V.
Converter operates at DCX + buck mode. (c) Vin = 260 V, Vout = 750 V.
Converter operates at DCX + buck + boost mode.

VI. CONCLUSION

In this paper, a novel dc–dc boost composite converter archi-
tecture is proposed. It consists of one buck module, one boost
module and one DCX module. With this architecture, each mod-
ule operates with reduced power rating as well as reduced volt-
age rating. The efficiency of each module can be improved. This
enables system level optimization and employment of module
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pass-through modes to achieve high efficiency over a wide range
of partial power operating conditions. The system efficiency can
be optimized according to application-specific operating condi-
tion distributions. The proposed composite converter also has
the potential to reduce total capacitor volume and cost.

To verify the claimed high efficiency, a 10-kW composite
converter has been designed and constructed. Its theoretical
performance is compared with conventional boost converter,
with same total semiconductor silicon area as well as same to-
tal reactor core volume. Significant efficiency improvement is
observed in simulation. The open-loop operation is verified in
experiments, with different operating modes, and high efficien-
cies are recorded. With a 3:1 boost ratio, and 50% of rated
power, 98.7% efficiency is achieved.
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