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ABSTRACT This paper proposes a new fully integrated Boost and Buck converter. The topology results
from integrating the Boost as the power factor correction (PFC) stage and the Buck as power control
(PC) stage. Besides this, the paper presents a methodology for designing the PFC stage inductor based on
the inductance ratio between the PFC and PC stage inductances. In this work, the methodology analysis
is carried out to enhance the converter power density using magnetics integration. Magnetic circuits and
finite elements simulations compare the standalone and the integrated magnetics designs. Finally, the
methodology is validated for the proposed fully integrated topology by implementing an 180 W LED
driver prototype, which works properly for the grid voltage range (180-250 Vrms) and ensures full DCM
operation between 10 and 100% of the LED load power. The experimental results show that the proposed
topology fulfills the recommendation IEEE 1789-2015 and the standard IEC 61000-3-2 (Class C) in the
grid range. The peak efficiency is 93.5% at 180 Vrms. The integrated magnetic enables a volume reduction
of 20% compared to the standalone magnetics. The converter component count is significantly reduced
compared to LED drivers found in the literature for street-lighting applications.

KEYWORDS Integrated magnetics, light-emitting diodes, LED drivers, magnetic core.

I. INTRODUCTION
LEDs (Light-emitting diodes) are nowadays recognized as
the most appropriate artificial light source for most appli-
cations, mainly due to their robustness, high CRI (Color
Rendering Index), high luminous efficacy, long lifetime, and
no emission of UV rays [1], [2], [3].

In street-lighting applications, LEDs need a power supply
to adapt the AC mains to the DC LED load, provide high PF
(Power Factor) and low THD (Total Harmonic Distortion),
and produce adequate current and voltage levels for the LED
operation. For these reasons, the two-stage configuration
LED drivers are recommended, the first is the PFC stage,
which is in charge of the energy quality (high PF and low
THD) in addition to keeping the average DC bus voltage
at a regulated value, while the PC stage is responsible for
the control of the LED load current. In this structure, the
PFC and PC converters are independently controlled and
often selected for high-power LED drivers [4][5]. Due to
this fact, the independent switches and control systems of
this configuration favor the proper operation on a broader
AC grid voltage range and greater LED dimming interval.

A typical two-stage structure for street-lighting applica-
tions employs the Boost converter as the PFC stage (in
CrCM) and Buck as the PC stage (in CCM). However, the

selection of a two-stage configuration increases the total
system component count.

Another solution is the utilization of single-stage con-
verters formed by boost-buck-based converters, which is
interesting in small power LED drivers (< 100 W). The
SEPIC converter is commonly selected in small power ap-
plications within this family of topologies. Some advantages
of the SEPIC converter are its simplicity and low compo-
nent number. However, as previously mentioned, due to the
power level of this LED load, above 100 W, a single-stage
configuration is not recommended, especially for the limited
degree of freedom and the switch thermal management [6].

Aiming to reduce the LED drivers’ component count,
volume, size, and weight, hence decreasing the production
costs, many integrated converter topologies have recently
been proposed for different applications, including LED
drivers [7], [8], [9], [10], [11], [12], [13], [17], [14], [15].

However, there are several issues regarding the integrated
converter topologies for LED street-lighting applications
found in literature, mainly with respect to the high number
of capacitors and magnetic components, which represent the
most significant part of the prototype total volume [9], [10],
[12], [16].

Besides converters’ integration, another technique to dras-
tically reduce the volume of the prototype is magnetics in-
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tegration, which makes it possible to integrate two magnetic
components in the same core.

Many works in literature have already addressed the issue
of volume reduction in converters by proposing magnetics
integration techniques [17].

In [13], the first integrated magnetic was employed in an
integrated converter. It was used in an LED driver, employing
the Buck as the PFC stage and the Boost as the PC stage,
both in DCM, to feed a 26.5 W LED load. This was also the
first full integration (converters and magnetics integration) in
an LED driver.

The magnetic integration technique is characterized by the
absence of a gap in the center arm, hence the inductances
are determined by the gaps in their respective individual
outer arms. An additional advantage of this structure is the
subtraction of the fluxes (generated by the MMF in the outer
arms) in the center arm of the magnetic, which decreases the
total core losses.

A relevant study of magnetics integration in LED drivers is
presented in [9], in which a full integration is also proposed.
The magnetics integration technique presented in [9] is
employed individually in the magnetics of the PFC and PC
stages; hence, this work has two integrated magnetics. The
PFC stage integrated magnetic is formed by the transformer
and the inductor of the modified Buck-Boost type converter,
while the resonant tank inductor and the transformer of the
LLC resonant converter make the integrated magnetic of the
PC stage.

The configuration and methodology proposed by [13]
leads to the power density increase in LED drivers. The
power density presented in [13] is higher than the prototypes
implemented in [9], besides the lowest component count
presented by [13]. Furthermore, this technique is the simplest
of the three references, which increases the reproduction
reliability.

Dissimilar to these previous works, this paper proposes a
new fully integrated LED driver topology, named FIBoBuC,
using the Boost and Buck converters as PFC and PC stages,
respectively. This converter integration was not previously
presented in the literature. Besides that, the additional
novelty of the current work is the magnetics integration
in this topology. This converter significantly reduces the
LED driver’s volume and luminaire production costs. An
additional advantage that the proposed converter presents is
the design simplicity and lower switch count.

This work’s motivation is to reduce the volume and costs
of an 180 W commercial two-stage LED driver, formed by a
Boost PFC stage in BCM and a Buck PC stage in CCM [18].
This product has standalone magnetics in each converter.
The current paper is focused on the FIBoBuC, however, the
basics information of the previously mentioned converter are
illustrated in [19] and [20].

An additional contribution of this paper is the proposal of
a new design methodology for the PFC inductor based on the
integrated converter inductance ratio. This methodology al-

lows the design of this element to be done using just the input
grid voltage, the bus voltage and the nominal output voltage.
The experimental results validate the proposed methodology.

The paper is organized as follows: Section II presents
the analysis of the proposed integrated converter, including
its operation principle, equivalent modes, main waveforms
and mathematical relations. Section III describes the design
methodology of the proposed FIBoBuC, highlighting the
PFC inductor design based on the inductances´ ratio. Section
IV details the design of the integrated magnetic, the theoreti-
cal and simulation procedures, and the validation using finite
elements method (FEM). The standalone magnetics that will
be compared to the integrated one are analyzed theoreti-
cally, as well as by FEM simulations. Section V validates
the proposed FIBoBuC and the new design methodology
by implementation and experimental results, in addition to
comparing the current study with the main literature works,
which present integrated converters for LED drivers in the
same power range. Finally, the conclusions of this work are
exposed in Section VI.

II. ANALYSIS OF THE PROPOSED BOOST PFC AND
BUCK PC INTEGRATED CONVERTER
The proposed topology is based on integrating a DCM Boost
converter as the PFC stage and a DCM Buck converter as the
PC stage, following the methodology presented in [21]. The
PFC stage must operate in DCM to avoid the necessity of a
PFC control strategy. Furthermore, the full DCM operation
is the most apropriate to ensure LED LFR (Low-Frequency
Ripple) reduction, as verified by [22].

Besides this, the magnetics integration does not interfere
with the converters’ integration. Fig. 1 presents the schematic
of the proposed converter, in which Vrect is the rectified
voltage, after the diodes full-bridge rectifier. Fig. 2 illustrates
the four operation modes of the proposed topology.

During Mode I, shown in Fig. 2(a), the switch S conducts,
as well as the diodes D2 and D3. During this interval, the
Boost inductor LBo and the Buck inductor LBu are charging,
the bus capacitor Cb is discharging.

LED

LBo LBu

DBo

Vrect
D2

D3

Cb DBu Co

S

FIGURE 1. Schematic of the proposed FIBoBuC.
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FIGURE 2. Equivalent operation modes of the FIBoBuC. (a) Mode I; (b)
Mode II; (c) Mode III; (d) Mode IV.

Mode II begins when S is turned off and both D2 and
D3 are blocked, while the diodes DBo and DBu start
conducting, as presented in Fig. 2(b). In this mode LBo and
LBu discharge, Cb is charged with the energy stored in LBo

and Co is charged with the energy stored in LBu, from the
first mode.

Mode III starts when one of the inductors is completely
discharged, which varies according to the design specifi-
cations. DBo and DBu stop conducting when LBo and
LBu are completely discharged, respectively. When DBo is
blocked, Cb is fully charged and floating and, when DBu

is blocked, it means that Co is fully charged. Mode III,
represented in Fig. 2(c), shows the condition in which LBo

is fully discharged before LBu, because it corresponds to the
experimental validation of the given work.

Mode IV initiates when LBo and LBu are totally dis-
charged and, during this mode, none of the diodes nor S
conduct, and the output capacitor Co supplies the load.

Fig. 3 illustrates the main current waveforms of the
FIBoBuC at a high-frequency switching period Ts.

The mathematical analysis of the integrated topology
enables a proper design for full DCM operation. This study
considers an ideal converter and an ideal input sinusoidal
grid voltage vg(t) given by (1), where Vg.pk is the grid peak
voltage and ωL is the angular grid frequency, in rad/s.

The peak currents of the Boost and Buck converters are
expressed by (2) and (3), respectively, where D is the duty
cycle, fs is the switching frequency, Vo is the average output
voltage and Vb is the average bus voltage. It is important to
emphasize that D is the same for both converters, since they
share the same switch.

vg(t) = Vg.pk · sin(wL · t) (1)

IBo.pk =
D · Vg.pk

LBo · fs
(2)

IBu.pk =
(Vb − Vo) ·D

LBu · fs
(3)

The ratio between Vg.pk and Vb is expressed by the index
α, in (4), and the average grid current ig(t) per switching
period is calculated by (5) [23]. The input power pg(t) is
obtained by (6).

α =
Vg.pk

Vb
(4)

ig(t) =
D2

2 · fs · LBo
·
(

vg(t)

1− α · sin(wL · t)

)
(5)

pg(t) = vg(t) · ig(t) (6)

By calculating the coefficient Y(α) through (7), it is
possible to determine the Boost converter voltage ratio by
(8) [24].

Yf (α) = −2− π

α
+

2

α ·
√
1− α2

·
(π
2
+ sin−1(α)

)
(7)

Vb

Vg.pk
=

Y (α)

π
· LBu

LBo
(8)

The voltage gain of the Buck converter in DCM operation
is expressed by (9) [25]. The ratio between (9) and (8) results
in the integrated converter voltage gain, expressed by (10),
in which ILED is the average LED current.

Vo

Vb
=

D2(
D2 + 2·ILED·LBu·fs

Vb

) (9)

Vo

Vg.pk
=

D2 · Y (α)

π · fs
· LBu

LBo
· Vb

(1 + 2 · ILED · LBu)
(10)
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FIGURE 3. Main current waveforms of the FIBoBuC in full DCM operation,
within a switching period.

III. DESIGN METHODOLOGY OF THE INTEGRATED
CONVERTER
The design methodology proposed in this work is based on
the inductances ratio Lratio, which only uses the design
specifications of peak grid voltage Vg.pk, bus voltage Vb, and
output voltage Vo to design the PFC stage inductor, once the
PC stage inductor is already known. The design of the PC
stage inductor follows the methodology proposed by [14].

Concerning the FIBoBuC, it is required to determine the
critical duty cycles dBo.crit and dBu.crit to establish the
boundaries for full DCM operation of both converters, the
PFC and PC stages [25]. Once the design specifications
are known, it is possible to calculate dBo.crit and dBu.crit

numerically. Then, the duty cycle must be kept always below
the smallest value between these two boundaries to ensure
full DCM operation of the integrated topology.

Since DCM is ensured by fixing the duty cycle D of
the integrated switch in a value within the boundaries of
the PFC and PC converters for DCM, the operation of the
two integrated converters emulates a resistive load at the

input. Furthermore, the analysis of the two converters can be
decoupled, hence each one of them are analyzed individually
[14].

The next step is to find the PC stage equivalent resistance
RPC . For a Buck converter, RPC is given by (11). In
addition, RPC is also equivalent to (12), in which Pb is the
average power delivered from the input to the bus. Consider-
ing an ideal converter, Pb corresponds to the average value of
(6), and also to the LED nominal power. The inductance of
the PC stage LBu is then isolated by manipulating (11) and
(12). Once the factor Yf in (13) [14] is replaced inside the
resultant expression, the design equation for LBu is obtained
by (14).

RPC =
2 · LBu · fs

D2
(11)

RPC =
Vb

2

Pb
(12)

Yf =
Vb

Vb − Vo
(13)

LBu =
1

Yf
· V 2

b ·D2

2 · Pb · fs
(14)

The factor Xf shown in (15) is defined to design the
inductor of the PFC stage [14].

Xf =
2

α2
·
[
−2 · α

π
− 1 +

1√
1− α2

·
(
1 +

2 · sin−1(α)

π

)]
(15)

In the following, the proposed design methodology itself is
presented. This is developed by manipulating (10), replacing
(7) in the resultant expression, then isolating the relationship
between inductances LBo and LBu in (7) and, finally,
identifying the coefficients (13) and (15) into (7).

After this analysis, the inductances ratio Lratio expressed
by (16) is obtained, hence allowing to design the PFC stage
inductor only in terms of the voltages Vg.pk, Vb and Vo.

Lratio =
LBo

LBu
=

1

2
· α ·Xf · Yf (16)

An advantage of this methodology is the possibility to
analyze Vb in terms of Vg.pk for any value of Lratio, which
enables the selection of the Vb to enhance the converter
efficiency and/or reduce the volume of Cb, according to the
desired design criteria of the application.

The graph of Fig. 4 provides several curves of Lratio, thus
enabling the selection of Vb for a given Vg.pk and a fixed
Vo, which is selected according to the load characteristic.

In this topology, to ensure the operation of the PFC stage,
which is a Boost converter, Vb must always be higher than
Vg.pk.
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The capacitors Cb and Co are designed to accomplish the
IEEE 1789-2015 recommendation, which defines a maxi-
mum percentage of current ripple ∆ILED% as 19.2% at
nominal power for a grid frequency of 60 Hz [26].

Initially, it is required to calculate the low-frequency
ripple transfer ratio LFRTR of a PC stage Buck converter
[15]. After that, the percentage bus voltage ripple ∆Vb% is
obtained by the ratio between ∆ILED% and LFRTR, which
is calculated in the previous step. Finally, the bus capacitance
Cb can be determined by (17) [14], where fL is the grid
frequency.

The value of Co is designed as a conventional output
capacitor of a DCM Buck converter, expressed by (18), in
which ∆Vo is the output voltage ripple [22].

It is important to analyze the influence of the grid fre-
quency fL in the FIBoBuC design. This parameter has no
impact in the design of the PFC and PC stage inductors.
However, fL is inversely proportional to the bus capacitance,
hence the decrease of this value from 60 to 50Hz, slightly in-
creases the volume of the Cb, according to (17), considering
the other same design specifications.

The low-frequency LED current ripple will also change in
this case, from 120 to 100Hz. Regarding the limit duty cycles
to ensure the full DCM operation, fL does not change the
PC stage duty cycle, but it affects the maximum duty cycle
of the PFC stage. In the PFC stage using the Boost in DCM,
if the fL is lower, then the the limit for the DCM operation is
higher [23], which enables to use a slightly smaller switching
frequency fs, which can also reduce switching losses.

85
200

250

300

350

400

450

500

550

105 125 145 165 185 205 225 245 265

B
us

 V
ol

ta
ge

 (
V

)

Grid Voltage (V )rms

L :      0.5      0.7      1      1.1      1.35      1.55      1.95  ratio

FIGURE 4. Inductances ratio analysis by varying Vb at distinct values of
Vg.pk, with Vo fixed for the selected LED load at nominal power, at 104.4V.

Cb =
Pb

4 · fL · V 2
b ·∆Vb%

·

[
2 · α

+

∫ π−α

α

∣∣∣∣∣1− cos(2 · θ)− 2 · sin(α) · sin(θ)
1− 2·α

π − sin(2·α)
π

∣∣∣∣∣ dθ
]

(17)

Co =
Vb · LBu

2 · Vo ·∆Vo · (Vb − Vo)
·
[
(Vb − Vo) ·D

fs · LBu
− ILED

]2
(18)

IV. ANALYSIS AND DESIGN OF THE STANDALONE AND
INTEGRATED MAGNETICS
The inductances LBo and LBu are defined according to the
methodology exposed in Section III, using equations (11)-
(16).

Regarding the physical design of the inductors, the number
of turns N is given by (19), in which L is the winding
inductance, IL.max is the peak inductor current, Bmax is
the peak flux density and Acs is the cross-sectional area of
the core arm in which the winding is positioned.

N =
L · IL.max

Bmax ·Acs
(19)

The magnetics integration is proposed to improve the
integrated converter power density, simultaneously decreas-
ing core losses compared to two standalone magnetics,
which are designed using the same electrical and magnetic
specifications.

The main principle of this magnetics integration technique
is the subtraction between the magnetic fluxes at the center
arm of the core since they flow in opposite directions, thus
reducing the core losses. The gaps must be placed only in
the outer arms in order to force their reluctance to be much
higher than the center arm reluctance, which has no gap.

The decoupling between the windings’ magnetic fields en-
sures that the integrated magnetic operation will not interfere
with the converter’s electrical behavior.

The integrated magnetic design follows the steps described
in [13], including the design equations, thus only its essential
points will be mentioned in this paper.

The core PQ 35/20 [27] is selected for the design of the
integrated magnetic. To compare this integrated magnetic
with standalone magnetics, two PQ 26/20 cores are cho-
sen to theoretically design the Boost and Buck converters’
standalone inductors [28].

This model was selected for each standalone magnetic
because it is the PQ core size - hence the same format as
the core selected for the integrated magnetic - which presents
the central arm cross-sectional area Acent with the closest
value to the outer arms cross-sectional area Acs of the core
selected for the integrated magnetic, the PQ 35/20.

As mentioned above, to provide a fair comparison between
the standalone and integrated magnetics, they are designed
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TABLE 1. Design Specifications of the Magnetics

Parameter Symbol Boost Inductor Buck Inductor
Inductance L 368µH 273µH
Peak current IL.max 3.45A 4.60A
Peak flux density Bmax 0.35T 0.45T
PQ 35/20 outer arms Acs 108.55 mm2

PQ 26/20 center arm Acs 119 mm2

using identical electrical and magnetic specifications, which
are shown in Table 1, as well as the same ferrite material,
the 3C95 MgZn [29].

The simulations of the equivalent magnetic circuits of the
standalone and integrated magnetics are developed according
to the data available in the datasheets of the PQ cores and
the 3C95 MgZn ferrite material [27], [28], [29].

The equivalent circuits representation and the simulation
modeling are based on the procedures found in [13] and [20].

Based on the results of these simulations, the core losses
are estimated to prove that the total core losses of the
integrated magnetic are smaller than the sum of the total
core losses of the standalone magnetics.

This estimation considers the volumetric losses presented
in the ferrite material datasheet [29], according to the Bmax

at the fundamental switching frequency, in addition to the
second and third harmonics. The geometry volume of each
core part is taken into account, aiming to increase the pre-
cision of the losses’ prediction, as can be detailed analyzed
in Fig. 5.

The theoretical analysis of the standalone and integrated
magnetics total core losses is compared with FEM simula-
tions, which can be observed in Fig. 6.

The total theoretical core loss results calculated using the
methodology of Fig. 5 are very close to the total core losses
obtained by the FEM simulations in each magnetic in the
standalone and integrated cases. These total losses are around
0.6 W, considering the average power losses within a low-
frequency period of 120 Hz.

Furthermore, the flux density distribution between the
center and the outer arms presented in Fig. 6 is in accordance
with the values of Fig. 5.

Fig. 6 enables the verification of the fluxes subtraction at
the center arm, resulting in Bmax and core losses close to
zero in many points of the waveforms.

Hence FEM simulations confirm the core losses theoretical
analysis. These results show that the core losses are slightly
lower using the integrated magnetic instead of separate
inductors in identical design specifications.

However, the main advantage of the magnetics integration
is the significant volume reduction enabled, because the
PQ cores 26/20 and 35/20, selected for the standalone and
integrated inductors, respectively, present total volumes of
9994 mm3 and 12521 mm3.

As there are two standalone magnetics and just one
integrated magnetic, there is a core volume reduction above
20% using the magnetics integration.

3         Volume (mm )
Flux density at 50 kHz(mT)
Flux density at 100 kHz(mT)
Flux density at 150 kHz(mT)

3Estimated core losses per volume (W/m )
Estimated core losses per arm (W)
Estimated total core losses (W)

 1996
   67
   25
   14
 11300
  0.02

  1996
   158
    32
    22
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  0.14
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34.37
15.94
67.84
  0.07

 4222
56.49
  7.91
  4.83
24.78
  0.02

   3276
168.70
  47.38
  23.09
455.51
   0.46

0.55
0.55W (3.44% of the total losses)

Integrated magnetic

FIGURE 5. Theoretical core losses in the integrated magnetic of the
FIBoBuC at the input voltage of 220 Vrms and nominal power.

FIGURE 6. FEM simulation results of the magnetic flux densities at
220 Vrms and nominal power, using the software Ansys Maxwell. (a)
standalone Boost magnetic; (b) standalone Buck magnetic; and (c)
integrated magnetic.
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V. IMPLEMENTATION AND EXPERIMENTAL RESULTS
The proposed FIBoBuC is implemented based on the
methodology presented in Section III and on the integrated
magnetic design described in Section IV.

Table 2 presents the prototype design specifications. By
using (16) at the selected Vb, the inductances ratio Lratio

corresponds to 1.35. According to (14), LBu is 273 µH ,
and LBo results in 368 µH .

Table 3 presents the list of the main components of the
FIBoBuC prototype. The 3D illustration of the magnetics
construction is shown in Fig. 7, all in the same scale, to
show how they are manufactured.

The photograph of the prototype is shown in Fig. 8.
Its total volume is 432.28 cm3. Since the nominal power
is 180 W, the power density is 0.42 W/cm3. Although
heatsinks are not shown in this photograph, they are attached
in the MOSFET switch and diodes DBo and DBu to
dissipate the heat and ensure safe long-term operation.

After the integrated magnetic manufacturing, it is found
that it corresponds to 44.7% of the FIBoBuC prototype
volume. It is important to highlight that the PCB layout
was not designed concerning volume, so the prototype power
density can still be enhanced.

The power analyzer Yokogawa WT1800 is used to mea-
sure the efficiency results.

The grid voltage, grid current, bus voltage and LEDs
current waveforms of the FIBoBuC at 220 Vrms and nominal
operation are presented in Fig. 9. As can be noticed, the
input waveforms behavior is nearly sinusoidal, typical of a
DCM operation of the Boost converter, with the PF and THD
corresponding to 0.95 and 26.38%, respectively.

As shown in Fig. 9, at 220 Vrms the measured ∆Vb% is
around 8.18%. The previous calculated ∆Vb% was 10.53%,
according to the Cb design presented in Section III, hence
in accordance with the predicted design value.

The average bus voltage Vb is 396 V. The LED load is
working at the desired operating point since ILED and VLED

correspond to 1.56 A and 104.26 V, respectively.

TABLE 2. Design Specifications of the LED Drivers

Parameter Symbol Value
Grid RMS Voltage Vg.RMS 180∼250 V

Grid frequency fL 60 Hz
Average input power Pin 180 W
Nominal LED current ILED 1.55 A

Percentage LED current ripple ∆ILED% 19.2 %
LED threshold voltage Vth.LED 82 V

LED operating resistance RLED 13 Ω

Nominal LED voltage VLED 104.4 V
Nominal bus voltage Vb 400 V

Percentage bus voltage ripple ∆Vb% 10.53 %
Switching frequency fs 50 kHz

(a) (b)

(c)

FIGURE 7. 3D illustration of the magnetics physical construction: (a)
standalone Boost magnetic - PQ 26/20 core; (b) standalone Buck
magnetic - PQ 26/20 core; (c) the integrated magnetic - PQ 35/20 core.

TABLE 3. List of Components of the Prototype

Parameter Model / Value
Full bridge rectifier GBU406

Integrated magnetic core PQ 35/20

Boost inductor
LBo = 368 µH

NBo = 34 turns, g = 0.40 mm
20 x Litz wire AWG 34

Buck inductor
LBu = 273 µH

NBo = 28 turns, g = 0.37 mm
20 x Litz wire AWG 34

Bus capacitor 47 µF / 450 V
Output capacitor 15 µF / 200 V

Switch NTP190N65S3HF - 650 V / 20 A
Diodes BYC10DX-600 - 600 V / 10 A

The low-frequency LED current ripple (120 Hz) is around
250 mA (peak-to-peak), which represents a percentage value
of 17.8% at full power, thus fulfilling the requirements of the
IEEE 1789-2015, which establishes a maximum of 19.2%
and once more corroborates the validation of the design of
Cb.

Fig. 10 presents the Si MOSFET switch drain-to-source
voltage and current at low and high-frequency, also at
220 Vrms. As can be observed, the switching frequency is
50 kHz, the maximum drain-to-source voltage VDS is 570 V
and the peak drain-to-source current IDS is 8.64 A.

It must highlighted that the FIBoBuC is a hard switching
topology. The VDS voltage spikes on the switch are attributed
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FIGURE 8. Prototype of the FIBoBuC.

Grid voltage

Grid current

Bus voltage

LED current

FIGURE 9. Grid voltage (CH1 – 250V/div.), grid current (CH2 – 2A/div.), bus
voltage (CH3 – 100V/div.) and LED load current (CH4 – 1A/div.) of the
FIBoBuC at 220 Vrms and nominal power.

to the parasitic inductances in the PCB layout, which can be
easily enhanced.

Fig. 11 shows the inductors’ currents, which confirm the
full DCM operation at 220 Vrms and 180 W , as expected.

The LED dimming is achieved by changing the duty
cycle D of the controlled switch S. The FIBoBuC presents
full DCM operation from 10% to 100% of the LED load
power at 180, 220 and 250 Vrms, which confirms the desired
characteristic of the proposed topology.

It must be noted that, in order to guarantee DCM operation
in both converters of the integrated topology, the duty cycle
of the shared switch must always be below the minimum
duty cycle between the two converters for a given operation.
In this case, between 180 Vrms and 250 Vrms, considering
the nominal power, the shared switch duty cycle remains
between 15% and 27%.

The efficiencies of the proposed FIBoBuC under LED
dimming are presented in Fig. 12.

The power range is varied from 10 to 100% of the nominal
load in all the operating points. At 180 Vrms, the FIBoBuC
efficiency remains above 92.7% and the peak efficiency is
93.6%. At 220 Vrms, it remains above 91% and the peak

Drain-to-source voltage

Drain-to-source voltage

Drain-to-source current

Drain-to-source current

(a)

(b)

FIGURE 10. SiC MOSFET VDS (CH1 – 100V/div.) and IDS (CH2 – 2A/div.)
at 220 Vrms and nominal power. (a) low-frequency; (b) high-frequency.

efficiency is 92.2%. At 250 Vrms, it remains above 90.5%
and the peak efficiency is 92.1%.

The efficiencies of the FIBoBuC at different grid volt-
ages are very competitive compared to the results of the
LED driver with a two-stage commercial LED driver [18],
being higher in mostly operating points. This two-stage
configuration with magnetics integration was investigated
in the case studies [20] and [30]. In these two works,
there are discussions regarding the developed research and
other industrial applications and solutions. Both references
compared their developed solutions with the . This product
is detailed . The results vary between 88.5% and 93.1%
throughout the LED load dimming range.

The power factor PF increases as the power is increased
at the three input voltage conditions, as presented also in
Fig. 12. As can be seen, under light load conditions, the
efficiency remains high and very close to their respective
peak values at different grid input voltages.

The Fig. 13 analyzes the proposed converter’s grid current
harmonic content at 220 Vrms and the nominal power. It
confirms that, even though the FIBoBuC presents a large
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THD at this condition, it is still within the IEC 61000-3-2

Boost inductor current

Boost inductor current

Buck inductor current

Buck inductor current

(a)

(b)

FIGURE 11. Boost inductor current (CH2 – 2A/div.) and buck inductor
current (CH4 – 2A/div.) at 220 Vrms and nominal power. (a) low-frequency
and (b) high-frequency.
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FIGURE 12. Efficiency and PF under LED dimming of the the FIBoBuC at
180, 220 and 250 Vrms.
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FIGURE 13. Comparison of the FIBoBuC grid current with the IEC
61000-3-2 (Class C) standard limits at 220 Vrms.

(Class C) standard limits. It can be noticed that the third
harmonic content is high, as expected for the PFC Boost
converter working in DCM [31].

The comparison between the proposed FIBoBuC and liter-
ature works is presented in Table 4. It limits the comparison
to LED drivers using integrated converters for for street-
lighting applications with nominal power equal to or higher
than 150 W.

The efficiencies of the proposed FIBoBuC, [9], [10] and
[11] at different grid input voltages and LED dimming levels
are available in Table 5, from 25% to 100% of the nominal
LED load power.

In this comparison, besides the FIBoBuC, the evaluated
topologies are the integrated buck-boost (PFC) with LLC
resonant (PC) converter [9], the integrated class-E (PFC)
with LLC resonant (PC) converter [10] and the integrated
bridgeless boost (PFC) with isolated current-driven half-
bridge (PC) converter [11].

As can seen in Table 5, high efficiencies are achieved
by [9], between 50 and 100% of the load at the grid
voltages of 220 and 265Vrms. However, it presents the

TABLE 4. Comparison Between the Proposed Integrated Converter and

Related Literature Works

References [9] [10] [11] FIBoBuC

Number of Switches 2 2 2 1
Number of Inductors 2 1 1 2

Number of Transformers 2 2 2 0
Number of Cores 2 3 3 1

Number of Converter Diodes 3 3 4 4
Number of Capacitors 7 4 6 2
Total component count 25 15 18 10

Nominal Power (W) 200 150 150 180
RMS input Voltage (V) 185∼265 180∼250 99∼132 180∼250

Grid frequency (Hz) 50 50 60 60
Nominal Bus Voltage (V) 280 340 370 400

Output Voltage (V) 200 32 75 105

Magnetics Total Volume (cm3) 34.17 90.82 16.09 9.99

Power Density (W/cm3) 0.35 0.20 0.27 0.42
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TABLE 5. Efficiency Comparison at Different LED Dimming Levels

LED Dimming
Level (%)

[9] [10] [11] FIBoBuC

185V 220V 265V 180V 220V 250V 99V 120V 132V 180V 220V 240V

25 85.80 90.10 90.80 - - - 95.30 95.40 95.50 93.60 91.50 90.70
50 88.20 92.00 93.10 - 92.80 - 95.78 95.88 96.02 93.50 92.10 91.90
75 91.50 93.80 94.30 - 92.30 - 95.85 95.97 96.17 93.27 91.75 92.06
100 89.50 93.40 94.00 80.50 91.40 92.30 95.30 95.80 96.00 92.69 91.15 91.84

largest component count. In [10], the efficiencies available
are below the efficiencies of the FIBoBuC, [9] and [11]
at almost all the operating points. The topology of [11]
shows the highest efficiencies over the LED dimming range,
but only at lower grid voltages (99-132 Vrms). In [11], the
increase of the grid voltage also increases the bus voltage, as
well as the switching losses. As consequence, the efficiency
will decrease at higher grid voltages.

The proposed FIBoBuC presents the lowest component
count and just one active switch, which requires only one
driving circuit, thus reducing complexity. Besides this, the
power density of the proposed FIBoBuC is 17% higher than
in [9], 52% higher than in [10] and 36% higher than in [11].
In this work, the high power density is strongly related with
the magnetics volume reduction, which is enabled by the
magnetics integration.

VI. CONCLUSION
This work proposed a novel fully integrated converter fo-
cused on an LED driver application.

A new design methodology is proposed based only on the
inductance ratio between the PFC and PC inductors, using
only the peak grid voltage, the average bus voltage, and the
average output voltage as input parameters.

An integrated magnetic is presented to reduce the power
magnetics volume, which decreases the core losses, mini-
mizes the component count, and enables the reduction of
the magnetic core volume by more than 20% in comparison
to two standalone magnetics under the same design specifi-
cations. FEM simulations validate the theoretical analysis of
the core losses.

The magnetic volume reduction of 20% allowed by im-
plementing the integrated magnetic instead of the designed
standalone magnetics also represents an overall power den-
sity increase of 3.6 W/cm3, if the separated inductors were
implemented in the prototype with the same dimensions.

Considering that the magnetics of the power converters
are a considerable portion of the volume and cost of LED
drivers, this is an important landmark of the proposed
work in street-lighting LED applications, hence enabling to
drastically reduce the production costs of the entire LED
luminaire by increasing the power density.

A prototype of the FIBoBuC to supply an 180 W LED
load with an output voltage of 104V is built and tested at
the input voltages from 180 to 250 Vrms.

The experimental results validate the proposed design
methodology. The proposed converter also complies with the
limits of the IEC 61000-3-2 (Class C) standard, despite the

low PF and high THD. This is a characteristic of the Boost
PFC converter in DCM operation.

Hence, the Boost converter is not indicated in integrated
LED drivers for which the universal voltage range is a
requirement, because it requires the bus voltage to always
be above the peak value of the input voltage, which is a
limitation.

Nevertheless, as shown by the experimental results and
compared with other literature, this integrated topology
presents good performance for a fixed grid input voltage
within the range tested in this work (180-250 Vrms).

The efficiencies are above 92.5%, 91% and 90.5% at 180,
220 and 250 Vrms, respectively, from 20 to 100% of the LED
load power. The maximum efficiency of the FIBoBuC is
93.6%, achieved at 180 Vrms. The peak efficiencies obtained
at 220 and 250 Vrms are, respectively, 92.2% and 92.1%.

The FIBoBuC efficiency can be increased mainly by
decreasing the two major verified losses: the MOSFET
switching losses and the diodes DBo and DBu conduction
losses. The switching losses can be decreased by using a
semiconductor device with lower total output capacitance
Coss and, secondly, design the gate driver according to the
selected MOSFET. Other alternative for it is the replace-
ment of the MOSFET for a wide bandgap (WBG) device,
such as SiC or GaN, which also leads to a better thermal
management of the switch. Regarding the diodes conduction
losses, they can be reduced by selecting devices with lower
threshold voltages.

For this study, the efficiency measurements ensure ac-
curacy and repeatability, including the converter thermal
stabilization in each operating point.

The thermal behavior of the proposed integrated magnetics
is not analyzed in this paper, but the experimental results at
nominal power showed that the core and windings temper-
atures are as expected, far from exceeding the maximum
values.

Another topic to be further investigated is the EMI per-
formance of the FIBoBuC.

The FIBoBuC was tested in open-loop operation, because
the focus was the verification of its operation and accor-
dance with the theoretical design. Hence, a proposal for an
additional proposal for future works is the implementation
of a control circuit and the research on the input-to-output
dynamic response of this topology.

The FIBoBuC can be scaled up to higher power appli-
cations once thermal management aspects are adequately
analyzed, as well as careful PCB layout.

The total cost of the converter is not analyzed in this
paper, because it includes distinct aspects and details that
must be individually investigated, such as the manufacturing
complexity, costs of materials and savings in long-term
operation.

Finally, the comparison between the proposed FIBoBuC
and the most outstanding literature on integrated converters
for high-power LED drivers (> 150 W) was performed.
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The proposed topology presents the best cost-benefit rela-
tion between these solutions since it has the lowest number of
components, just one switch and one magnetic core. Besides
this, as there is only one switch, it requires only one driving
circuit and a simple control system.

Furthermore, the integrated magnetic of the FIBoBuC
represents the smallest proportion between the magnetic
volume and the total prototype volume between all the
compared literature works.
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[6] K. Örüklü and D. Yildirim, ”A peak current controlled flicker-free AC–
DC LED driver with dimming function,” IEEE Trans. Ind. Electron., vol.
71, no. 8, pp. 8724–8732, Aug. 2024, doi:10.1109/TIE.2023.3325563.

[7] Z. P. da Fonseca, C. B. Nascimento, and A. A. Badin, ”Single-stage
PFC charge-pump bridgeless converters for LED driver applications,”
IEEE Trans. Ind. Electron., vol. 69, no. 12, pp. 12750–12761, Dec. 2022,
doi:10.1109/TIE.2021.3131873.
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25, no. 1, pp. 9–18, Mar. 2020, doi:10.18618/REP.2020.1.0059.

[16] R. R. Duarte, A. Campos, M. A. D. Costa, V. C. Bender, and J. M.
Alonso, ”Sistema de Iluminação Autônomo de Estágio Único Baseado
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doi:10.1109/SPEC56436.2023.10408276.

[21] T. Wu and T. Yu, ”Off-line applications with single-stage convert-
ers,” IEEE Trans. Ind. Electron., vol. 44, no. 5, pp. 638–647, 1997,
doi:10.1109/41.633461.

[22] J. M. Alonso, D. Gacio, J. Garcia, M. Rico-Secades, and M. A.
Dalla Costa, ”Analysis and design of the integrated double buck-boost
converter operating in full DCM for LED lighting applications,” in Proc.
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