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Abstract - This paper presents the buck+boost converter, "buck+boost converter”, for differentiation with respect to
formed by the buck and boost converters connected in the classic buck-boost (Flyback) converter.

cascade. This connection is used to obtain high power factor  This converter operates in the conventional buck mode
and output voltage higher or lower than the input. when switch $is maintained turned off and 8 turned on
The proposed converter works at constant frequency, as a with a duty cycle D, resulting in a static gain equal to D. It

boost converter in continuos conduction mode when the input tes in the boost d heni€ maintained t d
voltage is lower than the output and as a buck converter operates in the boost mode whenissmaintained turne

when the input voltage is higher than the output. off and S is turned on with a duty cycle D, resulting in a
The present converter has a smaller number of reactive Static gain 1/(1-D). It operates in the buck-boost mode
elements in comparison to Flyback, Cuk, Sepic and Zeta when § and $ are commanded by the same gate voltage
converters, presenting similar characteristics of operation. signal and operates with duty cycle D. In this case its static
The principle of operation, control and modulation strategy,  gain is D/(1-D).
design and experimentation results are presented in this In this case two operation modes can be distinguished.
paper. The "buck or boost" mode and the "buck and boost" mode.
The latter uses a simpler way to command the converter,
|. INTRODUCTION since both switches are enabled or disabled with the same
signals, generated by comparison of a continuous voltage
In usual applications, the single-phase rectifier withyith a ramp. This is not recommended in power factor
power factor correction is used with the boost convertegorrection, due to significant commutation losses in the
especially in power supply design. However, thegyjiches. The "buck or boost” mode is more advantageous,
employment of this converter is not always advantageoysecause only one of the switches commutes with the
or possible. Its largest inconvenience is the impossibility °§witching frequency, while the other is maintained turned

obtaining in the output a lower regulated voltage than thgft or on, for a large period. For this reason, only the
peak value of the alternated input voltage. There are manlck or boost" mode is studied in this paper.

applications where this condition is necessary. Another

common situation is a wide range controlled output Il. PRINCIPLE OFOPERATION
voltage, where it's peak value is inferior to the input peak
voltage [1][2]. The power stage of the buck+boost converter associated

The Flyback, Sepic, Zeta and Cuk converters can bg 5 gjngle-phase rectifier is shown in Fig. 1. An
used in these cases. The first of them however prOduceséﬁblication is supposed in which the output voltage V
output voltage with inverted polarity. This is not alwaysrnust be smaller than peak input voltage, is shown in Fig.
desirable. The o_ther converters use a large number_ of high i, which the rectified input voltage and output voltage
frequency reactive elements. There are not studies thgie depicted.

guarantee that they are advantageous in these casesry, modes are observed in Fig. 2. In the first mode the
especially in high power applications (more than 1500W)ectified voltage is lower than output voltage. \During

anI(:] Th?del conrtro'lqs.th r converter for thi lication W"Ehe intervals (®) and (1809, «), the converter is operated
> Paper another converter for this applications n_the boost mode. In the interval, (180°8) the rectified

Eﬁcitugr']%d’ag%r;%r;tego:\?é?t;]eV\(/:i?rfcg]dee SSSOrCézg?onnov tage is greater than output voltage. \During this
' PP terval the converter is operated in the buck mode.

redundant reactive elements. The resulting topology is Sy L D, Vo
represented in Fig. 1, associated to a single-phase rectifier. 1 YT N N +
The converter in this paper will be denominated Dax Ds T
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Fig. 1- Proposed buck+boost converter.
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Fig. 2— Operation modes of the buck+boost converter.

I1l. OPERATIONSTAGES INBOTH MODES

A. Buck Modef<ot<mt-0)

In this case, the instantaneous input voltage is greater
than the output voltage. Switch 8 turned off and diode

D, turned on. operation stages for this

Following,

operation mode are described.

1% Stage (t,t1) (Fig. 3),at instant4, switch S is turned
on, and inductor L stores energy, supplied by source V
The current in the inductor increases linearly until reaching

its peak value in tzt

2" Stage (§,To) (Fig. 4),at instant t=t S, is turned off

2" Stage (,Ts) (Fig. 6),at instant t5¢ S is turned off.
The energy accumulated in inductor L is transferred to the
load trough B. The duration of this stage is equaltsg.
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Fig. 5— First stage.
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Fig. 6- Second stage.

IV. MODULATION STRATEGY

and D is directly biased. The duration of this stage is

equal toAt,.
L D2 Vo
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Fig. 3— First stage.
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Fig. 4- Second stage.

The converter operates in the Buck or Boost mode,
cyclically. This way, the command signals are not identical
and they cannot be generated by the comparison of a single
ramp with a continuous voltage. The studied strategy uses
two different ramps, as described bellow.

Fig. 7 shows two ramps designated by &hd \4,
synchronized, with the same amplitude. Whe ramp VY
rises from zero to Y while the ramp Yrises from \4 up
to 2Vs. The ramp Y is compared with the command
voltage ¢ in the comparator £ generating the gating
signal S of the buck converter. The ramp,\f's compared
with V¢ in the comparator £ generating the gating signal
for switch S2 of the boost converter.

Fig. 8 shows the behavior of duty cycles Bnd DB
corresponding respectively tq 8nd $, and the resulting
static gain, as a function of the command voltage V

The relative disposition of the two ramps and the
mechanism of generation of the gating signal foai®l S,
for \Vc < Vs and for Vc > Vs can be understood better

with the help of Fig. 9.

B. Boost Modé0 <ot <6 and -0 <ot<n)

To operate in the boost mode, the instantaneous input
voltage must be inferior to output voltage Vo, condition
which is satisfied in the indicated intervals. Switchi$S
permanently on, during this mode. Following, operation
stages are described.

1% Stage (t,t1) (Fig. 5), at instant t=}, S, is gated on.
During this stage, inductor L stores energy from the input
source. The duration of this stage is equait{o
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Fig. 7— Generation of the gating signals for the converter.
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(a) Ve<Vs => Di<1 e D=0 (b) Ve>Vs => Di=1 e D<1 Fig.12. The transfer function expressions for the current

Fig. 9- Details of the gating signals generation for (axVs and (b) compensator (2) is presented bellow.

Vc>Vs.
GC(S)=VC (S)zK (S+0‘)Z) (2)
e(S) S-(S+w,)

V. STRATEGY OFCURRENTCONTROL Where:
The operation of the system shown in Fig.10 isK_ 1 0 — 1 o - C,+Cp
described bellow. Co R, ’ R,-C, P R,-C,-Cp,

The signal \ is an image of the rectified voltage,V

which is multiplied by a continuous voltagq .V The transfer function is for the passive filter:®, is:

In the output of the multiplier the current referengad 1
generated, exhibiting also the shape of a rectified voltage. F(s) = . 3)
The current { is sensored through resistor,RThe RpCpS+1

current compensator Gc(S), if properly calculated, Re; and G, compose a passive filter with crossover
generates the command signal, Which is compared to frequency equal to the switching frequency, and is destined
the ramps of the modulator, generating the gating signale attenuate spikes generated from switching. Below the
of S, and S, forcing the instantaneous average rectifieccrossover frequency the capacitos, @ considered zero,
current to follow the current reference [3]. not interfering in the transfer function.

The block diagram representing the closed loop current Rs, is a resistor with low resistance, employed as an
control is shown in Fig. 11. Kis a constant that multiplied input current sensor.
to Vc(S) produces D(S). K represents the PWM

modulator gain, and its value is obtained with the help of v !
Fig.11. < N

To obtain the transfer function of the converter H(S), the Rez2 (o, Rep=R1
DC-DC converter is considered initially in steady state, Recp ———— Cp1
and the input and output voltage are constant before and Repis  RiS R L .

. . < < Z z
after the perturbation. Therefore, it can be concluded that L —
the transfer functions for the current control of sourge V
are equal for both operation modes. This is illustrated - Ve
through expression (1). Iref —
= +

HE =21 _ Yo @)

AD(S) S S-L Fig. 12— Current compensator.



Cr1, Ry, Repy Rz, C; and the operational amplifier
constitute the compensator. The same circuit already 14UC3854 3
studied, for the current compensation in the traditional vy
boost converter is used. With the addition of theCR Ve
filter. Vee L lﬁ
VI. IMPLEMENTATION OF CARRIER SIGNALS RS 4 T

The circuit implemented to generate the two carrier
signals is shown in Fig. 13. Such circuit is utilized toPOT
2

_ : ‘ LF411>>-
obtain the PWM modulation of the proposed converter. In % m
~. Ra :

this circuit, the carrier for s obtained, directly, from pin

Vofiset

V2

PWM COMPARATOR

14 of the UC3854 (for Buck-Mode). The carrier for switch
S, (for Boost Mode) is obtained using a non inverting
summing block, where the offset signalx\ and \, are
averaged and amplified with adequate gain according to
the requirement. The operational amplifier of the summing
block must have a large bandwidth, in order to preserve the
waveform of the carrier. The two carrier indicated . .
previously are compared in two PWM comparators with | "€ €xperimental results are obtained from a prototype
the control signal Vc (modulator signal) given from pin 3With the following specifications: ‘input voltage 110V-
of the UC3854. 60Hz, output voltage 100V and 200V, nominal load

For the control circuit implementation from UC3854 theCUrrent 1A, switching frequency 25kHz.
following into components are used: Multiplier/divider (to AiMing to verify the principle of operation as well as the

obtain the reference current,)l and the operational Control and the modulation technique a prototype was

amplifiers for the implementation of the current controliMPleémented, as shown in Fig. 14.
loop and the voltage control loop.

Fig. 13— Carrier signals generator circuit

VIl. EXPERIMENTAL RESULTS
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Fig. 14— Complete circuit schematic of the implemented prototype.



The results are presented for the two specified cases.
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Fig. 15— Input voltage and current.

Vs2

ek Stop: 5.00kS/s
;
t

Chz

1.00 A2 M10.0Ms Ch2 S.68 A

Fig. 16— Voltage and current in switch.S
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Fig. 17- Output voltage and current.
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Fig. 19— Details of the gating signals generation.
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Fig. 20— Input current harmonic analysis.
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Fig. 21— Input voltage and current.
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Fig. 22— Voltage and current in switch.S
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Fig. 23- Output voltage and current.
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Fig. 25— Details of the gating signals generation (Buck-Mode).
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Fig. 26- Input rectifier current not filtered.
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Fig. 27— Efficiency vs. load current.

VIIl. CONCLUSION

This work presented a single-phase pre-regulator
buck+boost rectifier, with high power factor, average
current-mode control and hard commutation. Theoretical
analysis and experimental results present the following
conclusions:

e High power factor is obtained through average
current-mode control, for full output and input
voltage range. The Total Harmonic Distortion
(THD) of the input current is small and
complies with the standard IEC-1000-3-2 for
switching power supplies.

e The converter is regulated with constant
frequency, as the conventional PWM
technique.

e The ramp signals generated for each switch
presented a steady behavior, thus performing
well its foreseen role in the modulation and
control strategy.

Therefore the pre-regulator buck+boost rectifier
presented advantages in comparison to the classic
converters like Flyback, Cuk, Sepic and Zeta, from control
point. It allows an operation with better performance and
high efficiency (up to 93%), with low THD input current,
being recommended for switching power supplies in
energy systems for telecommunications.
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