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A Study on the efficiency analysis of CCM boost converter

Jin-Yong Bae” . Yong Kim™ . Eun-Young Lee™ . Soon-Do Kwon™
Daelim College .

*kk

*KIPO . “Dongguk University .

Abstract - This paper presents the efficiency analysis of
CCM(Continuous  Current Mode) boost converter. A  thorough
efficiency analysis of a bhoost converter taking into account the
conduction losses, the diode power loss, the switching losses, the
gate—drive loss and the capacitive switching loss, for both continuous
conduction mode is presented.

1. INTRODUCTION

The boost converters are widely used to obtain a voltage higher
than the battery source one. During the design step, the efficiency of
such a converter can be accurately predicted only if the main
dissipation sources are considered. In this paper a thorough efficiency
analysis of boost PWM converter is carried out. In particular,
relationships that take into account the conduction losses, the diode
power loss, the switching losses, the gate-drive loss, and the
capacitive switching loss both for CCM are given. The expressions
developed can be effectively used to predict the converter circuit
behaviour both for a constant input voltage and output voltage
operation, and can help the designer to improve the converter
performance.

2. ANALYSIS OF BOOST CONVERTER

The conventional schematic of a boost converter is shown in
Figure 1. It consists of an inductor, L, a power transistor MN, which
implements a controllable switch, a diode, D1, a filter capacitor, C,
and a load resistance, R.
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<Fig. 1> Boost converter.

<Fig. 2> Boost converter equivalent circuit including the
parasitic components

The equivalent circuit of the boost converter taking into account
the parasitic components is shown in Figure 2, where capacitor, Cx is
the equivalent parasitic capacitance at the drain of transistor MN, and
the other components were defined above. Assuming the
transistor-switch is turned on and off at the constant switching
frequency, fs = 1/Ts, the inductor voltage and the current waveforms
of the converter operated at CCM and DCM are depicted in Figures
3(a) and (b), respectively.
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<Fig. 3> Boost PWM converter waveforms
(a) CCM (b) DCM

2.1. CCM Boost Converter Analysis
Assume the boost converter to work in CCM. As far as the
conduction loss in the inductor is concerned, we have

Ppr = R x IL,RMS2 8

From Figure 3(a), the root mean squared current through the
inductor, I rvs can be evaluated as follows:

1 1/2
Il rus = %L (0) dt
. Tg
(1 e Al 2 LT To—t \2 12
N [ Ts Jo (Ia * ton t)de+ Ts ftm L+ AL Ts—ton dt]

(2)

Since the minimum inductor current, I, is equal to Ip - Al/2
solving (2) we have

) A Iz 1/2
I rus = [ M Io)2 + T @)
being M the ratio between the dc output voltage Vo and the input
voltage Vi, current Ip the dc output current through the load
resistance R (ie. Vo/R) and AL the ripple of the inductor current,
given by

l(L M-=1 (4)

Al, =
IL LfS MZ

The diode power loss is

Rg
Pp= Vglp+ Ry IZD,RMS = Vgl + M IzL,RMS

%)
The power loss in the ESR, R¢ results

Rp

Prc = Rc IPcrus = M Re I? ©

2

I L,RMS —
Observing the power transistor current behaviour, it is apparent

that its averaged value, Is, as well as its root mean squared, Ispus

are given by

IS=LTHSLLéLIL‘l=DIL=<M—1)I0 @)
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1/2
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(1 + 15+ L) 1" — 1\
Lot ()
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The power loss in the transistor-switch MN depends on four
dissipation sources. Specifically, the first cause is the conduction loss,
Ps in the resistance Rpsy which, taking into account the relationship
(8) can be evaluated as follow

1%L rus )

_ 2 _ M-=1
Ps= Rps I"srus = Rpsy 7
The second dissipation source is the switching loss Psw due to

turn-on and turn-off of power transistor and it is given by

A
PSW = % (VO + VF)(MIO + 421L)(trv + tfi)fS <1O)

where t. and t; are the rise and the fall times of drain-source
voltage and drain current, respectively. Note that, in determining
Equation (10) we have assumed some reasonable approximations.
Specifically, since the current at turn-on of transistor switch is
smaller than the turn-off one, only power loss on the turn-off can be
considered.

The third contribution is the gate-drive loss Pg, due to raising and
lowering the power transistor gate, which results

PG = CGN VZOfS (11)

being Cen the equivalent capacitance at the gate of power
transistor MN. It is worth noting that to obtain relationship (11) the
power supply of the control circuit has been assumed equal to the
output voltage. Finally, the last contribution is the capacitive
switching loss Px due to the equivalent parasitic capacitance Cx,
which is given by

Py = Cx Viofs (12)
Collecting the terms in Equations (1)-(12), the efficiency of the
PWM boost converter results
Pq

Ve Ryly R, _A%
{1+ Vo T Ve T Vol, | 12

Neem =

n [%(1+ X(r;)-(M+ZA—E;)-(tw+tﬁ>+%Hc(;lﬁcx)]fsy1
(13)

where Ry and Rz are defined as
Ry=R.M?+RzM + (R¢ + RpsyM) - (M — 1) (14)

_ Ry + R _
Ry = Ry + Rpey Mt + SE26 (15)

From relationship (13) it is possible to predict the converter
efficiency taking into account all the dissipation sources. Moreover, if
the switching frequency fs is low enough so that the switching
losses can be neglected, expression (13) can be rewritten neglecting
the term in square bracket and, hence, substituting (14)-(15) an
approximate efficiency, ngq , can be evaluated as

Vi I I \
Neem a = {1 + T(: - RCV% + v% [RL+ Rpsn + Vi(l) (Rp+ Re— Rpgn)
. (&)Z (Vo= V) V% ]’1
v, 12 (LfsIoVo)?

2.2 Experimental Result and Efficiency Analysis

The prototype of Boos converter has been implemented to verify
the loss analysis. Table. 1 shows specifications and parameters about
the prototype.

(Table. 1> The specifications and parameters used in converter
Input voltage (Vy) DC 15V
Output voltage (Vo) DC 24 V
Output power (Po) 24 W
Boost inductor (L) 3857 pH. TDK
Power transistor (MN) ISFS530A. Fairchild
Diode (D1) SB340. Fairchild
filter capacitor (C) 1000 pF
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<Fig. 4> Gate voltage, gate current, switch voltage, and
switch current of boost converter (100kHz full load)
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<Fig. 5> Gate voltage, gate current, switch voltage, and
switch current of boost converter (500kHz full load)
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<Fig. 7> The critical-current variation according to
frequency(theoretical data)
(Vi = 15[V], L = 38.57[uH], R = 24[2])

3. CONCLUSIONS

In this paper, a detailed efficiency analysis of a boost dc-dc PWM
converter, taking into account all the chief sources of dissipation, for
CCM was carried out. The proposed expressions agree very well
with simulated ones, and, therefore, can help the designer for
designing a PWM converter operated with the highest efficiency for a
given application.
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