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Abstract: This paper presents a comparison of different
current mode control (CMC) methods applied on the
boost converter. The performances of four CMC methods
are verified and compared in simulations in Simulink:
peak current mode control (PCMC), projected cross
point control (PCPC), dual current mode control
(DCMC) and adaptive dual current mode control
(ADCMC).

Key Words: Audio susceptibility/Boost
converter/Current mode control/Line regulation/Peak-
to-average errov/Transient response

1. INTRODUCTION

Since introduction of current mode control (CMC) of
power electronics converters [1], many CMC methods
have been implemented in various applications. There
are two main groups of CMC methods regarding to
switching frequency: fixed-frequency and variable-
frequency methods. Fixed-frequency CMC methods are
preferably used in practice. The most common methods
are peak current mode control (PCMC) [2], [3], valley
current mode control (VCMC) [2], [4] and average
current mode control (ACMC) [5], [6].

PCMC and VCMC have major drawback - the
presence of subharmonic oscillations [7]. In order to
eliminate these subharmonic oscillations, the slope
compensation must be used.

Another drawback of PCMC and VCMC is
appearance of peak-to-average error in the inductor
current, which is defined as difference between the
average value of the inductor current over switching
period and the reference current. As a consequence, they
cannot directly control the average value of the inductor
current, which restricts their use.

The ACMC enables direct control of the average
value of the inductor current. However, due to the use of
low-pass filter in the inner current loop, the dynamic
response is slower. Also, the ACMC can exhibit
subharmonic oscillations [8].

Recently, the projected cross point control (PCPC)
method was presented in [9] as a new fixed-frequency
current mode controller stable for the entire range of duty
cycle from 0 to 1. Except elimination of subharmonic
oscillations, PCPC introduces several advantages
including improved line regulation and audio
susceptibility and zero peak-to-average current error.

In [10] a combination of PCMC and VCMC named
dual current mode control (DCMC) is proposed, which
provides stable operation of power converters for the
entire range of duty cycle from 0 to 1, without using
slope compensation. However, it has one major
drawback: a constant width between peak and valley
current boundaries (current bandwidth) must be set to be
equal or larger than the maximum peak-to-peak ripple of
the inductor current, resulting in existence of peak-to-
average current error. This error is however smaller than
in the case of PCMC and VCMC.

In [11] the authors proposed a new adaptive dual
current mode control (ADCMC), which is a modification
of DCMC, in order to improve its qualities by
introducing an adaptive current bandwidth, which is
equal to the instantaneous value of peak-to-peak ripple of
the inductor current over each switching period. The
proposed ADCMC is similar to hysteresis CMC
(HCMC), but with fixed switching frequency. In [12] an
experimental verification of the proposed ADCMC of the
synchronous buck converter is presented.

This paper is focused on the comparison of four
CMC methods: PCMC, PCPC, DCMC and ADCMC,
applied on the boost converter. These methods are
considered because they are all peak (or valley) current-
based, with similar structures, and they are stable for the
entire range of duty cycle from 0 to 1, which makes them
applicable for wide range of power converters.

This paper is organized as follows. Section 2 presents
the basic working principles of the mentioned CMC
methods, with focus on ADCMC. Their comparison and
simulation verification is presented in Section 3.
Concluding remarks are given in Section 4.




2. WORKING PRINCIPLES OF PCMC, PCPC,
DCMC AND ADCMC

The basic structures of PCMC, PCPC, DCMC and
ADCMC of boost converter are presented in Fig. 1. All
presented CMC methods from Fig. 1 have two control
loops: the outer voltage loop with compensator G.(s) for
regulation of the output voltage v, and inner current loop
for regulation of the inductor current #;. The key
difference between these methods is in their current
loops.

The basic working principles of considered CMC
methods will be briefly demonstrated.

2.1. PCMC

The PCMC (Fig. 1.b) works as follows. The clock
signal clk turns on the power switch 7, while the switch
T is turned off when i;=i,.i,, where i, is the reference
current and i, is the artificial ramp with slope M,,.

2.2. PCPC

The PCPC (Fig. 1.c) differs from PCMC in the turn
off instant of the power switch 7. This instant is
determined when i;=f, where fis the following function:

F@)=i, ==L =M, T). (1)

The switching period is denoted with 7. The slopes of
the inductor current when the switch 7 is turned on (M)
and off (M,) are:
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where v, is input voltage and L is the inductance value.
2.3.DCMC

The DCMC (Fig. 1.d) is obtained by combination of
PCMC (duty cycle D is less than 0.5) and VCMC (duty
cycle D is greater than 0.5). Therefore, it requires two
clock signals clky and clkp shifted for 7,/2 and two
current boundaries: peak (i.stly) and valley (iyrIp)
boundaries, where current [, has a constant value (the
selector S from Fig. 1.d is in (1) position). For correct
and stable operation of DCMC the constant width
between peak and valley boundaries 2/, (the current
bandwidth) must be equal or larger than the maximum
peak-to-peak ripple of the inductor current. The
existence of such predefined constant current bandwidth
causes the appearance of peak-to-average error in the
inductor current. This fact was motivation for
modification of DCMC and introduction of new
ADCMC method [11].

2.4. ADCMC

The ADCMC (Fig. 1.d) introduces an adaptive
current bandwidth 2i, (the selector S from Fig. 1.d is in
(2) position) which is equal to the instantaneous value of
peak-to-peak ripple Aiz,, of the inductor current on each
switching period Tj:
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Fig. 1. (a) Boost converter,; (b) PCMC; (c) PCPC [9];
(d) DCMC [10] (selector S in position (1)) and ADCMC
(selector S in position (2)).
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where f; is switching frequency and Kj; is scaling factor
(Kp>1). If Ki3=1, then 2i,=Aiy,,. In this way, the peak-to-
average error is eliminated.

3. SIMULATION RESULTS

The basic performances, such as peak-to-average
current error, line regulation, audio susceptibility and
step load response are verified and compared in
simulations in Simulink for all described CMC methods.
To make a fair comparison, identical voltage
compensators G.(s) are used for all CMC methods.
Parameters of boost converter are indicated in Table 1.

Table 1. Parameters of boost converter

Parameter | Description Value
Ve Input voltage 12V
v, Output voltage 20V
L Inductor 20 uH
C Capacitor 1000 puF
R Load 10 Q
/s Switching frequency | 100 kHz
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Fig. 2. Inductor current and other characteristic signa
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Fig. 3. Inductor current and other characteristic signa

3.1. Peak-to-average current error in steady state

Peak-to-average current error in steady state was
tested, for two values of the output voltage: v,=20 V
(D=0.4) and v,=30 V (D=0.6). The results are shown in
Fig. 2 and Fig. 3. It is obvious that the peak-to-average
current error for both cases (D<0.5 and D>0.5) is the
largest for PCMC. The smaller error exists for DCMC,
while for PCPC and ADCMC it is approximately zero.

3.2. Line regulation

In order to verify the line regulation of all considered
CMC methods, step changes of input voltage from 12 V
to 6 V and vice versa were introduced. Considering that
the output voltage was regulated to the value of 20 V, the
duty cycle changed from D=0.4 to D=0.7 and vice versa.
The results are shown in Fig. 4. The best response is for
PCPC (the undervoltage and overvoltage are the
smallest), while PCMC gives the worst response. The
DCMC ensures better response than PCMC. Also, the
quality of line regulation for PCMC and DCMC depends

time [s]
Is in steady state for considered CMC methods (v,=30 V).

on the values of compensation slope M, and current /,,
respectively, as indicated in Fig. 4. The response for
ADCMOC is almost the same as for PCPC. Therefore, the
ADCMC also ensures excellent line regulation.
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Fig. 4. Output voltage for step changes in input voltage
from 12 Vto 6 V (t=0.05 s) and vice versa (t=0.1 s) for
PCMC, PCPC, DCMC and ADCMC.
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Fig. 5. Audio susceptibility of boost converter with PCMC, PCPC, DCMC and ADCMC.

3.3. Audio susceptibility

The audio susceptibility is defined as closed-loop
input-to-output transfer function [13], which in fact
represents the input-to-output noise rejection ability of
power electronics converters.

After performing a small-signal analysis on boost
converter from Fig. l.a with PCMC (Fig. 1.b), using
simple first-order approximation in which it is assumed
that CMC operates ideally (the average inductor current
over switching period T is equal to the reference current

irg), which leads to i (1)=1,(t) [14], following

expression in Laplace s-domain can be obtained:
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where G,.(s) and G,,(s) represent control-to-output and
input-to-output transfer functions, respectively, when the
output voltage loop is open:
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The output voltage compensator G.(s) is simple
proportional-integral (PI) compensator with proportional
and integrator gains k, and k;, respectively.

Substitution of transfer functions (5) in (4) leads to an
expression for audio susceptibility of boost converter
with PCMC:

A,(s) = 2 (S)| G
Y (s)|% e HGL(9)G.(s)
sK, (6)
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The obtained expression (6) for audio susceptibility
applies to the ideal CMC. However, all four CMC
methods should in fact have their own more accurate
small-signal models. For instance, in [9] a more complex
small-signal model of PCPC is derived in detail. Also, in
[14] a more accurate small-signal model of PCMC is
presented. This paper however does not deal with these
accurate models. The magnitude and phase of audio
susceptibilities for all considered CMC methods are
obtained in simulations with simple simulated network
analyzer. Then, the obtained results are compared to the
ideal audio susceptibility 4,(s) from (6). These results
are shown in Fig. 5. It is obvious that PCPC and
ADCMC are close to the ideal case and they have
improved audio susceptibility over DCMC and
especially over PCMC. DCMC differs significantly from
the derived small-signal model, especially in magnitude,
while PCMC differs most. These results are expected,
due to the size of peak-to-average current errors. For
PCPC and ADCMC these errors are very small (close to

zero) and the approximation i, (f) =1, o () 1s valid, while

for DCMC and especially PCMC with
compensation this is not the case.

slope
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Fig. 6. Output voltage for step changes in load resistance
from 15 Q to 10 Q (t=0.05 s) and vice versa (t=0.1 s) for
PCMC, PCPC, DCMC and ADCMC.

3.4. Step load response

Step changes in the load resistance R from R=15 Q to
R=10 Q and vice versa are introduced in order to show
the step load response of boost converter with all four
CMC methods. The results are shown in Fig. 6.

It is evident from Fig. 6 that all four CMC methods
give similar results and successfully reject step load
disturbances.

4. CONCLUSION

This paper is based on comparison between different
CMC methods, such as conventional PCMC, then
DCMC, which combines PCMC and VCMC, and
recently developed PCPC and ADCMC. The basic
performances, including peak-to-average error in the
inductor current, line regulation, audio susceptibility and
step load response, are verified with simulations for all
four CMC methods. The obtained results show that
PCPC and ADCMC methods ensure improved line
regulation and audio susceptibility, which mainly comes
from the fact that they have zero peak-to-average current
error. These qualities make PCPC and ADCMC
excellent candidates for use in many applications.

5. REFERENCES

[11C. W. Deisch, “Simple switching control method
changes power converter into a current source,”
Proceedings of the IEEE Power Electron. Spec.
Conf., 1978, pp. 135-147.

[2]S. S. Hsu, A. Brown, L. Rensink, R. D. Middlebrook,
“Modeling and analysis of switching dc-to-dc
converters in constant-frequency current programmed

mode,” Proceedings of the IEEE Power Electron.
Spec. Conf., 1979, pp. 284-301.

[3] M. Hallworth, S. A. Shirsavar, “Microcontroller-
Based Peak Current Mode Control Using Digital
Slope Compensation,” IEEE Trans. Power Electron.,
Vol. 27, No. 7, pp. 3340-3351, July 2012.

[4] G. M. L. Chu, D. D. C. Lu, V. G. Agelidis, “Practical
application of valley current mode control in a
flyback converter with a large duty cycle,” IET
Power Electron., Vol. 5, No. 5, pp. 552-560, May
2012.

[STL. Dixon, “Average current mode control of
switching power supplies,” Unitrode Corp., San Jose,
CA, Unitrode Appl. Note U-140, 1999, pp. 356-369.

[6] Yingyi Yan, F. C. Lee, P. Mattavelli, “Analysis and
Design of Average Current Mode Control Using a
Describing-Function-Based ~ Equivalent  Circuit
Model,” IEEE Trans. Power Electron., Vol. 28, No.
10, pp. 47324741, Oct. 2013.

[7TA. V. Anunciada, M. M. Silva, “On the stability and
subharmonic  susceptibility =~ of  current-mode
controlled converters,” Proceedings of the IEEE
Power Electron. Spec. Conf., 1992, pp. 345-353.

[8]C.-C. Fang, “Unified subharmonic oscillation
conditions for peak or average current mode control,”
Int. J.  Circ. Theor. Appl., 2014, doi:
10.1002/cta.1989.

[9] M. Khazraei, M. Ferdowsi, “Modeling and Analysis
of Projected Cross Point Control—A New Current-
Mode-Control ~ Approach,” IEEE Trans. Ind.
Electron., Vol. 60, No. 8, pp. 3272-3282, Aug. 2013.

[10] A. V. Anunciada, M. M. Silva, “A new current
mode control process and applications,” IEEE Trans.
Power Electron., Vol. 6, No. 4, pp. 601-610, Oct.
1991.

[11]S. Lale, M. Soja, S. Lubura, M. Radmanovi¢,
“Modeling and analysis of new adaptive dual current
mode control,” Proceedings of the 10th International
Symposium on Industrial Electronics INDEL, Vol.
10, No. T-02, pp. 73-76, 2014.

[12]S. Lale, M. Soja, S. Lubura, “Performance
evaluation of new adaptive dual current mode control
of buck converter,” Proceedings of the 14th
International  Scientific—Professional ~ Symposium
INFOTEH-JAHORINA, Vol. 14, No. ELS-10, pp. 49-
54, 2015.

[13] Byungcho Choi, Pulsewidth Modulated DC-to-DC
Power Conversion: Circuits, Dynamics, and Control
Designs, 1st ed., Wiley-IEEE Press, 2013, pp. 509—
559.

[14] R. W. Erickson, D. Maksimovi¢, Fundamentals of
Power Electronics, 2nd ed. Boston, MA: Kluwer,
2001, pp. 439-487.



	Broj rada: Paper No. T4.1-2, pp. 1-5


