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Abstract—In this paper, we demonstrate a switch-
ing ripple reduction technique for current-controlled one-
dimensional DC/DC boost converter. First, we show the
circuit model, and then we explain behavior of the wave-
form. Next, we define the discrete map by sampling the
inductor current at clock interval. Based on the discrete
map, we derive a controlling gain. Finally, we try to re-
duce switching ripple of inductor current, and confirm the
effectiveness of our controlling method.

1. Introduction

Power conversion circuits including switching devices
have an interrupted characteristics due to the switching
events, and rich nonlinear phenomena can be observed de-
pending on the circuit parameter [1, 2]. It is important
to analyze the bifurcation parameter for designing suitable
circuit parameter.

In this study, we focus on the current-controlled DC/DC
boost converter. The switching action depends on its own
state and a time interval. This circuit exhibits rich nonlinear
phenomena including chaotic behavior depending on the
circuit parameter, and it is known that the switching ripple
becomes minimum when it behaves with period-one oscil-
lation. Therefore, we can say that we should to design the
suitable circuit parameters for making the circuit behave
with period-one oscillation. On the other hand, even if the
circuit exhibits chaotic behavior, we can control the chaotic
behavior to the unstable period-one oscillation by using the
chaos controlling technique. There are many chaos con-
trolling techniques [3, 4, 5, 6], and one of which is our
proposed technique [6].

This paper addresses to demonstrate application of our
proposed chaos controlling technique to DC/DC converter.
First, we show the circuit model, and then we explain be-
havior of the waveforms. Next, we define the discrete map,
and derive a controlling gain. Finally, we try to reduce
switching ripple of inductor current.

2. DC/DC boost converter and its control algorithm

Figure 1 shows the DC/DC boost converter, where the
circuit parameters are

R =70[Q], L = 1[mH], C = 100[uF],

r=1[Q], T = 17[us], L = 0.92[A], E = 15[V]. M

Note that the capacitor voltage is constant under this circuit
parameter, and we show the capacitor voltage as Ej in the
following. Therefore, the circuit equation is described as
follows.

Ldi E —ri, for switch is ON @
dt | E-Ey—ri, forswitchis OFF
The solution of Eq. 2 is
(io - —)e‘Z’ + —, for switch is ON
. r r
10 = E-E E-E
(io - O)e’f' + % for switch is OFF
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(3)
where iy is an initial value at r = 0. Here, iy is given by
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Figure 1: DC/DC boost converter
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Therefore, we have
E

=, 6
E (6)

where D + D’ = 1, and D is duty ratio. In addition, it holds
the following equation:

DI

Ey Ey1 i
T RD D’

1=
RD’

@)

and we get
ir = iD'. ®)

Based on Eq. (4), Eq. (6), and Eq. (8), i is rewritten as
follows: £ £
ip = iD= 70 =i 9)

By solving Eq. (9), we get
Eo = ViER.

In the following, we assume i = I, Where I is a refer-
ence value.

We now explain switching rule and its control algorithm.
The current-control is applied to turn on, or turn off, the
switch. We assume that the switch is ON at first position
at t+ = 0, and inductor current increases. If the inductor
current reaches the reference value s at t = 1, the switch
turns off and inductor current decreases. When the clock
pulse is applied at r = T, the switch turns on.

We control the switching action based on the algorithm
proposed in Ref. [6]. Therefore, the switch turns on at
t = nT +tyy + Atoy, Wheren = 1,2, 3, - - -, and At,, is defined
as follows:

10)

Aton = kAi,. an
In Eq. (11), k is a controlled gain described by
din+1
di,
k=- dir’ 12)
dton
and Ai, is a perturbation described by
Aiy = iy — ¥, (13)

where i, is inductor current at t = nT, i, is inductor cur-
rent at r = (n + 1)T, and i}, is fixed point.

3. Demonstration of application

Using the algorithm proposed in Ref. [6], and control-
ling the inductor current to unstable period-one oscillation,
we try to reduce switching ripple smaller.

The discrete map is needed for deriving control gain, and
it is illustrated in Fig. 3. In case-1, the switch keeps ON
during clock interval, and the discrete map i, is described
as follows:

E ) It

E
il Bem B
r r

On the other hand, switch turns off at t = nT +1,, in case-2.
Therefore, the discrete map i,4; is described as follows:

E-E,
r

Ey

r E -
)e_Z(T_tm\) + (15)

Int1 = (ln -

The differentials of Eq. (14) and Eq. (15) with respect to
i,, are described as follows:

_Ir

e’ for case-1
dine E - E
dLl."— = Iref - 0 . (16)
n —re*ZT, for case-2
E
Iref -
r

Likewise, the differentials of Eq. (14) and Eq. (15) with
respect to fo, are described as follows:

0, for case-1
din+1
Dl - (17)
E-Ey _:
dton %Iref — 0 e_T(T_t"“), for case-2
r

Because the fixed point satisfies i, = i, = i, it is de-
fined from Eq. (15) as follows:

E
EO Iref -
=20 +=  18)
n E - E v E
" (Iref - O)eizT - (Iref - _)
r r
Therefore, the control gain k is given by
E-E
Iref - 0 .
Iref - 7
k=- (19)
r E - EO _ I (T—t
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Figure 3 shows waveform of inductor current; (a) is over-
all view, where we start to control around ¢ = 0.9[ms], (b)
is enlarged view of uncontrolled waveform, (c) is enlarged
view of controlled waveform, and (d) is At,,. We observe
period-two oscillation under the circuit parameter shown in
Eq. (1) (see Fig. 3(b)). On the other hand, if we apply the

Iref Iref
i1 .
. ¥ In+l
i in9
>t : >t
nT (n+1)T nT (n+1)T
(a) Case-1 (b) Case-2

Figure 2: Inductor current observed in clock interval.
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Figure 3: Inductor current.

control method discussed in Sec. 2, the period-two oscil-
lation is controlled to unstable period-one oscillation (see
Fig. 3(c)). It is clear from Fig. 3(d) that the control is com-
pleted around ¢ = 6[ms], because Az,, = 0. We observe
that the switching ripple is reduced by using the control
method. We know that the circuit exhibits rich nonlinear

phenomena by changing the circuit parameter. The switch-
ing ripple reduction technique proposed in Ref. [6] is appli-
cable period-two or more oscillation including chaos, and
can reduce the switching ripple.

4. Conclusion

We demonstrated a switching ripple reduction technique
for current-controlled one-dimensional DC/DC boost con-
verter. First, we showed DC/DC boost converter, and then
we explain the switching events. Next, we introduced a
control method of switching action reported in Ref. [6].
Using discrete map, which is a sampling inductor current
at clock interval, we derive a control gain. Finally, we tried
to reduce the switching ripple of inductor current, and con-
firmed the effectiveness of the method.

The control algorithm is effective only for one-
dimensional DC/DC converters. In future, we improve the
control algorithm for n-dimensional interrupted circuits,
and confirm validity of the method.
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