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Implementation the Average Input Current Mode
Control of Two-Phase Interleaved Boost Converter
Using Low-Cost Microcontroller

Yin Yin Phyo, Tun Lin Naing

Abstract—In this paper, the average input current mode control is
proposed for two-phase interleaved boost converter with two separate
input inductors operating in continuous conduction mode (CCM).
The required mathematical model is obtained from the equivalent
circuits of its different four modes of operation. The small ripple
approximation is derived to find the transfer functions from dynamic
model using switching function. In average input current mode
control, the inner current loop and outer voltage loop are designed
with PI controller using bode analysis. Anti-windup structure is
applied for PI controllers in control system. Moreover, the simulation
work is carried out by MATLAB/Simulink. And, the hardware
prototype is implemented by using low-cost microcontroller Arduino
Nano. Finally, the laboratory prototype, available from the local
market, is constructed to validate the mathematical model. The
results show that the output voltage response is the faster rise time
and settling time with acceptable overshoot.

Keywords—Average input current mode control, interleaved
boost converter, low-cost microcontroller, PI controller, switching
function.

I. INTRODUCTION

N recent years, DC-DC converters are widely used in many

applications such as DC drives, computer power supply,
renewable energy source and automotive, power factor
correction and so on [1]-[3]. But, the conventional boost
converter has many disadvantages such as the large output
capacitor required to reduce the ripple voltage, larger input
current ripple and poor efficiency. Interleaved topology is
used to solve this problem. There are many methods to
analyze the converters. Banerjee et al. [4] presented the two-
phase IBC without considering all parasitic elements to find
the transfer function from the state-space averaging technique.
But, the state-space averaging method is sometimes complex
when the converter circuit contains many elements. Therefore,
the signal flow graph (SFG) nonlinear graphical modeling
method was developed for PWM converter to solve the above
problem in [5]. But, these methods are complex and many
mathematical equations are needed.

The IBC has right-half plane zero (RHPZ) in output voltage
to control transfer function. But, transfer functions of inductor
current for two-phase IBC do not have the RHPZ. RHPZ zero
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can cause the system step-response slower and make the
response reversed overshoot. The input current is high during
starting although the output voltage is regulated in voltage
mode control [6]. Therefore, the current mode method is
important in order to avoid these effects. There are many
current mode control methods such as average current mode
control, peak current control and slope current control. Among
them, average current mode control method is proposed in this
paper because this method is easily to compensate the system.

Fellipe [7] studied the six-phase interleaved double dual
boost converter and the output is controlled using current
mode control. The output of voltage controller is used as the
reference of current loop (internal loop). Kolluri and
Narasamma [8] presented the average current mode control for
two-phase IBC using independent current loops and then
realized the controller using three OPA606 op-amps, three
SG3524 modulator ICs. Chen et al. [9] proposed decoupled
current-balancing control (DCBC) with the voltage-regulating
loop and current balancing loop are parallel for two-phase
IBC.

Two current sensors are required to implement current
balancing function for two-phase IBC [10]-[12]. The current
sensing is an important function for current control of the
converter. Some papers proposed several circuit topologies
and control schemes to reduce the number of current sensors
[8], [13]. Moreover, many control methods are proposed in
[14]-[18], such as voltage mode control, current mode control,
sliding mode control, predictive control, one-cycle control and
so on. These proposed control methods are used to improve
the voltage regulation. The controller designs of these methods
are more complicated, although their performance is good.

The first objective of this paper is to derive the transfer
function from small-signal analysis using dynamic model with
switching function. This approach is distinct from other
methods [4], [5]. This method is easier to achieve the transfer
function with minimum mathematical equations.

The second objective is to implement the average input
current mode control of a two-phase IBC using low-cost
microcontroller as described in [19], [20]. In this regard, this
paper proposes the low-cost microcontroller Arduino Nano.
There are many reasons for using it. Firstly, it is small, cheap
and compact. Secondly, the use of software programming and
hardware implementation is easily understood and friendly
than the other microcontrollers. Thirdly, it can be easily
obtained from the market in Myanmar.

The remaining sections of this paper are described as

755



International Journal of Electrical, Electronic and Communication Sciences
ISSN: 2517-9438
Vol:12, No:10, 2018

follows: The mathematical modeling of two-phase IBC is
described in Section II. The PI controller gains for inner
current loop and outer voltage loop are calculated in Section
II. Simulation and experimental results are discussed in
Sections IV and V. Finally, this paper is concluded in Section
VL

II. MATHEMATICAL MODELING OF TWO-PHASE INTERLEAVED
B0OST CONVERTER

The two-phase interleaved boost converter with control
scheme is illustrated in Fig. 1. The two-phase IBC consists of
separate input inductors L; and L,, switches S; and S,, diodes
D, and D, and the same filter capacitor C at the output. The
switches S; and S, have the same switching frequency. The
load is represented by a resistor R. The inductor stored and
released energy when the switch is ON and OFF. The
capacitor is used for filtering the ripple in the output voltage
V,. The gate signals of switches S; and S, are represented by
u; and u,. The possible values of gate switches are u, € {0,1}

and u, €{0,1}, in which 0 and 1 represent OFF and ON states

of the power switches. And, the gate signals u; and u, are
shifted by 180 degrees.

L
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PI controller with il ><|- «=  controller with
anti-windup A_k anti- windup

Fig. 1 Circuit diagram of two-phase IBC with control scheme

In proposed control scheme, outer voltage loop and inner
current loop are contained. PI controller with anti-windup is
designed for both control loops. The input voltage range of
microcontroller is 0-5 V. Therefore, it is needed to reduce the
converter output voltage. R; and R, are applied to solve the
problem by using the voltage divider method. It helps send the
converter output voltage to the microcontroller. The reference
current (irr) is the output signal of voltage controller and the
duty cycle (d) is the output signal of current controller. This
duty cycle is used to generate the PWM signal. These PWM
signals are fed into the gates of the switches u; and u,.

A. Switched-Function Model
The system has four logics because the gate signals of u;

and u, have two states (i.e. 0 and 1). Therefore, the system
operates in four modes. The inductor resistance is considered
in this paper but the parasitic elements such as MOSFET ON
resistance, diode voltage drop and capacitor parasitic
resistance are not considered. The converter is assumed as
operating in CCM. Also, it can be assumed that the values of
separate input inductors L, and L, are identical. The
equivalent circuits of four modes are shown as the following
figures.

Mode 1: u;=1 and u,=0. Fig. 2 illustrates the equivalent
circuit of mode 1.

Lin 4

Vi—,

ulp

Fig. 2 Equivalent circuit for Mode 1

For equivalent circuit of Mode 1, the following differential
equations are obtained by applying Kirchhoff's voltage and
current laws.

di
Li;il =V, —riy (M
di .

L%:VS_NLZ_Vo @

d
B2 g

Mode 2: u;=0 and u,=1. Fig. 3 shows the equivalent circuit
of mode 2.
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Fig. 3 Equivalent circuit for Mode 2

For equivalent circuit of Mode 2, the following differential
equations are obtained by applying Kirchhoff's voltage and
current laws.

—==V,=ri; -V, “4)
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Mode 3: u;=u,=1. Fig. 4 illustrates the equivalent circuit of
mode 3.
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Fig. 4 Equivalent circuit for Mode 3

IR

For equivalent circuit of Mode 3, the following differential
equations are obtained by applying Kirchhoff's voltage and
current laws.

L —y i 7)
di s T (
di
L2 -y —pi ®)
dt s 1o
cPo _ Yo 9)
dt R

Mode 4: u;=u,=0. Fig. 5 shows the equivalent circuit of
mode 4.

1in‘

Vi—

Fig. 5 Equivalent circuit for Mode 4

For equivalent circuit of Mode 4, the following differential
equations are obtained by applying Kirchhoff's voltage and
current laws.

L9y, —riyy -, (10)
di )
L%=Vs—rz“—vo (11)

dv v
CZo = 4, -2 (12)
dt i R

The following differential equations are presented by using
switched-function.

di .
L—dil =V, —rip —(1-uy )v, (13)
12y i, 1-uy )y, (14)
dt
Cﬂ:ﬂ*”])’il‘“(l*uz)hz*vfo (15)
dt R

B. Steady-State Equations of the System

The average model of the system is used to obtain the
steady-state equations. The average positions d; and d, replace
the switch positions u; and u, in (13)-(15).

dip,

L =V —ri, —(1=d, ¥ 16
dt s —rip—( 1V, (16)
i, . _
LELL —y iy, —(1-d, )7, (17)
dt
Lo _(1-dy )iy, + (1= dy )iy - 22 (18)
dt R

whereas, u; =d,; €[0,]] and u, =d, €[0,]] are the average
positions of the switches. The values of d; and d, are the
addition of average and small signal value.

dl:D1+a~’l and aIZ:D2+a72 (19)

If d<<D, d is neglected by using small-signal
approximation. d; and d, are equal to D in steady-state
condition. Therefore, d;=d,=D.

0=V, ~rl,,~(1-DJV, (20)

0=V,~rl;,~(1-DJV, 1)
V.

OZ(I_D)[L]'F(]_D)ILZ_?? (22)

In matrix form, (20)-(22) can be represented as:

r 0 (A-D)|(I1,) (V.
o+ D)1=, (23)
(1-D) (1-D) —% Ve

Equation (24) is derived by using (23) and it represents the
steady-state condition of the system.
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C.Small-Signal Transfer Function

The average model is used to find the transfer function from
small-signal analysis. The average value of this system is the
addition of large-signal and small-signal value.

=l —ri, =V, -V

DV, +Dv, +dV, +a7\30](25)

dt

i, +le) _ Ve
L L

d(1L2+;LZ) _ V\-_rILz_”TLZ_V;_‘;
L L

DV, +Dv, +dV, +d~\70J(26)
dt

I7+iy = DIy, - Diyy —dl,, —diy,
AV, +7,) _ c i
dt I,yvi;,—DI, —Dijy—dl;, —di, ——2>——2
. R_R

27

c

The small-signal model is obtained by neglecting the non-
linear and steady-state terms in (25)-(27). In matrix form, the
small-signal model can be represented as:

Verror iref

[, D v, 1

dgt L Lo\l L L

| g L Dyl Yo J+| L]y 29
dt L L || 2 L L\
&, | | D D1 Vo] | _(ntln) 0

dt C C RC C

The steady-state value of output voltage (V,) and inductors
current (I },I;,) from (24) are substituted in (28). The transfer
functions of two-phase IBC are obtained from (28) by using
Laplace transform. Equation (29) is the transfer functions of
two-phase IBC.

(2D'RV, )(RCs+2)
in(s) (2D"*R+r)(r+Ls+2D"*R+ RLCs + RCrs)
7 (2D'RV, )(RCs+2) ~(29)
afs)|= 2 2 > d(s)
T (s) (2D'“R+r)(r+Ls+2D'"R+ RLCs” + RCrs)

—(2RV,)(-2D"*R+r+Ls)
(2D"*R+r)(r+Ls+2D"*R+ RLCs” + RCrs)

III. CONTROLLER DESIGN

The input of the voltage controller is the error between the
comparison of reference voltage (V) and converter's output
voltage (V,) as shown in Fig. 1. The voltage controller
generates the average input current reference (i.f) and the
current controller determines the duty cycle (d) value. The
converter's parameters are shown in Table 1. The desired
output voltage (reference voltage) is defined as 24 V. Fig. 6
illustrates the closed-loop control diagram for two-phase IBC.

o) 1] G L] Gulo) oo

v Voltage Current
actual | |
Controller | Controller |
,,,,,,,,,,,,,,,,,,, ] (——— Ialctual
Fig. 6 Closed-loop control system of two-phase IBC
TABLEI Lerror
CONVERTER PARAMETERS ) d )
Parameters Variables ~ Values  Unit Tref Gei(s) > Gip(s) - 11.=1d
Suppl. 1t Vs 12 v . K oo
ou}:p ytvoltage v, 24 % Lo , Current |
Hput vortage ° | Controller |
Inductors L,L, 2 mH L ___ |
Inductor resistance r 0.2 Q
Capacitor C 470 uF Fig. 7 Block diagram for average current loop control
Load Power P, 32 W
Load resistance R 18 Q Control to average current transfer function is calculated
Duty cycle D 50 o from (29) by using converter's parameters of Table 1.
Switching frequency f; 4 kHz

A. Controller Design for Average Current Loop

Fig. 7 shows the block diagram of average input current
loop with PI controller. The high frequency pole is included in
current controller.

TN
:iL(s)= d(s) d(s)
d(s) 2

Gip (S)
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1.827s +432 (30)
0.0001557 5% +0.03397 s + 84.64

Gy(s)=

Equation (30) can be represented as in (31). This equation is
obtained from [21].

Gyp(s5) = Gppo x ————=—— €2))

where @, is the zero frequency, ®, is the resonant frequency
and Q is the quality factor. The uncompensated current loop
gain G,y(s) is equal T,(s). Therefore,

T.(s)=Gy(s) (32)

The bode diagram of control to average input current
transfer function is shown in Fig. 8. In bode diagram, the gain
margin (Gy,) is infinity and phase margin (P,,) 90 degrees. The
zero dB crossed frequency is called the cut off frequency (f.).
The cut off frequency of uncompensated control to output
voltage transfer function has 2 kHz.

40

Gain(dB)

. Phase(deg)

T
|
[N |
B Iy R I [ I Ry T

10° 10 10° 10 10
Frequency(Hz)

Fig. 8 Bode diagram of uncompensated control to average input
current transfer function

The current controller is chosen as a proportional integral
(PI) controller. The simple PI compensation law is shown in
(33).

Gpl(s)=GP1(oo){1+@} (33)
S

A high frequency pole is included in compensated transfer
function to remove the harmonic content from the switching
frequency. The value of high-frequency pole (@yr) is half of
the switching frequency (f;), that is, at 12566 rad/s. The
transfer function of controller is described in (34).

G.(s)= GPI(OO)|:1+%:|X;S (34

Dyr

The sample time is defined as 2 ms. In order to calculate the
controller gains, cut off frequency (f;) is equal to the sampling
frequency as 500 Hz. The desired phase margin is defined 70
degrees at cut off frequency 500 Hz. The phase lag is added to
get the desired phase margin. The phase leg is obtained from

(35).
tan_l[f;]:[an_l[soo)zl4o (35)
.fHF 2000

pL =70 +14° =84°

The magnitude and phase of the system uncompensated
loop gain are calculated at the target cut off frequency.

T,(jw,)~3.953=>11.94B
T(jo.)~-90° (36)

The unknown PI coefficients Gp;(0) and wp; are calculated
as follows. The value of wp, is derived based on the required
phase margin as shown in (37):

—”+mn1( De J+LTH(ja)C)=—7r+p,’n 37)
2 @py

and the value of Gpj(®) is imposed by the desired cut off
frequency in (38):

2
Gp,(oo)x‘/n[ e ] x|T,( joo, ) = ¢ (38)
@py @py

According to (37) and (38), the value of Gp,(©) and @y, are
0.252 and 330.25 rad/s. The values of Gp; () and wp; are
substituted in (33).

GP,(s)=0.252{1+ 330'25} 39

N

If Gp(s) is transformed into (k,;+k;/s), the resulting k,; is
found 0.252 and £; is found 83.233. The compensated control
to average input current transfer function is shown in Fig. 9. In
bode diagram, the desired phase margin (P,) is obtained by
using these gains. The value of Gpj(®), wp; and wyr are
substituted in (34). The compensator transfer function is

3167s+1.05x10°
Gls)=—F——— (40)
s*+12566s
B. Controller Design for Voltage Loop

The closed-loop control diagram of two-phase IBC for total
system is illustrated in Fig. 10.
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Fig. 9 Bode diagram of compensated open-loop control to average
input current transfer function
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Fig. 10 Block diagram for voltage loop control
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Fig. 11 Bode diagram of uncompensated output voltage to average
current reference transfer function
The system transfer function (v,(s)/ Zef (s)) with average

current loop and voltage to diode transfer function is derived
as shown in (41):

_V(s) _V(s) iy(s) a1
Gl =7 ) ) Ty (s) @b

The voltage to diode transfer function is

v,(s) R
i(s) 1+RCs

G(s)= “2)

and G (s)/ Zef(s ) is obtained from the closed-loop transfer

function of inner average current loop.

The bode plot of output voltage to average current reference
transfer function is shown in Fig. 11. In bode diagram, the
gain margin (G,,) is found 14.5 dB and phase margin (P,,) is
found 56.5 degrees. The cut off frequency of uncompensated

output voltage to average current reference transfer function
has 300 Hz.

The voltage controller is chosen as a simple proportional
integral controller. The PI compensation law is obtained from
[20] and described in (43):

G, (s)=G( )[1 + ﬂ] (43)
S

In order to calculate the voltage controller gains, the cut off
frequency (f.) is chosen as 20% of sampling frequency. Line
frequency (fp) is taken as 50% of cut off frequency. The
magnitude of @ is calculated as 314.16 rad/s. According to
Fig. 11, gain at 100 Hz is 9.6 dB. G(w) is calculated as 0.3311
from:

20logG(©) =-9.6dB

G(cc) and o are substituted in (43).

G, (s)= 03311110402 (44)
S

If G..(s) is transformed into (k,,+k;/s) format, the resulting
k,, and k;, are found 0.3311 and 104.02. The compensated
transfer function is shown in Fig. 12. The system of magnitude
and phase are 23.1 dB and 73.6 degrees in bode diagram.
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Frequency(Hz)

Fig. 12 Compensated open-loop output voltage to average current
reference transfer function

Fig. 13 shows the bode diagram of choosing the controller
gain based on the sampling frequency. The sample time is
very important for the microcontroller. Moreover, the cut off
frequency depends on the sampling frequency. In bode
diagram, the system response is slow and more oscillating
when the cut off frequency is less than the sampling
frequency. The smaller cut off frequency means the smaller
bandwidth of the system. The smaller bandwidth causes the
system step-response slower. Therefore, the cut off frequency
is chosen equal to the sampling frequency as 500 Hz in this
paper.

Fig. 14 illustrates the bode diagram of overall open-loop
transfer function of two-phase IBC with various loads. The
value of controller gains is used from Table II. The increasing
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of load can cause the system step-response slower and damp
according to Fig. 14. When the load is decreased, the system
response is faster but more overshoot. Therefore, the rated
load resistance is defined 18Q to find the controller gains.

These controller gains are applied for simulation and
experiment using anti-windup. The PI controller with anti-
windup structure is shown in Fig. 15.

IR IR [N [ [N fs=500Hz
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Fig. 13 Bode diagram of choosing the controller gain based on the sampling frequency
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Fig. 14 Bode diagram for compensated overall open-loop transfer function with various loads
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Fig. 15 Simulink blocks of anti-windup structure
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There are many methods for anti-windup control. Among
them, back calculation method is used in this paper. The
output voltage response of converter becomes more overshoot
by using a simple PI controller. It can damage the connected
load. Therefore, anti-windup control is used to prevent
integration part from going too high and instability. The
system response achieves better transient performance using
PI controller with anti-windup control compared to without
anti-windup control for converter [11]. The values of
controller gains are described in Table II for current and
voltage loop.

TABLEII
CONTROLLER GAINS VALUE
Controller Gains Values
Current proportional gain, ky; 0.252
Current integral gain, kj 83.223
Voltage proportional gain, ky, 0.3311
Voltage integral gain, ki, 104.02

IV. SIMULATION RESULTS

The construction of power converter design consumes more
time and cost. Simulation study is done to predict the dynamic
performances of the system before the actual test. The
simulation work is carried out by using MATLAB/Simulink.
The simulated transient waveforms of two-phase IBC with
input voltage change are shown in Fig. 16 for closed-loop
control. The load resistance 24Q is defined for input voltage
changes. The simulation running time is defined as 10 s.

The start-up response of output voltage reached the steady-
state condition at 0.1 s and is found a little overshoot about
8.33%. The output voltage (V,,) suddenly changed during
disturbances but it immediately reached to its set point. The
magnitude of input current (I;,) is varied under line and load
perturbation.

Input voltage change| |Input voltage change
from 12 to 10V from 10 to 12V
T T T
VooV e
: : : :
f f f f
Vou L
Wolpgyg 1
————— - - F ==
| | | |
? ? ? ?
[in] .lAi T To6Al ~ N
| e T f
1 1 f f
Wowl 0+ o ]
, , l
| | | |
[Duty cycle] : m :
T T T T T T
e L et

Input voltage change | | Input voltage change
from 12 to 15V from 15 to 12V

y

1

T I
e TV AR e
e e e —
————— - - - ————4+-——— - - - -

| | | |

1 1 1 1
[Voul] 1 “F :
————— - - - -~ -—-—-—Ff--—-—-—d-—-—-———

| | | |
T e S

2.1A

(b)

Fig. 16 Simulated transient waveforms of two-phase IBC with input
voltage change from (a) 12 to 10to 12 V and (b) 12to 15t0 12V
Fig. 17 presents the simulated transient waveforms of two-
phase IBC with load change for closed-loop test.

Load change
from 24 to 18Q

Load change
from 18 to 24Q
2

¥
[Vial f f f

[IOL\[] - 7 - 7:7 - 1.33A T 7: 777777
.
[Duty cycle] I I I
! ) ! |
|
051 | |
‘ , , e

Fig. 17 Simulated transient waveforms of two-phase IBC with load
change from 24 to 18 to 24Q

The magnitude of load current (L) is constant although the
magnitude of input voltage (V;,) changed. But, it is varied
when the magnitude of load is changed. The magnitude of
duty cycle is changed depending on the magnitude of input
voltage and load. In Fig. 17, the duty cycle is varied from 0.51
to 0.515 when the magnitude of load is increased from 24 Q to
18 Q.

According to the simulation results, it can be found that the
output voltage response is constant during disturbances such
as line and load perturbation. The practical work is carried out
in next section to validate the proposed approach.

V. EXPERIMENT RESULTS

The following results are obtained by using the parameters
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listed in Table III. The other parameters are the same as the
converter's parameters in Table I.

TABLE Il
EXPERIMENTAL PARAMETERS

The proposed two-phase IBC with low-cost microcontroller
has been implemented in Fig. 18. The experimental setup of
the converter is shown in Fig. 19. Experimental results are
generated by wusing Arduino Nano microcontroller. In
experimental setup, the two Arduino Nano boards are used.

Parameters Value/Type X .
_ 470 uF, 50V One board is used as the compensator and another is used as
Capacitor Electrolytic capacitor the pwm generator. The compensator generates the pwm and
Load 24V, 8 W Lamp RC low pass filter is used to obtain the duty cycle command.
MOSFET 55V, 49 A, IRF Z44
Diode 800V, 3 A, BY 399
i Ly D
1 1
; Kl— B
ACS712 _ " .
=_0 48] E
U_E} —E]' C= e
+ f 3 ‘%n
Vi ;‘
/
Totem Pole
Driver Circuit RC Low Pass
wTh wT Filter
ot WL Ipin 5
- I -
Pin 11 i
PWM
Generator
5V Power I[
- -
Host Computer

Fig. 18 Hardware setup of two-phase IBC

Fig. 19 Experimental setup with Arduino Nano microcontroller

Fig. 20 shows the closed loop control system using

MATLAB with Arduino IO package.

The experimental results are obtained by using Arduino 10
package and the sampling time is set as 2 ms. Experimental
transient waveforms of two-phase IBC with input voltage
changes are shown in Fig. 21 for closed-loop control. Fig. 22
illustrates the experimental transient waveforms of two-phase
IBC under load perturbation.

The output voltage (V,) response does not dramatically
change under line and load perturbation. The input current (I;,)
suddenly changed from 2.1 to 1.8 A because of increasing the
input voltage (Vi,). When the input voltage is decreased, the
input current increased from 2.1 to 2.6 A. Due to the increased
load, the input current varied from 2.1 to 2.75 A and the
output current (I,,) increased from 1 to 1.33 A.
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It is observed that the experimental results are similar to
simulation results; the steady-state output voltage is regulated from 12 to 15V from 15 to 12V
during line and load perturbation. Therefore, the proposed
converter gives satisfactory results in the closed-loop system.

Fig. 20 Simulink model of closed-loop control with Arduino IO library blocks

Input voltage change
from 12 to 10V

Input voltage change
from 10 to 12V

T I
v R T R
: I I : I I I I I
—t
NVeol gy 7~
B e e e e e e L I
I I I I I I I I I
e e I s
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1\ T ; I I I I I j\
PRIV S s st gy st s
D S e
[Duty eyelel 7
Cdosi T T s

Input voltage change | |Input voltage change

(b)

Fig. 21 Experimental transient waveforms of two-phase IBC with
input voltage change from (a) 12 to 10 to 12 V and (b) 12 to 15 to 12
v

VI. CONCLUSION

This paper presents the proper PI controller design for
average input current mode control of two-phase IBC. The
experimental results are presented by using low-cost Arduino
Nano microcontroller to validate the simulation results. In
simulation results, the output voltage response is smooth
compared to experimental results. The input current and
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output current also have noise in experimental results because
of using current sensor. But, the magnitude of the responses in
simulation and practical results are nearly the same. It can be
concluded that the average input current mode control of two-
phase IBC using low-cost Arduino Nano can give the
satisfactory response.

Load change Load change
from 24 to 18Q from 18 to 24Q
v v
T iR T I
[Vin] | | |
I I LB — |
l l l l
f f f f
[Vom],,,,:,,,,,,: 77777 L 777777
L e F-—-——F--—--= === - =
| | | |
f f f f
L] A
T S ——
| | : |
f f i f
[Touw] : 1.33A :
' | 1 |
[Dutycycle]iiitiiiil 77777 1 777777
| | |
" - ‘ — — e T T T T T VL,, |
0.51 ! ! 142_S>

Fig. 22 Experimental transient waveforms of two-phase IBC with

B3]

[10]

load change from 24 to 18 to 24Q
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