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Abstract:

This paper aims to design P, PI, PID compensators for
the control of Synchronous Buck converter to improve
its conversion efficiency under totally different load
conditions. Since the diode rectifier is replaced by a
high frequency MOSFET switch, the Synchronous
control technique itself can be enough under serious
load condition, to attain higher normal mode
performance. However, this system does not hold well
in light load condition, attributable to enhanced
switching losses. A replacement control technique
accompanied with P, PIl, PID compensators is
introduced within the paper can modify synchronous
buck convertor to comprehend ZVS, while feeding
light loads. This is often conjointly least price and
extremely economical simple technique while not use
of additional auxiliary switches and RLC components.
This control technique conjointly proved to be efficient
under input voltage variations. Simulation is done in
MATLAB Simulink for proving stabilization provided
by P, PI, PID compensators for synchronous buck
converter.
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1. Introduction:
The synchronous buck DC-DC device consists of two
MOSFETS that are synchronized in operation.
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The auxiliary MOSFET is employed in place of
freewheeling diode in order that physical phenomenon
loss is reduced. Synchronous Buck converter is
analogous to the traditional asynchronous buck
converter except the freewheeling diode is paralleled
with Synchronous switch Q2. It is known as a
synchronous buck converter as a result of the
Synchronous switch Q2 is synchronously turned on
and off with the main switch Q1 operation and is
shown in figure I. The primary idea of a synchronous
buck converter is to utilize a MOSFET as a rectifier
that has terribly low forward voltage drop compared to
a diode rectifier. By lowering the forward voltage of
diode, the efficiency for the conventional buck
converter can be increased.

Thus, the synchronous buck topology has improved
efficiency and synchronous rectifier (SR) switch
(MOSFET Q2) needs a PWM signal that's the
complementary of the first PWM signal. The SR
switch Q2 is turned on once main switch Q1 is off and
vice versa. This PWM format is termed
Complementary PWM. The body diode of MOSFET
Q2 acts as a slow rectifier and would add solely
allowable losses. As a result of the synchronous
rectifier switches with lower than a Voltage across
itself, the switching losses are virtually zero. The
MOSFET physical phenomenon losses are much lesser
compared to the forward voltage drop of Schottky
rectifier.
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Synchronous Rectification will increment switching
converter efficiency considerably with minimum cost.
Throughout steady state situations, this switching of
main and auxiliary MOSFETs ON and OFF
complementary to every alternative maintains Vo to its
desired worth. Therefore there is a desire to reduce
switching losses using control techniques and to
enhance the light load efficiency.
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Fig. 1 Synchronous Buck DC-DC Converter

Many techniques are planned to scale back the
switching losses arising from switching frequency.
Pulse Width modulation (PWM), Pulse FM (PFM)
Control and double-mode control with pulse width
modulation (PWM) and pulse FM (PFM) are wide
used. According to the previous researches, the PWM
controlled device has lower conversion efficiency than
the PFM-controlled device in light loads, whereas in
heavy load condition, the PWM-controlled device
possesses higher conversion efficiency compared to
PFM. Therefore, some studies set to combine the
benefits of each the control ways to create a
replacement control methodology known as twin mode
control. PFM is employed in light load condition,
whereas PWM is chosen in high load condition. This
methodology can do higher efficiency and additionally
the nonlinear inductor is employed for lowering
switching frequency at light load condition. However,
giant output voltage transients and sub harmonic noise
happens throughout transition between PWM and
PFM. The change frequency is unpredictable and
additionally needs sophisticated fabrication materials
as a result of the variable frequency operation.
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However alternative technique specifically resonant
gate drive uses an inductor and two diodes provided to
clamp and recover drive energy (clamped gate
voltage). Additionally the circuit temporal order is
adjusted to cycle electrical inductor current throughout
driving transitions (fast driving speed). However the
need of additional auxiliary switch and passive parts
and gate-source voltage over drive are its
disadvantages. Many techniques like zero voltage
switching (ZVS) and digital control, are used, however
the applications of those techniques appear to be a lot
of sophisticated. ZVS and also the digital control
technique have higher performance however want
further auxiliary switches and RLC passive parts.
Moreover, the controller used could be a digital system
processor which is able to result overall cost to be
high.

The new control strategy with P, PI, PID compensators
during this paper allows an SR buck converter to
possess increased light load potency with ZVS
technique while not the need of additional auxiliary
switches or RLC passive parts. This control
methodology is of least price and also the technique is
additionally straight forward. Moreover, the output
voltage V(t) should be kept within nominal limits no
matter the changes within the input line voltages and
output loads. This is often accomplished by using
negative- feedback system, wherever device output Vo
is compared with its reference worth Vo,ref. The
compensated error amplifier (P, Pl, PID compensator
network) produces the control voltage that is employed
to regulate the duty cycle (d) of the switches within the
converter.

2. Operating Modes:

The operation of a Synchronous buck convertor
classified into eight stages based on the status of the
two switches and load conditions. The oscillograph of
the inductor current and control signals within the
eight operative stages of Synchronous buck converter
is shown in Fig. 3.
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Based on the various load conditions whether heavy
load or light load and according to the ways introduced
here, there are two types of operating stage
combinations.  The  primary operative  stage
combination is within the heavy load condition, i.e.,
Stage 1- Stage 2; whereas the second operative stage
combination is in the light load condition, i.e., Stage 1-
Stage 6.

The following assumptions are created to modify the
analysis.

1. The output load voltage is assumed as constant
voltage source owing to giant output capacitance.

2. No losses occur in any part of the circuit, i.e. all
components in the circuit are assumed to be ideal.

2.1 Light Load Condition

A. Stage 1(t0 -t1):

In this state, the main switch Q1 is turned ON and the
SR complementary switch Q2 is made to turn OFF.
The path of conduction is shown in Fig. 2

i, () =iy (ty) + w (t—tg)

€
The inductive current equation is given above is same
as that of stage 1 of heavy load condition.

B. Stage 2(t1- t2):

At the instant of t1, the SR complementary switch Q2
is switched ON and the main switch Q1 is made to turn
OFF. The path of conduction is shown in figure Il. The
inductive current equation and the parasitic capacitive
voltage equation is the same as that of stage 2 in heavy
load condition and can be expressed as

(=Vo)
L

t'E‘o:zl[:r:} = Irrm

I;_(t}=f;_(t1)+ (t—ty)

)

C. Stage 3(t2- t3):

The current through the inductor has dropped to zero at
the time instant t2. To avoid energy losses in the SR
buck converter, the SR switch Q2 is made to turn OFF.
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In this stage, the output inductor L begin to resonate
with the parasitic capacitors Coss of switches Q1 and
Q2 , which makes Cossl to be discharged and other
Coss2 to be charged. The inductive current iL(t) and
parasitic capacitive voltage Vcossl can be given by:

W
i) = E"smw(: - t5)
L‘Cossl(t} = (Vi — Vo) + Vo cosaw(t —t,)

Where

3)
_1 3
iw=—= ;C=20pgs= 2Cpgs1 = 20pss2

D. Stage 4(t3- t4):

In Stage 4, the main switch Q1 continued to be turned
OFF, while the SR switch Q2 is turned ON. As a
result, the voltage across the inductor is vL = -VO ,
which makes the inductor L to be energized and the
inductive current increases linearly in opposite
direction.

zdﬂ=—%ﬂ—%}
()

UVroz=1 {.[} = lVl: n

E. Stage 5(t4- t5):

Stage 5 is the period for resonance. The main switch
Q1 and the SR switch Q2, both are made to turn OFF.
The SR rectifying switch Q2 is not conducted while
the inductor current should be continuous. This current
enables Cossl to be discharged and Coss2 to be
charged, until the voltage across the parasitic capacitor
Cossl of switch Q1 is discharged to zero, and the
voltage across the parasitic capacitor Coss2 of switch
Q2 is charged from zero to a voltage Vin. The
inductive current iL(t) and parasitic capacitor voltage
VCossl(t) of switch Q1 are calculated as:

Vi
i, (t) = Easmw{: —t;)

Vepss1(t) = (Vin — Vo) + Vg cosw(t — ty)

)
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Fig. 2 Operating stages (stagel —stage6)
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Fig. 3 Oscillogram of voltages and inductor current
under different load conditions

F. Stage 6(t5- t6):

In Stage 6, the main switch Q1 and the SR rectifying
switch Q2 are continued to be turned OFF. Though,
the parasitic capacitance Cossl has been already
discharged in the previous stage, while Coss2 has been
discharged by inductive current. The body diode D1
will be conducted. The zero voltage condition of Q1
has been achieved in this stage. iL(t) and vCoss1(t) of
switch Q1 are given as:

V. =V5)
i (£} = i_._t_!5J+"‘T"|;: - tg)

1'--‘,.,||.|'.F = 0 (6)

According to the previous clarification, the
synchronous buck convertor is operated in
discontinuous mode (DCM) while operated in light
load condition. Whereas the inductive current becomes
lesser than zero, the SR rectifying switch Q2 continued
to be conducted. This may lead to the decrease in
conversion efficiency of the synchronous buck
converter.
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The SR rectifying switch Q2 is conducted at the
second time in one switch cycle makes the main switch
Q1 to be conducted with ZVS and increment the
efficiency in light load condition. Finally, the control
technique used here has the subsequent deserves.
Under heavy loads, Synchronous technique is
employed to cut back conductivity losses whereas
under light loads, ZVS technique is achieved to cut
back switching losses.

3. Control Strategy:

The control structural circuit diagram of the
Synchronous buck converter is shown in Fig. 4. It is
often conjointly seen that, there is another zero current
detector (ZCD) circuit within the main frame, when
put next with the traditional Synchronous buck
converter. The ZCD circuit is especially used to sense
the inductive current and to get the right signals for
achieving ZVS in light load condition.

Fig. 4 Control circuit structural diagram of an SR
buck converter

4. P, PI, PID Compensator Design:

A buck converter with voltage-mode control and
voltage-mode error amplifier are often stable with the
help of  proportional-integral-derivative ~ (PID)
compensator. By keeping the ZVS logic circuit apart,
the total circuit can be modeled with three blocks as
painted in figure V. the power stage (Gp(s)) includes
the power switches, the drivers and also the output
inductor and output capacitor.
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The model of the PWM generator is just represented
by 1/ Vosc, wherever Vosc is that the peak to peak
amplitude of the oscillator voltage (saw-tooth). The
compensator block (H(s)) indicates the error-amplifier
with the compensation network.

Gl
Compensator 4 Gp(s)
V,,,,-+ H(s) Ve IL A9 Power Stage
- PWM IGlnna rator
1
k[

Fig. 5 The block diagram model of the synchronous
buck converter

5. Simulation and Results:

The proposed synchronous buck DC-DC converter
with P, PIl, PID compensator control is simulated and
the simulation model is presented in the MATLAB
Environment.

=
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Fig. 6 Simulink model for the control of SR buck
DC-DC converter with P, PI, PID Compensator

A. Sync Buck Converter with P compensator
Proportional controller gives the proportioned output
value.

Fig 7. Response of Sync Buck Converter with P
compensator
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B. Sync Buck Converter with Pl compensator:

Fig 8. Response of Sync Buck Converter with Pl
compensator

C. Sync Buck Converter with PID compensator:

Fig 9. Response of Sync Buck Converter with PID
compensator

Efficiency Comparison of Controllers:

3556

- il §7 97 313
- D 9058 210

Table 1. Efficiency comparison of controllers

6. Conclusions:

The P, PI, PID compensator network for the control
strategy applicable to a Synchronous buck convertor
below any load condition is intended and simulated by
analyzing the convertor in operation principles. Under
heavy load condition, Synchronous technique is used
to reduced conduction losses whereas under light load
conditions; ZVS technique is achieved to reduce the
switch losses.
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This is the control strategy adopted for Synchronous
buck convertor to operate under any load conditions.
This control technique has two advantages. First, due
to the Synchronous technique, the diode of output
rectifier is replaced by a MOSFET. This can facilitate
to reduce conduction losses and increase the
conversion efficiency of the convertor. Second, once
the convertor is operated in light load condition, ZVS
will be achieved successfully with none auxiliary
switch or passive components(R, L, and C). In
different words, there is no need to add additional cost
in the convertor, and therefore the conversion
efficiency of the converter may also be increased in
light load condition. This new control strategy with
Type IlI-A P, Pl, PID compensator has higher
conversion efficiency than the conventional control
technique in light load condition. Simulation is
completed showing the voltage mode control of
Synchronous buck convertor stabilised with sort 11-A
P, PI, PID compensators and ZVS management logic
circuit using MATLAB/SIMULINK.
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