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Abstract

This paper presents a novel Synchronous buck converter for portable systems. A
zero voltage transition is incorporated and designed to operate at high efficiency
and lower voltage. The conventional PWM synchronous buck converter is
modified by connecting a new passive auxiliary circuit. This auxiliary circuit
offers ZVS (zero-voltage switching) for the main switch. Hence this auxiliary
circuit enables the circuit with less switching losses and high overall efficiency.
Comparative analysis of Synchronous and basic Buck converter is presented using
MATLAB/Simulink software and the superiority of auxiliary circuit is proven by
the simulation results.

Keywords. Buck Converter, Efficiency, Auxiliary circuit, Synchronous

1. INTRODUCTION

Nowadays, low voltage supplies are gaining their importance in consumer
electronics. Due to low conduction losses, synchronous rectifiers are used in most
of the LVDC power supplies. A synchronous rectifier [1,11] is an electronic
switch that improves power conversion efficiency by offering low conduction
losses in a SMPS [6]. Even then, the conversion efficiencies are being decreased
due to high input and low output voltages [1,4]. To increase efficiency of the
synchronous buck converter, soft-switching techniques [2,10] are adopted, which
in turn reduces switching losses. Implementing ZVS [3] offers low conduction
losses as its operation is closer to the PWM converters [12]. Just before the instant
of turning on of main switch, the auxiliary circuit of the converter [5,16] is
activated. It is ceased once the main switch is tuned on [2].

The ratings of the auxiliary circuit components have lower ratings than the other
switches, as the auxiliary circuit is made active during a snippet of the switching
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cycle. This feature offers less amount of switching losses[14,15] than the main
switch [4].
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Fig.1. Synchronous Buck Converter with auxiliary circuit

Circuit diagram of a proposed converter with auxiliary [5-6] circuit is shown in
Fig. 1. S is considered as main switch and S1 is taken as synchronous switch. The
components of auxiliary circuit are resonant capacitor-(C;), buffer capacitor-(Cy)
and resonant inductor-(Lr). Ds; Ds3 and Ds, are auxiliary Schottky diodes [12].
The circuit operations over a switching cycle is analysed in eight stages [7,9]. The
waveforms of various parameters in all these stages are shown in Fig.2. and the
respective equivalent circuits are presented in Fig.3.

Mode 1 (to-t;): When switch S is off and the body diode of Synchronous switch is
on, Veb =0, ip; = lo, Ver = 0 Is=0, iLr = 0. At the instant tp, main switch is on
(with zero-current turn-on) [7]. Then the current through resonant inductor rises
and current ip; falls simultaneously. The rising and falling of these currents takes
place at same rate. This mode ends at t = t; as shown in fig.2. The body diode D;
gets turned off due to the presence of resonant and buffer capacitors. In this state,
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Fig.2. Waveforms of the proposed converter

Mode 2 (t;-t;): Diode Ds; starts conducting at the instant t;, Here Voltage across
resonant and buffer capacitors is zero. The resonant capacitor and resonant
inductor along with buffer capacitor are responsible for the occurrence of
resonance. At the end of this stage, the capacitor Cr charges to the supply voltage

V; and makes the diode Ds; to conduct

£t — 8,0 = E'mﬁ]_{t LY A (4)
C
v, (t-1) =C—(r’[—Vi coswl(t—t)+V, | ... . %)
C
v, (t_tl):C_z[_Vi cosw, (t—tl)+Vi] ...... (6)
Crh L i
CI}= Ty ,(7) I:LF-J_=¢'1_I‘_T; ----- (8)‘:1 =,¢E:
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Mode 3 (t;-t3): When t=t;, Ver :VCI’max :Vi 5 Voo :VCblj is = IO,iLr = ierax .

When Ds; turns is turned on, resonance is initiated by buffer capacitor and
resonance inductor. This mode ends when ir; = Iy and VCp = Vem . Both diodes
Dsi and Ds; are turned off under ZCS due to resonance inductor.

iLr (t_tz) =(ierax - |0)COSW2 (t_tz) —%sinwz (t—tz) +lool (1)

2
Vi (t1) = (1 = 10) Z, SIW, (£ —t, ) + Ve, cosw, (t—t,)

The time interval of this stage can be found as follows:

1 [ T IO]
t,=—rtan" | =—=| 13
z W2 VCbl ( )
Where

LI’

1
W,=—— 7 = |
*JLe, “yc,

Mode 4 (t3-ts: In this mode, the load current is carried by S and L, Now the
circuit operates like PWM buck converter[8,12].

Hence i, =fa = fip....-(14)

Mode5 (ts-ts): in this mode, switch S is turned off under ZVS, and the
synchronous switch is turned on under ZCS. As S1 is conducting, the voltage
across buffer capacitor becomes zero. Resonance inductor and capacitor initiates
resonance [13]. The equations are given below,

Vaft—ta)=0 ... (15)

gt —ta) = Igcoswy (b — ty)— E,—fsmwg fE—tg)....... (16)

Vot — ta) = [pZasinwalt — ta) — Vicoswalt —ta) ...... (17)
1

Where, Wy = == Zy= ,J'lg and interval of this period is given as
o ula "

o= (EL
b = mmbn ™ (=]
At the end of this stage, Vor=0 and Ds; turn is turned on under ZVS.

Mode 6 (ts-tg): Lrand C, are responsible for new resonance at this stage
F-"c_h{t— 3'5.} = .ﬁ:_.;.—.-:z: S W {F - FE-} .......... (18)

Lokt —te)=Fhoeosw. (E—5:) ... (19)



This mode ends when 1., = I, therefore

fae = “'—J_'__mu'l(i), Wy

: .
1 z I.'E'
LEre

T =Y

Mode 7 (te-t7): Att=ts, iLr becomes Ip and S; is turned off with Zero current
switching. L; and C, transfer their stored energy to load. The corresponding
equations are,

e (= te) = 2 (0= )+ Vepg oo (20)
it =t )= — f—jijr —te) Ly 1)

At the ned of this stage, i, =0. The total time period with respect to this stage is
expressed as

(L
67 V0 .......... (22)

Mode 8 (t7-ts): Now body diode of switch S; provides path for load current. As
long as the switch S is not turned on, the converter operates as a basic PWM buck
converter[13] until the switch S is turned on in the next switching cycle. In this
mode,

iz =1Ip
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2. SIMULATION RESULTS

Simulink models of simple Buck converter and modified Synchronous buck
converter are developed and simulation results are presented. And comparison
table is also given , which shows that the synchronous buck converter has 13.1%
more efficiency than basic converter. In both the cases Input voltage of 12 V is
taken with resistive load.

2.1. Simulated circuit of basic buck converter

The simulated circuit of buck converter with resistive load is shown in fig.4. The
output current and voltage of the basic converter are shown in fig. 5a) and b)
respectively. For an input voltage of 12V, load current of 0.4A and output
voltage of 4.3 V is obtained. The duty ratio is 0.358 in this case.
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Fig. 5. a) Basic buck converter output current b) Basic buck converter output voltage
2.2.  Simulation Results of proposed Converter

SIMULINK Model of the Synchronous buck converter shown in fig.1. is
developed and the results are presented. Fig.6. a) and b) gives the output voltage
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and currents of the converter for an input voltage of 12V and 1A. A current of 11
A and voltage of 3.3V is obtained. The steady state values are achieved at 0.1 sec.

a5 12
3 10}
25 s
o 2 ]
3 E*
> 15 <
al
1
0.5 2y
0 . ‘ | ‘ ‘ 0 ‘ | | | |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Sec Sec
Fig. 6. a) Output Voltage b) Output Current
14 T T T T T 15 T T
12 * L. L. L.
10 / / /
10
g8 @
g £
<6 3
4 ST
2
L L L

0 0 ' '
118 1.181 1.182 1.183 1.184 1.185 1.186 118 1.181 1.182 1.183 1.184 1.185 1.186

Sec Sec
Fig. 7. a) Current though main switch b) Voltage across main switch
2 T T 20
1.5} 15
2
1 g 10
<
05 5t

0 : : : 0
1.442 1.443 1444 1445 1.446 1447 144 1.442 1.443 1.444 1.445 1.446 1.447 1.448
Sec Sec

Fig. 8. a) Triggering Pulses for MOSFET Switch b) Current through synchronous switch



Volts

-10

50

40

30

20+

10

0 —

-

-

-20 : : : : :
1442 1443 1444 1445 1446 1447 1.448

¢) Voltage across synchronous switch

In fig.8a), the triggering pulses for the MOSFET are shown. Currents and
Voltages across the main switch S are shown in fig.7a) and b) respectively. When
the switch S is turned on at a time of 1.18sec, current passing through it is 10 A
and reaches a maximum value of 11A. When switch S is tuned off, current
suddenly falls to “0” and a voltage spikes to a value of 14 and later reaches
constant value of 12. Similarly, the current and the voltage of synchronous switch
are shown in fig.8.b) and c) respectively. The voltage across the synchronous
switch is -12V and during transition the voltage spikes to 40V and the current is

11A.

2.3.  Comparative Analysis

TABLE I

Type of | Input Voltage and | Output Voltages and | Main Switch Voltages | Synchronous switch

Converter Currents Currents and Currents Voltages and Currents
Volts Amps Volts Amps Volts Amps Volts Amps

Basic Buck | 12 1 43 0.4 12 1 - -

Converter

Synchronous 12 11 33 11 12 10.5 12 10.5

Buck

Converter

The above comparison table shows that the
efficiency compared to the Basic Buck converter[8], which is 13.1% more.

proposed converter has better
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3.

CONCLUSION

This paper proposed a synchronous buck converter, which has an auxiliary circuit
which is befitted for low voltage systems. As both ZCS and ZVS are
implemented for switching of main and synchronous switches, switching losses
are decreased considerably. The proposed converter is proven efficient when
compared to conventional converter. And also stresses on the devices are avoided
due to the soft switching implementation.
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