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ABSTRACT 
 

 Switched-mode power supplies (SMPSs) are both smaller and more efficient and 

reliable than  linear  regulator power supplies. Where the output is to be d.c. and the input 

is a.c. mains, and isolation is required between input and output, the mains is first rectified 

and smoothed. The smoothed d.c. is then chopped at a high frequency (high in terms of 

mains frequency), i.e. typically 50kHz. The chopped current flows in the primary of a 

ferrite cored transformer, much smaller than its 50Hz counterpart. The corresponding 

secondary current is rectified and smoothed. Control of output voltage is obtained by 

adjustment of the chopper duty cycle. The relatively high operating frequency allows 

values of coil inductance to be much lower than corresponding 50Hz values, again 

requiring smaller size. SMPSs can produce output voltages lower or higher than the value 

of the smoothed d.c. link. 
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INTRODUCTION 
 

There are different basic topologies commonly used to implement a switching power 

supply. Each topology has unique properties which make it best suited for certain 

applications. Some are best used for AC/DC off-line converters at low (<200 W) output 

power, some at higher output power. Some are a better choice for high AC input voltages 

(220 V AC); some are better for an AC input of 120 V or less. Some have advantages for 

higher DC output voltages (> ~ 200 V) or in applications where there are more than four or 

five different output voltages. Some have a lower parts count than do others for the same 

output power or offer a better tradeoff in parts count versus reliability. Lesser input or 

output ripple and noise is a frequent factor in a topology selection. Similarly, some 

topologies are better used for DC/DC converters— again with high and low output power, 

high or low output voltages, and minimum parts count as significant selection criteria. 

Further, some topologies have inherent design drawbacks which require additional circuitry 

or more complex circuitry, not completely analyzable in various worst-case situations. 

Thus to make the best choice of a topology, it is essential to be familiar with the merits, 

drawbacks, and areas of usage of all topologies. A poor choice of a topology can doom a 

new power supply design at the very outset. 
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Different configurations of SMPSs - 

 

 Buck or Forward Converter 

 Boost or Fly-Back Converter 

 Buck-Boost Converter 

 Cuk Converter 

 Push-Pull Converter 

 Resonant Converter 

 Half-Bridge and Full-Bridge Converter 

 

The choice of the type of SMPS to use is made on the simplicity of the drive and control 

circuitry on the one hand, and the power output requirement. 

 

CIRCUIT ANALYSIS 

 

DC – DC Converters and Rectifiers 

 

 Forward  or Buck Converter 

 
In Fig.1, when T1 is on, the secondary induced voltage forward biases diode DI and 

causes the current to ramp-up in the inductor L. When T1 is off, the voltage reverses in L, 

diode D2 is forward-biased and current flows in the loop L-Cl-D2, replenishing the charge 

on the capacitor C1 and allowing the inductor current to ramp down.Meanwhile, the 

primary voltage reverses to keep the current flowing, D3 is forward-biased and C2 is 

charged up allowing the demagnetization of the transformer core.D3 becomes reverse-

biased and turns off, allowing C2 to discharge through R2. 

 

  
 
 

Fig.1 : Buck Converter                                        Fig.2 : Buck Converter with 3
rd

 Winding 

 
 

Another configuration to this simple core resetting circuit is to use a third demagnetizing 

transformer winding, as shown in Fig. 2. When T1 turns off, D3 is forward-biased, 

allowing current flow back to the supply to reset the Core. A third alternative is to use two 

switches as shown in Fig.3. In this circuit two MOSFETs are used, and they are switched 

on simultaneously. A gate-pulse isolation circuit is required. When the switches turn off, 

the primary induced voltage changes polarity, D3 and D4 are forward-biased, and the core 

is demagnetized as the stored energy is returned to the supply. 
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For the circuits given in Figs 1-.3 assume that switches are ideal, that the transformer turns 

ratio Np : Ns = 1, and that the smoothing capacitor C1 is large enough to ensure a constant 

output voltage Vo, between switch firing, or off periods. During the switch-on period, V1 = 

lip = Vs. Hence the inductor voltage, 

L d i / d t = V - Vo 
 

 

Fig.3 : 2 Switch based Buck Converter 

 

Over the on-period, tn, the current ramps up from Io to I~: (Vl - Vo)/L = d i / d t = (11 - 

Io)/tn 

      (I1 - Io) = (V1 - Vo) t n/L ……..(1) 
 

During the switch off-period, Vo = L di/dt. Over the off-period tf, the current ramps down 

from Ii to Io. Therefore 

 

I~ - Io = (Vo/L) tf = (Vo/L) ( T - tn) ………(2) 

 

Equating (1) to (2): 

 

(Vl t n / L ) - (Vo t n / L ) = ( V o T / L ) - ( V o t n / L ) from which Vo = DV1 where D is 

the duty cycle. 
 

The waveform of inductor current against time is shown in Fig. 4. The waveform of 

transformer primary voltage against time is shown in Fig. 5. If the transformer core is to be 

completely demagnetized in the off-period then the area above the zero voltage axis must 

be equal to the area below the zero voltage axis. This limits the duty cycle, D, to a value of 

0.5. If the duty cycle is greater than 0.5, the core would not be completely demagnetized at 

the end of the off-period, and a d.c. magnetization of the core would build up, resulting in 

core saturation. 

  

    Fig. 4: Induced Current                                   Fig. 5: Primary Voltage 
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 Fly-Back or Boost Converter 

 

  

               Fig. 6 : Boost Converter                  Fig. 7 : Buck-Boost Converter 

 

Current and Voltage equations –  

Vo = Vb / ( 1 - D) 

Ib = I o / ( 1 - D ) 

D- Duty Cycle 

Io, Vo – Output voltage and current 

Vb, Ib – Input voltage and current 

 

 Buck-Boost Converter 

 

Refer to Fig.7, With the transistor switched on, current ramps up in the inductor, i.e. 

V = L di/dt 

V/L = di/dt 

di = ( V /L ) dt 

At the end of the on-period, 

I - Io = ( V1/L) t n …..(3) 

 

When the transistor is switched off the inductive voltage, VL, changes polarity and charges 

up the capacitor C via the diode D. Energy is transferred to the output during the off-time 

of the transistor and this is known as the fly-back time. 
 

During the fly-back time, current ramps down in the inductor,  

Vo = L di/dt 

di = (Vo/L) dt 

At the end of the flyback time, 

I- Io = ( V o / Z ) t f ….(4) 
 

Equating (3) to (4),we get 

VI tn = V 0 tf 

Vo - V1 t/tf = V1 DT/(1-D) T 

Vo = VD/(1-D) ……(5) 
 

Hence, with D < 0.5, the converter  will step-down, and with D > 0.5 the converter will 

step-up.The converter output voltage is a polarity reversal of the input voltage. 
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 Isolated Buck-Boost Converter 

  

Fig.8: Isolated Buck-Boost Converter    Fig 9.Push-Pull Converter 

 

To achieve isolation, the inductor in Fig. 7 is replaced by the magnetizing inductance of an 

isolating transformer. This can also be used to step up the output voltage, or as a means of 

producing multiple outputs. transformer inductance.D1 is reverse-biased and no secondary 

current flows. Q1 turns off, the primary inductive voltage changes polarity to keep the 

current flowing, secondary induced voltage changes polarity, and diode D1 is forward 

biased causing capacitor C1 to charge up to the polarity shown. Meanwhile, the reset 

winding voltage Vr reverses and exceeds V1, diode D2 is forward-biased allowing the 

transformer core to reset via winding Nr as energy is returned to the d.c. Source. The 

output voltage is that of the buck-boost converter with the addition of the transformer turns 

ratio. 

Output voltage is 

Vo = V~ (Ns/Np) O/(1-O) 

 

 Push-Pull Converter 

 

Refer to Fig. 9,The circuit of a push-pull converter is shown in Fig. 9. Transistors Q1 and 

Q2 are switched on alternately. With Q1 switched on, transformer action forward biases 

diode D2 and energy is transferred to the output circuit as the inductor current ramps up. 

With Q2 switched on, diode D1 is forward-biased, the inductor current again ramps up and 

energy is transferred to the output circuit.The full transformer primary voltage appears 

across the switch that is off, i.e.2 V. The output voltage is twice that of the forward 

converter, since there is no separate inductor charging period, and addition of the 

transformer turns ratio gives the output voltage as:  

 

Vo = 2D V (Ns/Np) 

In the circuit of the push-pull converter shown in Fig. 10, transistor Q1 is switched on and 

transistor Q2 is switched off; diode D1 is reverse-biased and diode DE is forward-biased. 

v2 = (Ns/Np) v 

Inductor voltage is 

VL=V2- Vo= (Ns/Np) V  - Vo= L Aie/At 
 

Now turn-on time At = DT; hence change of inductor current is given by 

AiL = (At~L) (V2 - Vo) = (DT/L) ((V1Ns/Np) - Vo)) 
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Fig.10:Push-Pull Converter                                  Fig 11: Secondary Side 

Q1 is turned off, leaving both switches off. The circuit, showing the secondary side only, is 

given in Fig. 11.When Q1 is switched off, the inductor voltage V L changes polarity to 

keep the current flowing. Both diodes, D1 and D2, are then forward-biased and each carries 

half the inductor current. The inductor current ramps down. Overall secondary voltage is 

zero and V2 is zero:  

 

 

L Aiu/At = Vo 

Aiu = At Vo/L 

 

Off-time is 

At = (Y/2) - DT= T(0.5 - D) 

AiL = T (0.5 - D) Vo/L  

Process is repeated when Q2 is switched on with Q1 off, and again when both switches are 

again off. For a symmetrical system, rise and fall currents are equal; we get 

 

(DT/L)(V~ Ns/Np - (Vo)) = T (0.5 - D) Vo/L 

DV~ Ns/Np - DVo = 0.5Vo – Dvo 

Vo = 2D V Ns/Np  

 

 

Fig.12: Transistor and Inductor Current 

 

 Half-Bridge Converter 

   The circuit diagram of the half-bridge converter is given in Fig. 13. Capacitors C1 and C2 

each have half the d.c. input voltage across them, and this voltage, V1/2, is switched across 
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the primary winding by transistors QI and Q2 alternately. The switch that is off will have 

the full d.c. voltage across it. The output voltage expression is given by 

Vo = V1 D (N,/Np)  

 

The anti-parallel diodes shown across the transistors are those associated with all Mosfet 

switches, i.e. built-in parasitic diodes 

 

  

Fig. 13: Half Bridge                               Fig. 14: Full Bridge 

 

 

 

 Full – Bridge Converter 

The circuit diagram of the full-bridge converter is given in Fig.14. Q1 and Q3 are switched 

on simultaneously, followed by Q2 and Q4 simultaneously. At least two of the bridge 

transistors require gate isolation circuits. The output voltage is twice that of the half-bridge: 

Vo = 2 VI D (Ns/Np) 

 

 Selection of  Inductor and  Capacitor Values 

 

During the off-time of both switches, the change of inductor current is given as-  

 

AiL - T (0.5 - D) Vo/L 

= (0.5 - D) Vo/fL 

 

Half of this value must not exceed average inductor current, or load current, for continues 

current operation. Therefore, average load current is 

IL = Vo/R= (0.5 -- D) Vo/2fZmin 

 Lmin =R (0.5 - D)/2f  
 

The inductor current ripple frequency is twice the converter frequency. This ripple current 

will flow almost entirely through the low impedance of the Capacitor. Increase of charge is 

equal to the area under the current/time curve, i.e. 

AQ = 0.25 AiL (T/4) = 0.25 T (0.5 - D ) Vo T/4L= (0.5 - D ) Vo/16f2L = (1 -2D) Vo/32f2L 

 

Now, AQ = CAVo where A Vo is the capacitor ripple voltage. Hence C = AQ/A Vo = (1 - 

2D)/32 f2 L(A VolVo)  (A VolVo) X 100 is the percentage ripple. 
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Fig. 15 

 

RESONANT  INVERTERS 

 

In a half-controlled bridge with a resonant load, the frequency was low, at 100Hz, and there 

active components correspondingly large. The transistors switched at each half-cycle of the 

natural resonant frequency, and due to the damped nature of the circuit the switching 

occurs at significant initial conditions on the inductor and capacitor.The higher the 

frequency of the inverter, the smaller the size of the inductive components. Unfortunately 

with the rectangular voltage waveforms, the higher the frequency, the higher the switching 

loss due to switch voltage and current being non-zero at the switching instant. Switching 

loss is directly proportional to frequency for these inverters because the switching loss 

occurs at each half periodic time.In resonant inverters, switching takes place at voltage or 

current zero, tending to eliminate the switching loss. For isolated inverters there is also the 

advantage that the transformer core is automatically reset. 
 

 Series Loaded RI 

 

  

Fig.16: Series Loaded Config.                           Fig 17.Time Domain Circuit 

At each switch-on half the d.c. source voltage is applied to a series resonant circuit 

consisting of L, C and load resistance R.Assumptions are that C1 and C2 are large enough 

not to affect the resonant frequency and that the switches are ideal. Analysis of the inverter 

operation is done using the Laplace transformation and the circuit in the s domain. The 

circuit is under-damped, with (R/2L) 2 < 1/LC . Initial conditions at switching are zero. 

The time-domain circuit at switching is shown in Fig. 17, and the s domain circuit at switch 

closure is shown in Fig. 18. 
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Fig.18: S Domain Circuit 

 

Now 

i(s) = (V/s)/(R + sL + i/sC) 

= V/(sR +sZL + 1/C)= (V/L)/(s 2 + s(R/L) + 1/LC)= (V/L)/(s + R/2L) 2 + ((1/LC) - (R/2L) 

2)  

the time domain solution is i(t) = (V/coL) exp(-ett) sin tot  where a = R/2L and co 2 "- 

(1/LC) - (R/2L) 2. 

 

For the undamped circuit with R = 0,  

i(s) = (V/L)/((s) 2 + (1/LC)) = (wooL) oo/((s)= + (00) 2) 

i(t) = (V/coL) sin tot 

 

Inductor voltage is 

VL(S) = i(s) • sL = V (S/(S 2 + 092)) Vc = V cos tot 

 

Capacitor voltage is 

Vc (s) = i(s) x 1/sC = V(to/s(s 2 + to2)) 
Vc(t) = V(1 - costot) 

 

At the end of one complete cycle, the capacitor voltage is zero in the un-damped case. At 

the end of one complete cycle, the capacitor voltage would be zero in the un-damped case 

of a normal R-L-C resonant circuit, but with the diode in circuit, in the negative half-cycle 

current ceases when the diode is no longer forward-biased and this leaves an initial 

condition on the capacitor. This means that symmetrical current waveform takes a cycle or 

so to establish itself. Let the natural frequency of the series resonant circuit be defined as 

ton = 1/LC for the un-damped case, and ton = ~/(1/LC - RZ/4L 2) for the under-damped 

case. The on-time of each transistor is taken to be half the periodic time of this natural 

frequency. The switching frequency, ~s, of the transistors is chosen to be lower than COn, 

resulting in a longer periodic time for the switching frequency than that for the natural 

frequency, i.e.OJs<OO. and Ts> Tn 

The load current value can be altered by variation of the switching frequency. 

Considering the circuit in Fig 17, with Q1 switched on the positive half-cycle of current 

flows right to left through the load. The capacitor C charges to its maximum value by the 

end of the transistor on-time, approximately the d.c voltage V1; at this time the current has 

fallen to zero. The negative half-cycle starts automatically, since as Q~ turns off, D~ is 

forward-biased and the capacitor C circulates current  left to right through the load. At the 

end of the negative half-cycle, current ceases and diode D1 turns off. An initial condition 

exists on the capacitor C when the diode turns off. After a small delay, Q2 is turned on to 

start the load current cycle in reverse. The typical load current waveform is shown in Fig. 

19. 



International Journal of Emerging trends in Engineering and Development                                                                              

Issue 2, Vol.4 (May 2012)                                                                                                              ISSN 2249-6149 

 Page 899 
 

 

Fig. 19: Load Current Variation 

 

 

 Parallel Loaded RI 

The circuit diagram of a parallel loaded resonant inverter is shown in Fig.20, the effective 

circuit at first switch-on is shown in the s domain form in Fig 7.21. This assumes ideal 

switches.Norton's theorem is a convenient method of analysis for this type of circuit, and 

the Norton equivalent circuit is shown in Fig. 7.22. In Fig 7.21 the load short-circuit 

current is Isc = V]sZL.The internal impedance is l i n t = sL/sC (sL + 1/sC) = sL/(s 2 LC + 

1),i(s) = Isc Zint/(lint + R) 

     

            Fig.20: Parallel Load RI 

 

 

      Fig.21 : S Domain Circuit                             Fig.22:Norton Equiv. Circuit 

 

This simplifies to give i(s) = V/LCRs (s 2 + s/CR + 1/LC)  

the time-domain as i(t) = (V/R) {1 - exp(-/~eont)(cos cot + (~Ogn/eO) sin cot))}   where = 

( 1/2R) (~ L/C) 
 

UN-INTERRUPTIBLE POWER SUPPLY(UPS) 

 

Uninterruptible power supplies (UPSs) and standby power supply systems are used in 

applications where loss of the mains supply could be disastrous, as in the case of hospital 

operating theatres or intensive care units, computer installations, production systems, 
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alarms and signalling equipment. The UPS can be on-line or off-line. Both systems use a 

d.c. link inverter with a battery bank and trickle-charger. In the case of the off-line system, 

in normal operation power is supplied directly from a.c. mains. In the event of mains 

failure, a transfer switch disconnects the power line and connects the inverter to the load. 

When mains power is restored, the load is reconnected to the power line. A block 

schematic diagram of the off-line system is given in Fig. 7.23. The switching process can 

take several milliseconds if the switch is solid state, and tens of milliseconds if the switch 

is electromechanical. With on-line systems, the rectifier-inverter combination supplies the 

load power from the a.c. mains during normal operation. Should the mains fail, the battery 

automatically supplies the d.c. link to the inverter and there is no time delay involved. 

Should the rectifier-inverter system fail, the load could be transferred to a.c. mains using a 

transfer switch. 

 

 

 

                                     Fig. 23: Off - Line System 

 

CONCLUSION 

In this paper, we introduced dynamics of basic topologies, configurations and principles 

involved in SMPS, along with their mathematical analysis. This work is of great deal for 

researchers working on the area of SMPS. Future work will incorporate to study the effect 

of PWM techniques on SMPS, based on different switching devices. 
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