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 Voltage regulator modules (VRM) need to have low output voltage ripple and 

tight efficiency to power advanced microprocessors. This paper explains a 

phase shedding technique to enhance efficiency and its impact on output 

voltage ripple. In this study, analysis was done on a 4-phase buck converter 

which is having an input voltage of 45-65 V and delivers an output of 9 V, 

12A with a switching frequency of 200Khz. The phase shedding control 

scheme is suitable for applications such as power sources for programmable 

logic controllers, which is a part of SCADA systems, which requires a low 

voltage and high current power supply. Working of a multiphase buck 

converter with phase shedding is modelled and verified using 

Matlab/Simulink software. The simulation results show the effect of the phase 

shedding technique on efficiency in varying load conditions and the effect of 

an increase of the voltage ripple at the output. 
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1. INTRODUCTION 

Datacenter power consumption has increased considerably as a result of the widespread adoption of 

cloud computing. Datacenters such as supervisory control and data acquisition (SCADA) systems, typically 

use a large number of central processing units (CPU), that necessitates a well-regulated DC voltage, as well 

as adherence to exceedingly stringent regulations and specifications [1]. As the demand for processing from 

processors increases, the needed output current of converters for computing devices continues to grow as 

well. The multi-phase interleaved buck converter is widely used to deliver more output current with lower 

output voltage ripple [2]. For low voltage and high current applications, a multi-phase buck converter is 

recommended because it minimizes current stress in each phase while also reducing output capacitor size due 

to ripple cancellation [3]. Due to its wide load range operation, fast dynamic response, superior light-load 

efficiency, and smaller output ripple, this type of converter is also employed in high slew rate load powering 

[4]. At light loads, some converters with high current ratings have low efficiency [5]. Because of this, 

efficiency became a major factor in multiphase converters. However, in reality, the voltage regulator modules 

do not always operate at maximum power. As a result, efficiency at light and medium loads drops [6], [7]. 

Voltage converters and regulators with high efficiency and low cost are key components in most low-power 

design techniques [8]. 
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Multiphase buck converter has a drawback in terms of maintaining higher efficiency during light 

and heavy load. Some studies have shown that effciency reduces to a minimum during light load. To improve 

light-load efficiency, we have employed phase shedding technique by turning off phases during load change, 

especially in the case of light loads. Phase shedding technique works such that the number of operating 

phases in a multiphase converter decreases when the load current reduces, and during a light-load state, a 

single-phase will gradually be connected to the load system [9]. By activating the necessary number of stages 

at any given load, improved light load efficiencies can be attained utilizing phase shedding techniques [10]. 

The suggested converter uses a load-dependent control method that combines PWM control with phase-

shedding for loads in a wide range to improve efficiency at lighter loads [11]. In this way, efficiency can be 

improved during reduced (light) load. Phase shedding negatively affects the advantage of using a multiphase 

buck converter such as its ripple cancellation technique. In general, for low-voltage loads phase shedding 

technique works well but at the same time, ripple voltage at the output will increase. As a result, the 

advantage of using the phase shedding technique will no longer be effective. This paper presents the original 

simulated results which prove that there is an increase in the ripple voltage during load change.  

SCADA are computer based control systems that are used to control processes at industrial 

organizations. These industrial processes will be controlled at remote locations or locally. SCADA networks 

are also used to collect data from the field, send it to a central computer facility, and display it graphically or 

textually for users. As a result, users may monitor or operate an entire network in real time from a remote 

place [12]. SCADA server is responsible for the communication with the remote terminal units, 

programmable logic controllers (PLC), etc. PLC use high power processors which require power supplies 

with high efficiency at any power level and ripple-free supply. The proposed phase shedding technique for a 

multiphase buck converter [13] is applicable for these kinds of power supplies where it needs a very low 

ripple and highly efficient supply. At medium and low loads, however, disabling a few numbers of modules 

(or phases) results in an increase in the amplitudes of the input and output current ripples [14]-[16]. 

Approaches like this can increase noise at the output as a factor of voltage ripple and current ripple 

requirements specified in PLC processor power supplies. The proposed voltage regulator which is tested with 

different loads [17] serves the requirements of these high-end processors that are used in SCADA systems. 

A multiphase converter using the phase shedding technique is discussed in this paper. The following 

is a breakdown of the paper's structure. Section 2 explains parameters that need to be taken care of while 

designing converter circuit. Efficiency as per different load conditions is compared in the section 3. Section 4 

describes simulation results that validate the effect of phase shedding on ripple voltage and the work is 

concluded in the section 5. 

 

 

2. DESIGN CONSIDERATIONS IN MULTIPHASE BUCK CONVERTERS 

2.1.  Effect of losses on efficiency 

Converter losses are generally divided into two main groups such as fixed losses and load-dependent 

losses. The losses in the multiphase converters can be expressed as the total of switching losses which is 

considered as fixed losses and conduction losses, which is considered load dependent losses. Switching loss 

in a single-phase converter will be very less because of the lesser number of switching elements. But in the 

case of multiphase converters, switching losses are high due to a greater number of stages. The conduction 

losses mainly depend on the current through the elements present in each phase. Also, switching losses are 

directly proportional to the switching frequency. As a result, because phase shedding is frequency-dependent, 

losses will increase considerably as the number of phases rises. This affects overall multiphase converter 

efficiency. The failure to achieve high efficiency across the whole load range is due to the fact that all phases 

are kept similar in terms of inductor size, switching frequency, and load sharing [18]. The conduction losses 

and switching losses can be calculated using: 
 

P=Rds.Idc2 (1) 

 

Psw=[Vin.Isw.fsw(tr+tf)]/2 (2) 

 

2.2.  Ripple voltage at the output 

Connecting and disconnecting a number of phases not only changes the efficiency but also affect the 

output voltage ripple in a negative way [12]. Because the phase-shift among the phases changes as the 

number of active phases varies with the output load, the ripple cancellation effect generated by multiphase is 

decreased [14]-[16]. This is a major drawback and will affect the converter with an increase in noise. Some 

concepts about multiphase must be considered while describing the influence of output voltage ripple. The 

amount of output voltage ripples is a major concern in switching regulators since they affect converter 

performance. The charging and discharging of the equivalent output capacitor constitute the majority of the 
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output voltage ripple amplitude. The ripple's volume is defined by the load current, total output capacitor, 

switching frequency, and number of phases supplied to the system [2]. In (3) describes the relation between 

output voltage ripple, output capacitance and switching frequency and how these parameters are utilised to 

reduce output voltage ripple. When switching frequency is reduced due to phase shedding during a light load 

state, output voltage ripple is dramatically increased. The increase in the capacitor value can reduce the 

output voltage ripple during the charge- discharge cycle. But this will increase the physical size of the 

capacitor and hence overall voltage regulator module dimension will increase. In order to reduce the size of 

the output filter capacitor, most voltage regulators require high-frequency operation [19]. 
 

∆V=IL/[2.Cout.fsw.N]  (3) 

 

2.3.  Design specification 

A four-phase buck converter circuit with the following parameters [20] is simulated according to the 

specification presented in Table 1. Analysis is done based on this design specification [21]. 
 

 

Table 1. Design specifications 
Parameters Nominal value 

Input voltage (45-65)V 

Output voltage 9V 

Output current 12A 
DC regulation <1.2% 

Switching frequency 200KHz 

Output voltage ripple 90mV 

 

 

3. COMPARISON OF EFFICIENCY AS PER LOAD DEMAND 

Results obtained from simulation and calculation of efficiency shows that there is a rise in light load 

efficiency after implementing the phase shedding technique in a multiphase converter. During light load after 

turning off all the other phases as per the load demand shows that this technique is very useful when there is 

a demand for high efficiency. The operational phase number is determined by the output current in the 

traditional approach of phase-shedding control. At low output currents, a few phases are used while 

converting to a single phase to reduce switching losses caused by the converter's active switch devices. As 

the load current increases, conduction losses begin to exceed switching losses. As a result, more phases are 

activated or deactivated in order to maintain maximum efficiency [14], [22], [23]. 

Tables 2-5 show the variation of output current and efficiency. As the load decreases, efficiency also 

decreases and this is compensated with the reduction in the number of phases with the phase shedding 

technique. The transition from one phase to another as per load demand can be achieved by pre-setting a 

threshold value of load current. Table 2 shows the efficiency versus load current in multiphase converters 

without phase shedding, which is taken as stage1, where all the 4 phases are in ON state. Light load 

efficiency in this stage is 87.67%. Table 3 shows the efficiency versus load current in multiphase converters 

with phase shedding, which is taken as stage2, where 3 phases are in ON state. Light load efficiency in this 

stage is 88.04%. Table 4 shows the efficiency versus load current in multiphase converters with phase 

shedding, which is taken as stage3, where 2 phases are in ON state. Light load efficiency in this stage is 

89.68%. Table 5 shows the efficiency versus load current in multiphase converters with phase shedding, 

which is taken as stage4, where only one phase is in ON state. Light load efficiency is improved to 90.91%. 

 

 

Table 2. o/p current and efficiency from Stage1  Table 3. o/p current and efficiency from Stage2 

Iout Pout Pin Efficiency  Iout Pout Pin Efficiency 

1 9 10.26 87.67  1 9 10.22 88.04 

2 18 19.72 91.23  2 18 19.75 91.09 
3 27 29.20 92.45  3 27 29.30 92.12 

4 36 38.68 93.05  4 36 38.86 92.61 

5 45 48.17 93.40  5 45 48.44 92.89 
6 54 57.67 93.62  6 54 58.02 93.05 

7 63 67.19 93.76  7 63 67.62 93.15 

8 72 76.71 93.85  8 72 77.23 93.21 
9 81 86.24 93.92  9 81 86.86 93.24 

10 90 95.78 93.96  10 90 96.50 93.26 

11 99 105.32 93.99  11 99 106.14 93.26 
12 108 114.88 94.05  12 108 115.81 93.25 
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Table 4. o/p current and efficiency from Stage3  Table 5. o/p current and efficiency from Stage4 

Iout Pout Pin Efficiency  Iout Pout Pin Efficiency 

1 9 10.03 89.68  1 9 9.89 90.91 
2 18 19.60 91.81  2 18 19.56 92.00 

3 27 29.19 92.49  3 27 29.26 92.26 

4 36 38.79 92.79  4 36 39.00 92.29 
5 45 48.42 92.93  5 45 48.78 92.24 

6 54 58.06 93.00  6 54 58.59 92.15 

7 63 67.72 93.02  7 63 68.44 92.04 
8 72 77.40 93.01  8 72 78.33 91.91 

9 81 87.10 92.98  9 81 88.26 91.77 

10 90 96.82 92.95  10 90 98.22 91.62 
11 99 106.56 92.90  11 99 108.23 91.47 

12 108 116.31 92.84  12 108 118.27 91.31 

 

 

Figure 1 shows the efficiency curve obtained for different values of load current. In this graph, 

efficiency for all 4 phases plotted as per the calculated values. So it is proven from these results that light 

load efficiency for the multiphase phase voltage regulator is improved [24]. 

 

 

 

 
 

Figure.1. Efficiency versus load current 

 

 

4. SIMULATION RESULTS 

Figure 2 illustrates the Simulink model of the proposed four-stage multiphase buck converter with 

phase shedding methodology, which was simulated in Matlab/Simulink [25]. Each one of the four buck 

converter stages in the model has its own inductor, diode, and power MOSFET. These elements are referred 

to as a phase when combined together. By simulating different load levels and phase shifts in its steady state 

condition, the suggested model was used to investigate the effect of output voltage ripple. Individual phases 

are active at spaced intervals equal to 360°/n throughout the switching period in steady-state operation, where 

n is the total number of phases. The multiphase converter is simulated with a load of 12A when all the 

4phases of it is in the ON state and simulated with a light load of 3A when the only single phase of it is in the 

ON state. Figure 3 shows gate pulses to the 4 stages of the multiphase buck converter. Figure 4 shows ripple 

voltage (.4mV) and output current(12A). Figure 5 shows output current at 12A and output voltage regulated 

at 9V. Figure 6 shows gate pulses to the 3 stages of the multiphase buck converter. Figure 7 shows ripple 

voltage (2.5mV) and output current (9A) after shedding one phase as per load requirement. Figure 8 shows 

gate pulses to the 2 stages of the multiphase buck converter. Figure 9 shows ripple voltage (3mV) and output 

current (9A) after shedding 2 phases as per load demand. Figure 10 shows gate pulses to the one stage of the 

multiphase buck converter. During this instant, switch in all the other 3 phases will be in OFF state. Required 

output current will be through this single stage. Since output current demand is less, power dissipation in the 

single-stage will also become negligible. This directly helps to improve the overall efficiency and 

performance of the system. Figure 11 shows ripple voltage (3.5mV) and output current (3A) after shedding 3 

phases as per load demand. 

Load current → 
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Figure 2. Simulink block diagram of 4stage buck converter 
 

 

 

 

  

Figure 3. Gate pulses for 4stages of converter Figure 4. Output current and output ripple (4phase) 
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Figure 5. Voltage and current at the output Figure 6. Gate pulses for 3stages of converter 

 

 

  

  

Figure 7. Output current and output ripple voltage  

(3 phase) 

Figure 8. Gate pulses for 2stages of converter 

 

 

  

  

Figure 9. Output current and output ripple voltage  

(2 phase) 

Figure 10. Gate pulses for single stage converter 
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Figure 11. Waveforms of output current and output ripple voltage (1 phase) 

 

 

5. CONCLUSION 

This study discusses the performance of a multiphase converter using a phase shedding control 

system. With the help of simulation study using MATLAB, improvement in efficiency and effect of output 

voltage ripple in multiphase converter with phase shedding is verified. When the number of stages is reduced 

as per load requirement, it has improved light-load efficiency and increment in the output voltage ripple. We 

have simulated the converter without phase shedding and obtained a light load efficiency of 87.67%, output 

voltage ripple of 0.4mV. Later, the same condition is simulated again by implementing the phase shedding 

technique and turned ON only a single phase. During this condition we have obtained an efficiency of 

90.91% and an output voltage ripple of 3.5mV. These results prove the improvement in efficiency and effect 

of ripple voltage at the output as per load change. Also, this study has presented the effect of various 

parameters which might be a reason for the increment of the output voltage ripple. 
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