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Abstract: This paper aims at proposing a new method 

for compensating the dead-time in the carrier based 

pulse width modulation (CB-PWM). The followed 

strategy depends on employing the phase shifts on the 

carrier and the reference signals, which are consistent 

with the required dead-time. The method is characterized 

by implementation simplicity in contrast to the other 

methods in the literature and it will be implemented on 

FPGA. Moreover, the study will show the impact of the 

dead-time on the output harmonics in three phase 

inverter and it will provide a guideline for setting the 

proper dead-time according to the utilized switches in 

the three-phase inverter. The main components in the 

investigated inverter are SiC MOSFETs, which require 

shorter dead-time ranges in order to exploit their 

maximum switching speeds. 

Key Words: Dead-time Compensation/Carrier Based 

PWM 

1. INTRODUCTION

The increased demand on high speed converters led 

to set several safety requirements during the converter 

operation. One of these converters is the three-phase 

inverter, which consists of three legs in order to generate 

the output voltage and currents. Each leg in the inverter 

consists of two complementary switches which must not 

switch simultaneously in order to avoid the short-circuit 

fault, which can lead to destroy the switches. Therefore, 

a tiny fraction of the switching period should be used 

between the switching sequences of the top and bottom 

switches in each leg of the inverter.   

This portion of time is defined as the dead-time, 

which should be kept as minimum as possible due to its 

effect on the inverter performance [1]. The side effects of 

the dead-time are not limited to the increment of the 

conduction losses, but also it causes a decrement of the 

fundamental output component, which can reduce the 

inverter efficiency [2]. Moreover, the dead time can lead 

to increase the low-order harmonics on the converter 

outputs, which have negative effects on the load side 

such as increasing the heat and breaking down the 

isolation of the coil conductors due to the torque 

pulsation in case of motor load. 

The dead-time is related to the converter power factor 

and it correlates with the switching speed. In other 

words, the dead-time can limit the maximum switching 

speed in three-phase inverter. Therefore, its effect should 

be compensated in order to exploit the involved switches 

capabilities. The relation between the dead-time and the 

switching speed in the three-phase inverter applications 

has been discussed in [3].  

For the sake of compensating the dead-time in three-

phase inverter, different methods have been proposed in 

the literature, such as the utilization of the average value 

theory by summing the averaged lost voltage to the 

command voltage. In addition, PI-controller and 

detecting the directions of the power flow were used also 

to solve this issue; further methods can be found in 

literature as in [4]. The previous methods clashed with 

the difficulty of implementation and the requirements of 

measurement devices, especially in the methods that 

depend on measuring the direction of the power flow and 

the requirement of several digital to analog converters 

DACs. In this paper, a new method to compensate the 

dead-time will be introduced and analyzed. 

2. THE PROPOSED METHOD

The proposed method depends on applying phase 

shifts on both, the carrier signal and the reference 

signals. The aim of applying the aforementioned phase 

shifts is to generate compensated signals that can deal 

with the effect of the dead-time on the generated control 

pulses. 

The ideal pulses of the switching patterns are shown 

in Fig.1 at the bottom and the top switches in the same 

inverter leg, which should switch complementary to each 

other. The practice of the ideal switching patterns might 

destroy the inverter during the operation due to the short-

circuit fault, which usually results from the simultaneous 

turn-on of the both switches in the same leg; therefore, 

the dead-time should be considered to avoid this case. 

On the other hand, this will result in errors in the pulse 

pattern of the top and the bottom switches; these losses 

are denoted by loss and gain as shown in Fig.1. These 

errors can be accumulated and they might destroy the 

whole PWM process. In order to deal with this issue, the 

A NEW STRATEGY FOR 

COMPENSATING THE DEAD-TIME IN 

CARRIER BASED PWM  

Hani Muhsen, Sebastian Hiller 
Technische Universität Chemnitz, Department of Power Electronics and EMC, Chemnitz, Germany 



switching pattern must be modified to get rid of the 

unfavorable effects of the dead-time consideration.  

Fig. 1. The effect of the dead-time and the dead-time 

compensation on the output pulses 

Therefore, the switching patterns will be modified so 

that the implementation of the dead-time on the modified 

pulses must lead to the actual patterns. These patterns 

appear exactly as the ideal pulses in terms of the width, 

the only difference between the two patterns is the 

compensation of the dead-time effect. The modified 

pulse patterns of the complementary switches have been 

depicted as shown in Fig.1. The gain section must be 

implemented in the pulse pattern of the top switch in 

order to substitute the loss portion which results due to 

the dead-time consideration. On the other side, the loss 

section must be implemented in the pulse pattern of the 

bottom side in order to get rid of the gain section which 

resulted from the dead-time implementation. 

Fig. 2. The proposed method to compensate the dead-

time in CB-PWM 

The targeted patterns will be obtained by shifting the 

original carrier signal and reference signals in an amount 

that correlates with the magnitude of the dead-time as 

shown in Fig.2. Despite the phase shift is very small in 

the case of the reference waveforms, still it is possible to 

be implemented on the FPGA. Consequently, the phase 

shifts of the reference signal θr and the carrier θc can be 

determined by applying (1) and (2). 
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Tr represents the period of the reference signal, td 

represents the required dead-time, and Tsw represents the 

switching period.  

After applying these phase shifts on the carrier and 

the reference signals; the resulted output pulses from the 

classical comparison in the CB-PWM will have a phase 

shift θd approximately equals to the phase shift of the 

carrier θc due to the dominance of this portion during the 

comparison process in CB-PWM in contrast to the 

magnitude of the reference phase shift.  

The resulted pulse pattern from the previous step will 

be used as the first input of the digital OR gate; whereas 

the second input represents the switching pattern which 

is resulted from the comparison between the original 

carrier and reference signals without phase shifts. The 

output of this digital operation will generate the modified 

compensated switching patterns, which will result in the 

actual pulse pattern after applying the dead-time. The 

complete steps of the proposed method are depicted in 

Fig.2 and it has been implemented on FPGA using 

LabVIEW 2014 to investigate the validation of the 

proposed approach as shown in Fig.3. 

Fig. 3. A comparison shows the effect of the dead-time 

and compensated pulse in the real-time domain. 

3. EXPERIMENTAL RESULTS

In this part, the effect of implementing the dead-time 

in three-phase inverter based on SiC-MOSFET is 

presented by analyzing the voltage drop waveforms over 

the SiC-MOSFET during the inverter operation. The 

utilized control topology in this work was the CB-

SVPWM, which was introduced by the author in [5]. It's 

worth mentioning here that the proposed compensating 

method is applicable in all CB-PWM topologies. In order 

to show the necessity of compensating the dead-time in 

CB-PWM and to discuss its effect, the voltage drop 

waveforms over the SiC MOSFET in three-phase 

inverter application have been investigated in different 

cases, such as: the case of ignoring the dead-time, dead-

time consideration, and finally, the dead-time 

consideration and its effect compensation. This contrast 

aims at showing the resulted voltage spikes during the 

switching transition and the THD in each case. As a 

result of the high switching speed capabilities of the SiC-
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MOSFETs and their low input capacitance, it was 

possible to apply the PWM signals without considering 

the dead-time, but this was resulting in generating 

voltage spikes reached up to 40% of the applied DC-link 

voltage as shown in Fig.4, which can destroy the SiC-

MOSFET devices, if they have been employed with DC-

link voltages near to their breakdown voltage limits.  

In this case, it is recommended to choose the SiC-

devices, which can withstand with double DC-link 

voltage in three-phase inverter applications. Different 

possibilities might result from neglecting the dead-time, 

such as the distortion of the CB-PWM performance and 

the generation of high harmonic levels at the load side.  

Fig. 4. Normalized voltage drop pulses over the SiC-

MOSFET without considering the dead-time 

Fig. 5. Harmonic analysis of the output phase voltage 

without considering the dead-time 

These harmonics consider a serious problem in the 

variable-speed drive, due to their ability of generating 

extra heat over the motor windings, therefore, destroying 

their isolation. In case of neglecting the dead-time, the 

total harmonic distortion of the output phase voltage was 

higher than 59% and higher magnitudes of the odd 

harmonics were noticed as shown in Fig.5. Therefore, the 

dead-time was considered in the next investigations step 

and the pulses of voltage drop over the SiC-MOSFET 

presented a better switching behavior with maximum 

voltage spikes up to 25% of the applied DC-link voltage 

as shown in Fig.6. 

The previous measurement was considering a dead-

time of five microseconds. Consequently, the harmonic 

distortion has been improved, and the THD of the output 

phase voltage was 22%, which means approximately 

enhancement of 40% on the harmonic distortion due to 

the dead-time consideration as depicted in Fig.7. The 

third harmonic showed the biggest reduction due to this 

consideration; this reduction was more than 60%. The 

final case which has been investigated in this part, was 

the effect of compensating the dead-time over the 

switching performance and its effect on the output 

harmonics. The pursued method and the aims for 

compensating the dead-time were explained previously. 

Therefore, The proposed method was considered in the 

applied CB-PWM over the three-phase inverter. The 

results showed very low voltage spikes in the voltage 

drop pulses over the SiC-MOSFET with overshooting 

less than 5% of the DC-link voltage as shown in Fig.8. 

Fig. 6.  Normalized voltage drop pulses over the SiC-

MOSFET with the dead-time consideration 

Fig. 7. Harmonic analysis of the output phase voltage 

with the dead-time consideration 

On the other hand, the THD was slightly higher, 

approximately 27% as illustrated in Fig.9. The output of 

compensating the dead-time was showing a tradeoff 

between the slight increment of the THD, and the huge 

reduction of the overvoltage spikes, which consider a 

dominant issue in the EMI perspective. 

4. DEAD-TIME SETTINGS

One of the aspects which must be considered during 

the implementation of the PWM is the settings of the 

required dead-time level, which usually depends on the 

switching times of the used power switches on the power 

circuit. In the case under study, the SiC-MOSFET 

showed a capability to switch very fast with a maximum 

rise time of 150 ns and with a fall time lower than 100 

ns.  
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Fig. 8.  Normalized voltage drop pulses over the SiC-

MOSFET with the dead-time compensation 

Fig. 9. Harmonic analysis of the output phase voltage 

with the dead-time compensation 

Therefore, the dead-time in case of utilizing the SiC-

MOSFET must be selected higher than 150 ns and it is 

better to be chosen as close as possible to this value, 

especially if the dead-time compensation strategies were 

not considered. On the other side, the compensation of 

the dead-time will lead to reduce the switching losses 

and the voltage-drop spikes, hence enhance the EMI 

behavior of the power inverter and the driven load. 

Fig.10 and Fig.11, depict the effect of dead-time 

compensation on the output phase voltage and phase 

current waveforms.  

In this part, two dead-time levels have been chosen in 

order to show the impact of the selected dead-time level 

on the THD and the overshooting voltage. The levels 

under investigation were 1 µs and 0.5 µs. The first case 

study was set to a 0.5 µs as the required dead-time. 

Consequently, the maximum overshooting was found 

30% of the applied DC-link voltage; the resulted total 

harmonic distortion was 20.3%. 

Fig. 10. The output phase voltage with dead-time 

effect compensation 

Fig. 11. The output phase current with dead-time 

effect compensation 

The increment of the dead-time over than a certain 

level will lead to increase the output harmonics on the 

load; for instance, the increment from 0.5 µs to 1 µs was 

leading to increase the THD around 3%. On the other 

hand, this increment was resulting in reducing the 

voltage spikes over the SiC-MOSFET. Therefore, the 

selection of the proper dead-time level depends on 

design goals and priorities between. In this work, we 

recommend a 0.5 µs as the best dead-time level in CB-

PWM for three-phase voltage source inverter based on 

SiC-MOSFETs.  

5. SUMMARY

This paper presented a simplified method for 

compensating the dead-time effect in CB-PWM, in 

contrast to the proposed methods in the literature. The 

superiority of the proposed method can be summarized 

in the less implementation requirements and complexity. 

Moreover, The results showed an enhancement on the 

output waveforms in terms of the smoothness and the 

generated harmonic levels due to the compensation of 

the dead-time effect.  

The dead-time in this work, was set to 0.5 µs in case 

of utilizing the SiC-MOSFET in VSI. This level was 

found as a good compromise between the overshooting 

voltage over the SiC-MOSFET and THD as presented in 

Table 1. In addition, the impact of increasing the dead-

time levels on the generated harmonics at the load side 

was investigated and summarized in Table 2. Finally, the 

proposed method is applicable on the different control 

topologies that depend on the carrier-based PWM 

control.  

Table 1. Dead-time  Compensation effect on THD and 

overshooting voltage) 

The Method THD 
Overshooting 

Voltage 

Compensated dead-time 

of 0.5 µs 
28% 5% 

Table 2. Dead-time effect on THD and overshooting 

voltage (without compensation) 

The Method THD 
Overshooting 

Voltage 

Without dead-time 59% 40% 

Dead-time of 5 µs 22% 25% 

Dead-time of 1 µs 23% 28% 

Dead-time of 0.5 µs 20% 30% 
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