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Abstract 

Compared to conventional cars, Electric Vehicle (EV) dramatically lessens 

greenhouse gas emissions.  This fact remains valid even after accounting for the power 

plants emissions that supply the battery chargers. That's why environmental groups and 

automakers are accelerating switching to plug-in cars. Nowadays there are more than 

1.3 million EVs on the roads, and the global monthly sales are about 50,000 units. EV 

has many advantages over internal combustion engine (ICE) vehicle. The main 

advantage is EV saves energy because its efficiency is about 60% and the efficiency of 

internal combustion engine is about 20%. So, many countries encourage EV 

manufacturers by bonuses and tax exemption 

  Many challenges face the rapid growth of EVs in use. As EV battery needs to be 

charged after 100km to 150km, the commercial success of EVs will depend on the 

deployment of a network of charging stations that will allow consumers to safely 

recharge vehicle batteries. There are many schemes about using the EV and 

consequence charging process. First scheme (for light use) EV battery can be charged 

at home during night and at work during morning. Another scheme, for frequent use, 

that EV can be charged everywhere. For the last scheme, chargers must be everywhere 

as charging stations areas at many places such as cinemas, theaters, shopping malls, 

parking places…etc. The charging time is another problem against EV. 

Charging time for normal EV is about 8 hours and it is very long time compared 

with fuel refilling process. So, in order to minimize charging time, a high power 

battery charger should be implemented. Many high power chargers based on traditional 

converters are available like full bridge push pull converter. However, traditional 

converters inject harmonics to the electrical network and suffer from poor power factor 

(PF). So high power chargers need power factor correction devices or additional circuit 

stage to increase PF value and that increases the complexity of the charger, and the  

overall cost.  

Matrix converter (MC) has been introduced as an AC-to-AC direct power 

conversion converter that can generate variable voltage and/or variable frequency 

output. MC has sinusoidal input current with high power factor. Different 

modifications and updates are applied to MC that have been introduced in literature 

trying to reduce number of active switches like Sparse Matrix Converter (SMC), Very 

Sparse Matrix Converter (VSMC), and Ultra Sparse Matrix Converter (USMC). By 

employing a suitable PWM technique, these switches can control the output voltages 

and input current simultaneously.  

In this thesis, Ultra Sparse Matrix Charger (USM Charger) is selected to replace old 

traditional converters. USM Charger is composite from the rectifier stage of USMC 

and inductor for smoothing charging current. The adopted battery charger topology 

attains the same advantage of input stage of MCs. This converter has advantages of 

high power factor, high efficiency, and low total harmonic distortion. This converter 

saves volume, weight, and money. USM Charger consists of only one stage to convert 


