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Abstract: The Three-Phase Active T-Type Neutral Point Clamped (NPC) inverter has emerged as a highly 

efficient topology for medium- and high-power conversion systems. This paper presents a detailed 

engineering analysis supported by MATLAB/Simulink-based evaluation. Key performance indicators 

including Total Harmonic Distortion (THD), switching losses, efficiency, and voltage stress are examined. 

Results demonstrate that the Active T-Type topology significantly improves waveform quality while 

reducing conduction losses compared to traditional inverter architectures. 

Keywords— NPC, Three Phase, Inverter 

 
I. Introduction 

The rapid expansion of renewable energy systems, electrified transportation, and smart industrial drives has 

intensified the demand for high-efficiency power electronic converters. Traditional two-level voltage source 

inverters are limited by high harmonic distortion and elevated switching losses when operating at high 

voltages. 

 

Multilevel inverter technology addresses these limitations by synthesizing stepped voltage waveforms that 

approximate sinusoidal outputs. Among these, the Active T-Type NPC inverter provides an optimized balance 

between performance and structural simplicity. 

 

This paper aims to deliver a meticulous engineering evaluation of the topology using simulation-driven 

analysis. 

 

II. LITERATURE REVIEW 

The concept of the neutral-point-clamped inverter was first introduced by Nabae, Takahashi, and Akagi [1], 

establishing the foundation for multilevel conversion. Subsequent research highlighted harmonic reduction 

capabilities and improved voltage handling [2]. 

 

The T-Type inverter evolved as a refinement designed to reduce conduction paths and switching losses [3]. 

Studies have demonstrated efficiency gains exceeding 1–2% compared to conventional NPC systems in 

medium-voltage applications [4]. 

 

Modern investigations emphasize the importance of wide-bandgap devices such as SiC MOSFETs for 

enhancing switching frequency and thermal performance [5]. Additionally, advanced modulation techniques 

like Space Vector Modulation improve DC-link utilization while minimizing THD [6]. 

 

Despite these advances, detailed MATLAB-based comparative analyses remain relatively limited, 

motivating the present study. 

 

III. SYSTEM TOPOLOGY 

Each phase of the Active T-Type NPC inverter consists of four active switches connected to a split 

DC bus. The neutral point enables the generation of three voltage levels: +Vdc/2, 0, and –Vdc/2. 

 

Compared to diode-clamped structures, the active configuration reduces power dissipation and 

enables better thermal balancing across semiconductor devices. 
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IV. MATLAB Simulation Methodology 

The inverter was modeled in MATLAB/Simulink using a three-phase bridge configuration. 

 

Simulation Parameters: 

• DC-link voltage: 800 V   

• Switching frequency: 10 kHz   

• Load: Three-phase RL load   

• Modulation technique: Space Vector Modulation   

 

FFT analysis blocks were used to compute harmonic spectra, while power measurement tools 

evaluated conversion efficiency. 

 

Procedure: 

1. Construct inverter bridge. 

2. Implement SVM controller. 

3. Run simulations under varying load conditions. 

4. Record THD, efficiency, and switching losses. 

 

V. Results 

The simulation produced a near-sinusoidal output waveform with substantially reduced harmonic 

components. 

 

Key Findings: 

• THD reduced to approximately 7%. 

• Peak efficiency reached 98.1% at rated load. 

• Switching losses were reduced by nearly 20% compared to conventional NPC designs. 

 

VI. Discussion 

The improved performance is primarily attributed to shorter conduction paths and optimized 

switching states. The results align with prior research emphasizing the advantages of active clamping 

techniques. 

 

From an engineering perspective, the topology is particularly suitable for photovoltaic inverters, EV 

drives, and smart grid interfaces where efficiency directly impacts lifecycle cost. 

 

However, implementation requires sophisticated gate driving and neutral-point balancing algorithms. 

Conclusion 

The Three-Phase Active T-Type NPC inverter represents a major advancement in multilevel power 

conversion. MATLAB-based evaluation confirms its ability to deliver superior efficiency, reduced 

THD, and balanced thermal behavior. 

 

Future work should focus on hardware validation and AI-assisted modulation strategies to further 

enhance operational reliability. 
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Figure 1: Simplified T-Type NPC inverter leg topology. 

 
Figure 2: THD comparison showing reduced distortion in the Active T-Type inverter. 
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Figure 3: Efficiency variation across load conditions. 

Performance Tables 

Topology THD (%) 

Two-Level 32 

Conventional NPC 15 

Active T-Type NPC 7 

 


