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What is an Inverter?



1. Inverter įƒȻĹƑ ŁƑŅƗ?
Inverter įƒȻŇĳưłȸƑ DC (Direct Current) ĩƒȻ AC (Alternating Current) 

ƆžĿĮư ƖžľƑĭưƮƖľƮƖŇƑ Power Electronic Converter žĿĮưŇĳưǄ

ƊľłƑ -

ÅSolar Panel Ÿ DC Output 

ÅBattery Ÿ DC Output 
ĻƓ DC ĩƒȻ 230V/400V AC ƆžĿĮư ƖžľƑĭưƮƖľƮĹƑ Inverter žĿĮưľƐĹŃưǄ

2. Inverter ƖĹſĩƒȻ IGBT ĽƗƭ MOSFET įƒȻǯľƓƮ ĪſƗĹƑŅƑƮ?

ĹĩŃưƖĹƑƭ Inverter ĩƒȻ IGBT Inverter, MOSFET Inverter įƒȻǯľƓƮ łĪſƗľƐǄ
IGBT ĽƗƭ MOSFET įƒȻĹƑ Inverter ĺƗłȸƑ ƆŇƬȻƮžľȽĹƗƭ Power Switching 

Device ƖĹſ žĿĮưľƐĹŃưǄ



1980s ïIGBT Revolution

Inverter/VFD ŇłƒȻĭưƮĹſĭư ƆƖńƮƆǱĩƓƮįƬȻƮ ƖžľƑĭưƮŅƗł̨ žĿĮưŇĳưǄ
IGBT łŽƑƮ ĮĹĭưƆŇƬȻƮžľȽŅƑƖŇƑƖǫĩƑĭƭư
ÅSwitching Frequency žłĭƭư 
ÅEfficiency žłĭƭư 
ÅCompact Size žĿĮưŅƑŇĳưǄ
HVAC Industry Ĺſĭư VFD łŽƑƮ ĮĹĭưĩŽŃưžľĽƭưĮſƑ ƆŇƬȻƮžľȽŅƑŇĳưǄ

1990s ïVector Control
Motor ĩƒȻ Frequency ĹĮưĪȻĹĳưƮłňȻĹưƖĹƑƭŁƗ

ÅTorque 

ÅFlux 
ÅSpeed ĹƒȻƭĩƒȻ ĹƒĩŽĮſƑ ĺƒĽưƮĪŽȽľưȱƒȻĭưŅƑŇĳưǄ
ƉƖĪĹưĹſĭư

ÅElevator 

ÅCNC Machine 

ÅChiller Compressor 
łŽƑƮĹſĭư VFD ƆŇƬȻƮžľȽł̨ ƆŅſĽưžłĭƭưĹĩưŅƑŇĳưǄ



2000s ïInverter Air Conditioner Era

Daikin Industries ǃ
Mitsubishi Electric ǃ
Panasonic Holdings ĹƒȻƭĩ
Residential Inverter AC łŽƑƮĩƒȻ ĩłɨƑƆȱȸƬƭ 
ĩŽŃưĩŽŃưžľĽƭưžľĽƭư ƖńƑĭưƮĪŽŅƑǫĩŇĳưǄ

2010s ïSiC MOSFET Era

Silicon Carbide (SiC) Power Devices łŽƑƮ 

ĮĹĭưƆŇƬȻƮžľȽŅƑŇĳưǄ
ƆƑƮŇƑĪŽĩưłŽƑƮ
ÅLoss ĽĳưƮ 

ÅTemperature žłĭƭưĪƬȱƒȻĭư 

ÅSwitching Speed žłĽư žĿĮưŇĳưǄ



ŃƖĽƭƖĪĹưInverter Technology ĩƒȻ

1.EV Fast Chargers 

2.Electric Vehicles 

3.Air Conditioning (VRV/VRF) 

4.Industrial VFD Systems 

5.Solar & Battery Storage 

6.Refrigeration Systems 

7.Elevators and Escalators

8.Wind Turbine

9.Railway Traction Systems 

10.Data Centers 

11.Speed Boat

12.CNC Machines

ĮŇĳƭưƖĽńƑłŽƑƮĹſĭưƆļƒĩƆŇƬȻƮžľȽŅƑǫĩǯľƓƮǃƆĺȼƮŇžĿĭƭưSiC MOSFET 

ĽĳưƮľĳƑƖǫĩƑĭƭưEfficiency 98% ĽƓƮľƐƮƆĺƒƖńƑĩưȷȸƒŅƑĩƑ
ĩłɨƑƭŅɀľưĮĮưĮſłưƮƆĭưƆŇƬȻƮĪŽł̨ǈ ƆƖžĪĪƬĽĳưƮľĳƑĹĮưĪȻžĿĮưŅƑƖĽľƐŇĳưǄ





What is the Oscillation?



Oscillation = Wave ĩƒȻĺȻĹưŅȻľưžĪĭưƮ
No Signal

     Ź

Oscillator

     Ź

Sine Wave

Modulation = Wave ĩƒȻžľȽžľĭưĺƒĽưƮĪŽȽľưžĪĭưƮ
Carrier Wave

      +

Control Signal

      Ź

Modulator

      Ź

PWM / AM / FM Signal

ĺƒȻƭƖǫĩƑĭƭưOscillator ŇĳưWave Generator žĿĮưǯľƓƮModulator ŇĳưWave 

Controller  žĿĮưŇĳưǄInverter, VFD, Servo Drive, EV Fast Charger, Solar 

Inverter ĮĽĮưłŽƑƮĹſĭưOscillation ȱȸĭƭưModulation ȱȸĮưłŽƒȽƮĮŅƬȻƮĩƒȻ
ƖľƐĭưƮĮľưƆŇƬȻƮžľȽǫĩľƐŇĳưǄ



Frequency įƒȻĹƑŁƑŅƗ

AC ŅɀľưĮĮưłȸƑ sine wave ĹĮưĪȻňƑ
ĹĮưĮĩɐĽƭưƆĹſĭưƮ ŁŃưȱȸĮưǱĩƒłư žľĽưŅĳưŅȸĳƭưľĹưŇŅƗ įƒȻĹƑĩƒȻ 

Frequency (Hz) ŅƒȻƭƖĪɄŇĳưǄ

éÙÝð τ

¶ 50 Hz Ÿ 1 second ƆĹſĭưƮ cycle 50 Ǳĩƒłư 

¶ 60 Hz Ÿ cycle 60 Ǳĩƒłư 



Oscillation Waveform
Voltage

  ^

  |

 +|      / \       / \

  |     /   \     /   \

  |    /     \   /     \
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Time

Oscillator ŇĳưSignal ĩƒȻ"ĿĽưĹƓƮ" 
ƖľƮƖŇƑCircuit žĿĮưŇĳưǄ
ƊľłƑ

Å4/Hz AC Generator 

Å10MHz Crystal Oscillator 

ÅPWM Carrier 10kHz Oscillator



Inverter ƆłŽƒȽƮƆĮƑƮłŽƑƮ
Application Ɔń ĪſƗłŃưįƒȻńĭư

(A) Square Wave Inverter
ÅƖȷȸƮƖňƑĭưƮĽĳưƮľĳƑ 

ÅHarmonic łŽƑƮ 

(B) Modified Sine Wave Inverter
ÅƖĮŽƮŇĩưŇƑ 

ÅFan, Light ƆĹſĩư 

(C) Pure Sine Wave Inverter
ÅHarmonic ĽĳưƮ 

ÅŃƖĽƭƖĪĹư ƆŇƬȻƮƆłŽƑƮįƬȻƮ 



SPWM (Sinusoidal PWM)

Pure Sine Wave žĿĮưƖĮńĽư PWM 

Modulation ƆŇƬȻƮžľȽŇĳưǄ

Carrier Wave

Reference Sine
~~~~~~~

ǫ̇̄ƒĭưƮŃȸȴǆ PWM Pulse łŽƑƮ ĺȻĹưŇĳưǄ

| | || ||||| |||||||



Pure Sine Wave Inverter ĹĳưƖįƑĩưľƬȻȱȸĭƭư ƆŅȻľưŅȻľưľƬȻ
Pure Sine Wave Inverter Ňĳư Battery łȸ DC Voltage (12V, 

24V, 48V) ĩƒȻ ƆƒłưŇƬȻƮ AC Power (220V/230V, 50Hz) ƆžĿĮư 
ƖžľƑĭưƮŅƗƖľƮƖŇƑ Electronic Power Converter žĿĮưŇĳưǄ
Output Waveform Ňĳư Utility Grid łȸŅƑƖŇƑ Sinusoidal 

Waveform ȱȸĭƭư ƆŅſĽưĽƓƮĮľưƖŇƑƖǫĩƑĭƭư

ÅAir Conditioner 

ÅRefrigerator 

ÅMedical Equipment 

ÅAudio System 

ÅComputer 

ÅIndustrial Control System 
ĹƒȻƭƆĹſĩư ƆƖĩƑĭưƮįƬȻƮ Inverter ƆłŽƒȽƮƆĮƑƮžĿĮưŇĳư



Feature Modified Pure Sine

Harmonic łŽƑƮ ĽĳưƮ

Motor Noise łŽƑƮ ĽĳưƮ

Efficiency ĽĳưƮ žłĭƭư

AC Motor ľȼŅſŃư ƖĩƑĭưƮ

Electronics łŇĭƭư Ňĭƭư

Price ŇĩưŇƑ ľƒȻƖĮŽƮǱĩƓƮ

Modified Sine Wave ȱȸĭƭư Pure Sine Wave ĩſƑžĪƑƮĪŽĩư



Pure Sine Inverter EV Traction Inverter

Single Phase Output Three Phase Output

50Hz Fixed Variable Frequency

Home Appliance PMSM Motor Drive

SPWM SVPWM + FOC

230VAC 400Vï800V Motor Drive

EV Inverter ȱȸĭƭư Pure Sine Wave Inverter ĩſƑžĪƑƮĪŽĩư

Pure Sine Wave Inverter ĹĮưŅƬȻƮĹſĭư Ɔļƒĩ ƆľƒȻĭưƮ ǖ ľƒȻĭưƮ ȷȸƒŇĳưǄ

1.Battery DC Input 

2.DC-DC Boost Converter 

3.DC Link Capacitor 

4.H-Bridge MOSFET Inverter 

5.SPWM + LC Output Filter 

ĺƒȻƆľƒȻĭưƮłŽƑƮ ƖľƐĭưƮĮľưƆŅȻľưŅȻľưžĪĭưƮžĿĭƭư 12V/24V/48V Battery łȸ Grid 

ȱȸĭƭưĹȼƖŇƑ 230V 50Hz Pure Sine Wave AC ĩƒȻ ĺȻĹưƖľƮȱƒȻĭưžĪĭưƮ 

žĿĮưľƐŇĳưǄ



Battery DC

ƅ

Ƹ

EMI Filter

ƅ

Ƹ

DC-DC Converter

(12VŸ400VDC)

ƅ

Ƹ

DC Link Capacitor

ƅ

Ƹ

H-Bridge MOSFET

ƅ

Ƹ

SPWM / SVPWM

ƅ

Ƹ

LC Filter

ƅ

Ƹ

230VAC 50Hz

Pure Sine Wave



PWM (Pulse Width Modulation) įƒȻŇĳưłȸƑŁƑŅƗ



Modulation (Signal Control / Signal Modification)

Modulation įƒȻŇĳưłȸƑȷȸƒǯľƓƮŇƑƮCarrier Signal ĹĮưĪȻǈ

ωAmplitude 
ωFrequency 
ωPhase 

ĹƒȻƭĩƒȻInformation Signal žĿĭƭưƖžľƑĭưƮŅƗĺƒĽưƮĪŽȽľưžĪĭưƮžĿĮưŇĳưǄ





 
 

STEP 2 ± DC Bus Storage 

Capacitor ǥÄòüÝÿðüĀÚÈûþ DC voltage Äñó smooth àóÙþÕðüâÎþď 

 

STEP 3 ± DC to Variable Frequency AC 

IGBT / MOSFET transistor switching ĀÚÈûþ 

åâÉþõâð AC waveform ÄñóĀÙØþÔÎþõÊðÄþâÎþď 

ÖòõØßðÝĂð Frequency Modulation ĀÚÉþâÎþď 



VVVF (Variable Voltage Variable Frequency) 



VVVF (Variable Voltage Variable Frequency) ĽĳưƮľĳƑįƒȻŇĳưłȸƑ AC 

Motor ǈ ƆžłĽưǫ̇̄ĽưƮ (Speed) ȱȸĭƭư Torque ĩƒȻ ĹƒĩŽĮſƑ ĺƒĽưƮĪŽȽľưńĽư 

Voltage ȱȸĭƭư Frequency ĩƒȻ ƆĹȼĹĩſ ƖžľƑĭưƮŅƗƖľƮƖŇƑ Inverter 

Control ĽĳưƮľĳƑ žĿĮưľƐŇĳưǄ
VVVF ĩƒȻ VFD (Variable Frequency Drive) ňȻŅĳưƮ ƖĪɄǫĩǯľƓƮ 

Elevatorǃ Electric Trainǃ HVACǃ Water Pumpǃ Fanǃ Conveyorǃ Crane 

ĮŇĳƭư ĮĽĮưłŽƑƮĹſĭư ƆŅſĽưƆŇƬȻƮłŽƑƮľƐŇĳưǄ

ǒǄ VVVF ǈ ƆƖžĪĪƬƆŅȻľưŅȻľưľƬȻ
Motor Speed Ňĳư Frequency ƖľɄĹſĭư Ɔļƒĩ łȼĹĳưŇĳưǄ

Motor Speed Formula

ὔ
ρςπὪ

ὖ
ÅNs = Synchronous Speed (rpm) 

Åf = Frequency (Hz) 

ÅP = Pole Number 
ƊľłƑ

Å50 Hz Ÿ 1500 rpm (4 Pole) 

Å25 Hz Ÿ 750 rpm 

Å10 Hz Ÿ 300 rpm 
ĺƒȻƭƖǫĩƑĭƭư Frequency ƖŅɀƑƭŅɀĭư Motor Speed ƖŅŽƑƭŇſƑƮŇĳưǄ



Frequency Voltage

50 Hz 400 V

40 Hz 320 V

30 Hz 240 V

20 Hz 160 V

10 Hz 80 V

Voltage ĩƒȻ ŁƑƖǫĩƑĭƭư ŅƒȻĩưƖžľƑĭưƮńŇŅƗ
Motor Flux ĩƒȻ łƖžľƑĭưƮƖĮńĽư

ὠ

Ὢ
ὅέὲίὸὥὲὸ

žĿĮưƖƆƑĭư ĺƒĽưƮĺƑƮńŇĳưǄ
ƊľłƑ
ĻƐĩƒȻ Constant V/F Control ňȻ ƖĪɄŇĳưǄ



Voltage ƖžľƑĭưƮńĭư Current (Ampere) ľƐ ŅƒȻĩưƖžľƑĭưƮŇŅƑƮ?
ƆƖžĿłȸƑ ï ňȻĹưľƐŇĳưǄ ŇƒȻƭƖŇƑư Voltage ƖǫĩƑĭƭư łňȻĹưŁƗ Load 

ƖǫĩƑĭƭư Current ƖžľƑĭưƮľƐŇĳưǄ

Current ĩƒȻ Ɔļƒĩ įƬȻƮžĿĹưƖľƮƖŇƑƆńƑłȸƑ

ÅMotor Load 
ÅTorque ŅƒȻƆľưĪŽĩư 

ÅSpeed 

ÅEfficiency 
ĹƒȻƭžĿĮưŇĳưǄ
Voltage ĩƒȻ Controller ĩ ĪŽƒĽưƖľƮƖŇƑưŅĳưƮ Current ĩƒȻ Motor ĩ 

ŅƒȻƆľưŇƖŅƑĩưŇƑ ŃȼŇĳưǄ

ƊľłƑ (ǒ) ð Load łȷȸƒ
Motor ĩƒȻ ƖŅĺƗĹſĭư ŅȸĳƭưƖĽŇĳưįƒȻľƐĮƒȻƭǄ

50 Hz

ÅVoltage = 400V 

ÅCurrent = 2A 

25 Hz

ÅVoltage = 200V 

ÅCurrent = 1.8A 
Current Ňĳư ƆĽĳưƮĭŃưŇƑ ƖŅŽƑƭŇĳưǄ



ƊľłƑ (Ǔ) ð Load łŽƑƮŅƑ
Conveyor ƖľɄĹſĭư ľĮɕĳưƮłŽƑƮłŽƑƮĹĭưĺƑƮŇĳưǄ

50 Hz

ÅVoltage = 400V 

ÅCurrent = 15A 

25 Hz

ÅVoltage = 200V 
Torque ĩƒȻ ĺƒĽưƮĺƑƮńĽư Current Ňĳư

Å15A 

Å18A 

Å20A 
Ɔĺƒ ĹĩưȱƒȻĭưŇĳưǄ
Voltage ƖŅŽƑƭƖŇƑưŅĳưƮ Current ĹĩưȱƒȻĭưľƐŇĳưǄ

ƊľłƑ (ǔ) ð Lift

Lift ĮĹĭưƖłƑĭưƮĪŽƒĽư

ÅFrequency = 5 Hz 

ÅVoltage = 40 V 
ŇƒȻƭƖŇƑư
Cabin ĩƒȻ ĮĹĭưįſƗńƖŇƑƖǫĩƑĭƭư
Current = Rated Current ĽƓƮľƐƮ
žĿĮưȱƒȻĭưŇĳưǄ



Torque ȱȸĭƭư Current ǈ įĩưȱſŃưł̨
Induction Motor Ĺſĭư

Torque  θCurrent
Current łŽƑƮƖŅ
Torque łŽƑƮƖŅ žĿĮưŇĳưǄ
ĺƒȻƭƖǫĩƑĭƭư
Voltage ƖŅŽƑƭƖĽƖŇƑưŅĳưƮ
Load ǱĩƓƮŅɀĭư Current ĹĩưȱƒȻĭưŇĳưǄ

ǕǄ VVVF Drive ƆĹſĭưƮ Controller ĩ 

ŁƑŅȻľưƖĽŇŅƗ?

Controller Ňĳư
1.Speed Command ĩƒȻ ŅĩưĪƬŇĳưǄ 
2.Frequency ƆŇĮưĹſĩưŇĳưǄ 
3.Voltage ĩƒȻ V/F ƆĪŽƒȽƮƆĹƒȻĭưƮ ƖžľƑĭưƮŇĳưǄ 
4.Current ĩƒȻ ƆǯłƗƖĮƑĭƭưǫĩĳƭưŇĳưǄ 
5.Current łŽƑƮŅɀĭư PWM ĩƒȻ žľĭưįĭưŇĳưǄ 

6.Torque ĩƒȻ ĺƒĽưƮƖľƮŇĳưǄ 





SiC Gate Driver Circuit įƒȻĹƑ ŁƑŅƗ?
SiC MOSFET (Silicon Carbide MOSFET) Ňĳư ŇƑłĽư Silicon IGBT ĺĩư
ÅSwitching Speed žłĭƭư 
ÅSwitching Loss ĽĳưƮ 

ÅHigh Voltage ĪƬȱƒȻĭư 

ÅHigh Temperature ĪƬȱƒȻĭư 

ƖŇƑưŅĳưƮ Gate Drive Circuit ĩƒȻ ƆŅſĽưĹƒĩŽĮſƑ ĻƓİƒȻĭưƮŅȻľưńŇĳưǄ
Train VVVF Inverter, Solar NPC Inverter, EV Inverter łŽƑƮĹſĭư Gate Driver Ňĳư Power Electronics 

System ǈ "ƆŇĩư" ňȻľĭư įƒȻȱƒȻĭưŇĳưǄ



SiC Gate Driver Overall Architecture
DSP / FPGA Controller

         ƅ

         Ƹ

PWM Signal

         ƅ

         Ƹ

Digital Isolator

         ƅ

         Ƹ

Gate Driver IC

         ƅ

 ƆƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƄƇ

 ƅ                ƅ

 Ƹ                Ƹ

+18V Supply   - 5V Supply

 ƅ                ƅ

 ƈƄƄƄƄƄƄƄƌƄƄƄƄƄƄƄƄƉ

         Ƹ

     SiC MOSFET



VFD (Variable Frequency Drive) ĩ ŁƑŅƗ?
Inverter ȱȸĭƭưƆĹȼĹȼŁƗŅƑƮ



VFD Drive ĽƗƭ Inverter ƆĹȼĹȼŅƑƮ?

"ƆĹȼĹȼŅĳưƮ ňȻĹưĹŃưǃ łňȻĹưŅĳưƮ łňȻĹưŁȼƮ" ŅƒȻƭ ƖžľƑȱƒȻĭưľƐĹŃưǄ

Basic Inverter
DC Ÿ AC ƖžľƑĭưƮƖľƮȶƬȻ

Battery

   Ź

Inverter

   Ź

230VAC

VFD (Variable Frequency Drive)
Motor Speed ĩƒȻ Control ŅȻľưĿƒȻƭ
AC Input

   Ź

Rectifier

   Ź

DC Bus

   Ź

Inverter (IGBT)

   Ź

Variable Frequency AC

   Ź

Motor

VFD ĺƗłȸƑ Inverter ľƐņĭưǯľƓƮŇƑƮ žĿĮưľƐĹŃưǄ





VVVF (Variable Voltage Variable Frequency) system ĩ modern elevator ĹĮưĮƓƮńƗƭspeed control + torque 
control + ride quality + energy efficiency + safety coordination ƆƑƮŅƬȻƮńƗƭÒcentral power brain¬ 
ŅƒȻƭƖžľƑŅƒȻƭńľƐĹŃưǄ Brake, torque, jerk, start/stop smoothness ĹƒȻƭĩ VVVF łľƐńĭưÒmechanically 
žĿĮưĮńƑȷȸƒƖľłŃƭưcomfort & precision łńȱƒȻĭưÓŇŅƒȻžĿĮưŇſƑƮľƐĹŃưǄ



VFD = Rectifier + DC Bus + IGBT Inverter 

+ DSP Controller
PWM  Ňĳư IGBT łŽƑƮĩƒȻ ON/OFF ŅȻľưǆ 

Variable Voltage/Variable Frequency 3-Phase 
AC ĩƒȻ ĺȻĹưƖľƮƖŇƑ ĽĳưƮľĳƑžĿĮưŇĳưǄ

V/Hz Control
ÅȶƒȻƮȷȸĭưƮ 

ÅPump/Fan łŽƑƮƆĹſĩư ŇĭƭưƖĹƑư 
ÅCost ĽĳưƮ 

FOC (Vector Control)
ÅTorque ĩƒȻ ĹƒĩŽĮſƑ ĺƒĽưƮȱƒȻĭư 

ÅElevatorǃ EVǃ Inverter Compressor łŽƑƮƆĹſĩư 

ŇĭƭưƖĹƑư 
ÅPerformance ƆƖĩƑĭưƮįƬȻƮ





What is the Difference

Between with Inverter and

Motor Controller?



Inverter
ÅDC ĩƒȻ AC ƖžľƑĭưƮƖľƮƖŇƑ Power Electronics Device 

ÅIGBT/MOSFET łŽƑƮžĿĭƭư ĿſƗ̸ĮĳưƮĺƑƮŇĳư 

ÅVoltage ȱȸĭƭư Frequency ĩƒȻ ĺȻĹưƖľƮŇĳư 

Motor Controller
ÅMotor ǈ Speed, Torque, Direction, Protection łŽƑƮĩƒȻ
ĺƒĽưƮĪŽȽľưƖŇƑSystem 

ÅController ĺƗĹſĭưInverter ľƐņĭưȱƒȻĭưŇĳư 

ƆƖńƮǱĩƓƮįƬȻƮ łȸĹưŇƑƮńĽư
Inverter ŇĳưPower Conversion Device žĿĮưǯľƓƮMotor 

Controller ŇĳưControl System žĿĮưŇĳưǄ
VFD Drive ĹĮưŅƬȻƮĹſĭưInverter ȱȸĭƭưMotor Controller 

ȱȸĮưłŽƒȽƮŅƬȻƮľƐņĭưƖŅƭȷȸƒŇĳưǄ



Motor Controller įƒȻŇĳưłȸƑŁƑŅƗ?

Motor Controller Ňĳư Motor ĩƒȻ ĺƒĽưƮĪŽȽľưńĽư ƆŇƬȻƮžľȽƖŇƑ 

System žĿĮưŇĳưǄ
ĺƒĽưƮĪŽȽľưȱƒȻĭưƖŇƑ ƆńƑłŽƑƮ -

ÅStart / Stop 

ÅSpeed Control 

ÅTorque Control 

ÅDirection Control 

ÅProtection 

Motor Controller ĺƗĹſĭư

ÅContactor 

ÅRelay 

ÅPLC 

ÅDrive 

ÅInverter 

ÅMicroprocessor 

ĮŇĳưĹƒȻƭ ľƐņĭưȱƒȻĭưŇĳưǄ



Inverter Motor Controller

Power Conversion Device Control System

DC ĩƒȻ AC ƖžľƑĭưƮƖľƮŇĳư Motor ĩƒȻ ĺƒĽưƮĪŽȽľưŇĳư

IGBT/MOSFET ƆŇƬȻƮžľȽŇĳưPLC, MCU, Relay, Drive ƆŇƬȻƮžľȽȱƒȻĭưŇĳư

Voltage/Frequency ĺȻĹưƖľƮŇĳư Speed/Torque/Direction ĺƒĽưƮŇĳư

Motor łȷȸƒŅĳưƮ ƆŇƬȻƮžľȽȱƒȻĭưŇĳưMotor ȷȸƒłȸ Ɔļƒĩ ƆŇƬȻƮņĭưŇĳư

Ɔļƒĩ ĩſƑžĪƑƮĪŽĩư



Air Conditioners



Single Phase Inverter Air Conditioner (AC) łŽƑƮĹſĭư "Inverter" įƒȻŇĳưłȸƑ Compressor 

Motor Speed ĩƒȻ Variable Frequency žĿĭƭư ĺƒĽưƮĪŽȽľưȱƒȻĭưƖŇƑ Power Electronics System ĩƒȻ 

įƒȻŅƒȻľƐŇĳưǄ
ľƬȻłȸĽư Non-Inverter AC Ĺſĭư Compressor Ňĳư ON/OFF ľƗ ŅȻľưȱƒȻĭưƖŇƑưŅĳưƮ Inverter AC 

Ĺſĭư Compressor Speed ĩƒȻ 20Hz łȸ 120Hz ĪĽƭưƆĺƒ ƖžľƑĭưƮŅƗȱƒȻĭưƖŇƑƖǫĩƑĭƭư 
ŅɀľưĮĮưĮſłưƮƆĭưŇĩưŇƑǯľƓƮ Temperature Control ľƒȻłƒȻĹƒĩŽľƐŇĳưǄ



Inverter Air Conditioner łŽƑƮǈ ƆļƒĩŅɀƒȽ̸ņȸĩưĪŽĩưĩ Single Phase Input Ÿ DC Ÿ Three 

Phase Output ƖžľƑĭưƮƖľƮžĪĭưƮ žĿĮưľƐĹŃưǄ
ƆƖžĪĪƬ Principle

Single Phase AC Supply
230VAC

 L ƄƄƄƄƄƇ

        ƅ

 N ƄƄƄƄƄƉ

ĩƒȻ Rectifier žĿĭƭư DC ƖžľƑĭưƮŇĳưǄ

230VAC

   ƅ

   Ƹ

Bridge Rectifier

   ƅ

   Ƹ

325VDC

(230 × 1.414 å 325VDC)
ĺƒȻƭƖĽƑĩư IGBT/MOSFET Module ĩ PWM Switching žĿĭƭư Artificial Three-Phase AC ĩƒȻ 

žľĽưĺȻĹưƖľƮŇĳưǄ

325VDC

   ƅ

   Ƹ

IGBT Inverter

   ƅ

   Ƹ

U Phase

V Phase

W Phase

"Single Phase ņĭưǯľƓƮ Three Phase ŁŃưŅƒȻ ĺſĩưȱƒȻĭưĹƑŅƗ?"

ƆƖǫĩƑĭưƮłȸƑ Inverter ĩ Grid ĩŅƑĹƗƭ AC ĩƒȻ ĹƒȻĩưȶƒȻĩưłŇƬȻƮƖĹƑƭŁƗ DC Bus ĺƗŇƒȻƭ ŇƒłưƮĺƑƮǯľƓƮ 

Semiconductor Switch łŽƑƮžĿĭƭư Three Phase Waveform ĩƒȻ "ĿĽưĹƓƮ" ĺȻĹưƖľƮžĪĭưƮ žĿĮưŇĳưǄ
ƊľłƑ

U Phase = 0°

V Phase = 120°

W Phase = 240°

Phase ǔ ĪȻĩƒȻ Microcontroller ĩ PWM žĿĭƭư ĺƒĽưƮĪŽȽľưƖľƮŇĳưǄ



Compressor Motor ĩ Three Phase 

Motor ŅƑƮ?
ňȻĹưľƐĹŃư
Inverter AC Compressor łŽƑƮǈ 95% 

ƖĩŽƑưłȸƑ

ÅPMSM (Permanent Magnet 

Synchronous Motor) 

ÅBLDC Motor 
łŽƑƮ žĿĮưǯľƓƮ Three Phase Stator ȷȸƒŇĳưǄ
Compressor Terminal Box Ĺſĭư

U

V

W

ŇƬȻƮƖĪŽƑĭưƮ ƖĹſ̸ńŇĳưǄ



Advantage of DC Inverter Power Control
Å DC inverter power control uses its full capacity at startup to cool quickly.

Å Once set temperature is reached, it precisely adjusts current frequency to 

prevent temperature fluctuation and energy loss



Inverter Technology : The Basics

Inverter devices which convert commercial AC electricity 

to alternating current with adjustable frequency and 

voltage. Rotational speed of compressor can be altered 

freely by inverter.



AC/DC

AC = +/ - voltage changes 

U (V)

t(s)

U (V)

t(s)

DC = no voltage changes 

Vavg = 0 Vavg 0̧

Inverter Technology : The Basics



Changing Frequency of AC

U (V)

t(s)

U (V)

t(s)

f = 50 Hz f = 70 Hz

We will change Compressor Speed by

changing the Frequency

N= 120 f/p

N : number of motor rotation

P : number of poles

F : Frequency 

Inverter Technology : The Basics



4. Frequency Modulation àóÙþÙúó åõĀÅÅú 

Inverter ÔÉþÅóåÔāÈþüÝĂð åÊÈûþ ć ÊÈûþ ßĂñâÎþď 

 

STEP 1 ± AC to DC Conversion 

AC Input Äñó Rectifier ĀÚÈûþ DC õĀÙðÈþüâÎþď 

 
 



Rectifier to DC Bus



Example of AC ­ DC Rectifier

IN
OUT

+

-

+

-

AC

DC

Inverter Technology : The Basics



IN
OUT

-

+

+

-

AC

DC

Example of AC ­ DC Rectifier

Inverter Technology : The Basics



Example of AC ­ DC Rectifier

Result: AC ­ DC

U (V)

t(s)

U (V)

t(s)

Inverter Technology : The Basics



Smoothing the DC

U (V)

t(s)

By using a Capacitor

Inverter Technology : The Basics



DC Ÿ AC Inverter

Inverter Technology : The Basics



Converting Pure DCV to Digital ACV

+

E

V -

+ V

- V

S 1

S 2

+ + +0 0 0 0

0 + 00 + 0 +

0

- E

+ E

Time

By changing the switch speed,

we can change the Frequency. 

f (Hz)

Inverter Technology : The Basics



Inverter Output Stage
Compressor Motor ĩƒȻThree Phase žĿĭƭưƖłƑĭưƮńĽưIGBT/MOSFET 6 ŅƬȻƮƆŇƬȻƮžľȽĺƑƮŇĳưǄ

*20/VDC

                ƅ

        ƆƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƇ

        ƅ               ƅ

       Q1              Q3

        ƅ               ƅ

        +----- U--------- +

        ƅ

       Q2

        ƅ

       DC-

        ƆƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƇ

        ƅ               ƅ

       Q5              Q6

        ƅ               ƅ

        +----- V--------- +

        ƅ

       Q4

        ƅ

       DC-

        ƆƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƇ

        ƅ               ƅ

       Q7              Q9

        ƅ               ƅ

        +----- W--------- +

        ƅ

       Q8

        ƅ

       DC-

ƆłȸĽưĹĩŃưĹſĭư5,Switch Three Phase Bridge žĿĮưŇĳưǄ

*DC

             ƅ

      Q1     Q3     Q5

       ƅ      ƅ      ƅ

       U      V      W

       ƅ      ƅ      ƅ

      Q2     Q4     Q6

             ƅ

            - DC



P.W.M. = Improving the AC

Pulse Width Modulation

Inverter Technology : The Basics



Inverter Circuit

Inverter Technology : The Basics



The Air -  Conditioning Inverter

AC - DC Rectifier
with Smoothing

DC - AC Inverter
with P.W.M.

IN OUT

Inverter Technology : The Basics



Overview of the different Phases
Name Function

Diode Module  Rectify AC and convert it to DC.

Smoothing circuit  Make DC smoother by charging and discharging.

Capacitor

Reactor   Decrease ripples.

Power transistor  Make AC of approximate sine waves by dividing DC.

Control section  Emit signal to switch on power transistor when 

   operation and frequency setting commands are received.



Summary

IN: 240 VAC
f = 50 Hz

OUT: 240 VAC
f = variable





How to Play in

Room Air conditioners

And

VRV,VRF system



220 VAC Single Phase

ƅ

EMI Filter

ƅ

Bridge Rectifier

ƅ

DC Bus Capacitor

å 310~340 VDC

ƅ

IGBT/IPM Inverter

ƅ

U V W

ƅ ƅ ƅ

3-Phase PMSM Compressor

U, V, W Ňĳư Three-Phase ŅƑƮ?
ňȻĹưľƐĹŃưǄ
U, V, W Ňĳư
Å120° Phase Shift ȷȸƒƖŇƑ 

ÅPWM žĿĭƭư ĿĽưĹƓƮĺƑƮŇĳƭư 

ÅVariable Voltage 

ÅVariable Frequency 
Three-Phase Output žĿĮưŇĳưǄ
ŇƒȻƭƖŇƑư
Power Grid ĩƗƭŇƒȻƭ 50 Hz Sinusoidal Wave 

ƆĮĮưłňȻĹưľƐǄ
PWM Wave ĩƒȻ Motor Inductance ĩ Filter 

ŅȻľưǯľƓƮ Sinusoidal Current ĽƓƮľƐƮ žĿĮưƖĮľƐŇĳưǄ



Compressor Speed Frequency Line-Line Voltage (U-V)

Low Speed 15 Hz 60ï100 V

Medium Speed 35 Hz 150ï200 V

Full Speed
60ï120 Hz 
(ƖłƑưĻŃưƆŅƒȻĩư)

220ï300 V ĪĽƭư

U-V, V-W, W-U ĹƒȻĭưƮŅɀĭư 220V ŅƑƮ?
łƖŇĪŽƑľƐǄ
Output Voltage Ňĳư Compressor Speed ƖľɄłȼĹĳưǆ ƆǯłƗƖžľƑĭưƮƖĽŇĳưǄ
ƊľłƑ
ƆĪŽƒȽ̸ Model łŽƑƮĹſĭư ƆžłĽưǫ̇̄ĽưƮžłĭƭưĮſƑ ŅĳưľĹưĪŽƒĽưǅ Line-to-Line RMS Ňĳư 300 V 

ƖĩŽƑưȱƒȻĭưľƐŇĳưǄ









ƆĪŽĩư Single Phase Split AC Three Phase VRV/VRF

Input 220 VAC 380ï415 VAC

DC Bus 310ï340 VDC 540ï650 VDC

Output PWM 3-Phase PWM 3-Phase

Compressor PMSM/BLDC PMSM

Maximum Line Voltage
~220ï300 VAC (Model 
ƖľɄłȼĹĳư)

~380ï415 VAC (Model 
ƖľɄłȼĹĳư)

VRV/VRF ȱȸĭƭư Split AC ĩſƑžĪƑƮĪŽĩư











What is Inverter ?

ECONOMIC
OPERATION

TRUE 
COMFORT

Inverter ControlEnergy 
Consumption 

Human 
Comfort 



From Power supply To Electric motor

INVERTER 

Section

Principle of Inverter 



Principle of Inverter 

Converter~ Inverter

Power Supply Compressor



Highly Efficient Operation Medium Rotation Speed

Compressor

Inverter Control



Highly Efficient Operation

Compressor

Inverter Control

High Rotation Speed

(Start Operation)



Compressor

Inverter Control

Highly Efficient Operation Low Rotation Speed

(Reach to set temperature)



Illustrated Operation in Cooling Mode

Too Warm

Comfortable

Too Cold

Start of Cooling Mode

: With Inverter : Without Inverter 

Quickly to reach 

comfort zone  
Quick & Powerful

After reaching preset temperature

Keep temp.

in comfort zone Room temp. Maintained







ASIA OCEANIA TRAINING CENTER  



ASIA OCEANIA TRAINING CENTER  







Fans and Pumps



3- Phase AC Supply

        ƅ

        Ƹ

 EMI Filter

        ƅ

        Ƹ

Rectifier (AC Ÿ DC)

        ƅ

        Ƹ

 DC Link Capacitor

        ƅ

        Ƹ

IGBT Inverter (DC Ÿ Variable AC)

        ƅ

        Ƹ

Induction Motor / PMSM

        ƅ

        Ƹ

Fan or Pump

Motor Speed ĩƒȻ

ÅFrequency (Hz) 

ÅVoltage (V) 

ȱȸĮưĪȻŅƬȻƮĩƒȻ ƖžľƑĭưƮŅƗǆ ĺƒĽưƮĪŽȽľưľƐŇĳưǄ

Ventilation Fan ȱȸĭƭưWater Pumping System łŽƑƮĹſĭưInverter Technology (Variable Frequency Drive -

VFD) ĩƒȻƆŇƬȻƮžľȽńžĪĭưƮǈƆļƒĩńĳưńſŃưĪŽĩưłȸƑMotor Speed ĩƒȻLoad ƆŅƒȻĩưƆŅƒȻƆƖŅŽƑĩư
ƖžľƑĭưƮŅƗĺƒĽưƮĪŽȽľưńĽưžĿĮưľƐŇĳưǄŃĪĭưDOL (Direct-On-Line) ĮĽĮưĩƗƭŇƒȻƭMotor ĩƒȻ100% Speed žĿĭƭư
ƆǯłƗŅĳưƖĮžĪĭưƮłňȻĹưŁƗŅƒȻƆľưŇƖŅƑĩưŇƑŅĳưľĹưƖĮŇžĿĭƭưŅɀľưĮĮưĮſłưƮƆĭưĩƒȻ30ï70% Ɔĺƒ
ƖĪȿĹƑȱƒȻĭưľƐŇĳưǄ

Frequency Motor Speed

50Hz 1500 rpm

40Hz 1200 rpm

30Hz 900 rpm

20Hz 600 rpm







Terminal Function

DI1 Forward Run (ƖłƑưĹƑ ŅȸĳƭưĮ)

DI2 Reverse Run

DI3 Jog / Multi-speed

COM Digital Common

AI1 0ï10V Speed Reference

AI2 4ï20mA Signal

GND Analog Ground

TA/TB/TC Relay Output

AO1 Analog Output

AO-GND AO Ground

ľƬȻƆĹſĭưƮľƐņĭưƖŇƑ Ɔļƒĩ 
Terminals łŽƑƮ



1. Digital Input Wiring

Forward / Reverse Control

Dry Contact
Push Button ŇƒȻƭłňȻĹư Selector Switch žĿĭƭư VFD ĩƒȻ 

Start/Stop ŅȻľưȱƒȻĭưŇĳưǄ

Forward PB Ÿ DI1

Reverse PB Ÿ DI2

COM Ÿ Common
ƆŇƬȻƮłŽƑƮƖŇƑ Logic

ÅDI1 ȱȸĭƭư COM ĩƒȻ Short ŅȻľưŅɀĭư Forward Run

ÅDI2 ȱȸĭƭư COM ĩƒȻ Short ŅȻľưŅɀĭư Reverse Run



Analog Input (Speed Control)

0ï10V Potentiometer Speed Control

10V Ÿ Potentiometer +

AI1 Ÿ Wiper

GND Ÿ Potentiometer ī
AI1 ŇƒȻƭ 0ï10V ľƒȻƭǆ Frequency ĩƒȻ 0ï50Hz (ŇƒȻƭ) 0ï60Hz ĺƒ 
ĺƒĽưƮĪŽȽľưȱƒȻĭưŇĳưǄ

4ï20mA Pressure / Flow Sensor

Process Control

Pressure Sensor + Ÿ AI2

Pressure Sensor ī Ÿ GND

AI2 = 4ï20mA
Pump PID Control Ĺſĭư ƆłŽƑƮįƬȻƮ ƆŇƬȻƮžľȽŇĳưǄ



Digital Output (Relay Output)

Fault / Run Indication

TA = NO

TB = COM

TC = NC
VFD Run žĿĮưŅɀĭư Relay Contact ƖžľƑĭưƮŇſƑƮǯľƓƮ Indicator Lamp 

ŇƒȻƭłňȻĹư PLC Input ŇƒȻƭ Signal ƖľƮȱƒȻĭưŇĳưǄ

Analog Output (AO)

Frequency Feedback

AO1 Ÿ Meter +

AO-GND Ÿ Meter ī

0ï10V / 4ï20mA
Output Frequency, Motor Current, Speed ĮŇĳưĹƒȻƭĩƒȻ 
žľĽưŅĳưľƒȻƭƖľƮȱƒȻĭưŇĳưǄ

Industrial Standard Wiring

Pump Control Example

Start PB Ÿ DI1

Stop PB Ÿ DI2

Pressure Sensor 4ï20mA Ÿ AI2

Run Lamp Ÿ TA/TB

Frequency Feedback Ÿ AO1



Typical VFD HMI Layout
ƆƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƇ

ƅ            VFD DISPLAY              ƅ

ƊƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƋ

ƅ Frequency : 50.00 Hz                ƅ

ƅ Speed     : 1450 RPM                ƅ

ƅ Current   : 12.5 A                  ƅ

ƅ Voltage   : 400 V                   ƅ

ƅ Status    : RUN FWD                 ƅ

ƅ Fault     : NONE                    ƅ

ƈƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƉ

      ƶ      Ƹ

   Up Key   Down Key

ƹ ESC        ENTER Ʒ

RUN      STOP/RESET

FWD/REV      JOG

LOCAL/REMOTE

MENU



Button Function

RUN Motor ĮĹĭưŅĳưľĹưƖĮŇĳư

STOP / RESET Motor ńľưƖĮǯľƓƮ Fault Reset ŅȻľưŇĳư

FWD Forward Rotation

REV Reverse Rotation

JOG ƆĪŽƒĽưĹƒȻŅĳưƖĮžĪĭưƮ

ƶ Ƹ Frequency ĹƒȻƮ/ƖŅɀƑƭ

ENTER Parameter ŇƒłưƮžĪĭưƮ

ESC Menu žľĽưĺſĩưžĪĭưƮ

MENU Parameter Setting Menu

LOCAL / REMOTE
Keypad Control ȱȸĭƭư External Control 

ƖžľƑĭưƮžĪĭưƮ

Button łŽƑƮǈ Function



HMI Display Ĺſĭư ƆłŽƑƮįƬȻƮžľŇƖŇƑ Data

Motor Frequency

50.00 Hz

Motor Current

15.8 A

Output Voltage

398 V

DC Bus Voltage

565 V

Motor Speed

1475 RPM

Motor Torque

72 %

Output Power

5.3 kW

Status

RUN

Direction

Forward

Fault Code

No Fault



Parameter Setting Menu

MAIN MENU

 Motor Parameters

 Basic Setup

 Speed Reference

 Acceleration Time

 Deceleration Time

 PID Control

 Multi Speed

 Analog Input

 Digital Input

 Output Relay

 Communication

 Fault History



Local Mode žĿĭƭư Keypad łȸ ƖłƑĭưƮĽĳưƮ
MENU

   ƅ

   Ƹ

LOCAL MODE

Frequency = 30 Hz

RUN

Motor Running

ƶ Frequency Up

Ƹ Frequency Down

STOP

Remote Mode
PLC

      RUN Command

           ƅ

           Ƹ

      Digital Input

4- 20mA Speed Reference

           ƅ

           Ƹ

          VFD

           ƅ

        3- Phase Motor



Industrial VFD HMI Ĺſĭư ƖĽƑĩưĺľưľƐņĭưȱƒȻĭưƖŇƑ Features

ÅAuto Tuning 

ÅMotor Identification 

ÅPID Controller 
ÅFault History (ƖĽƑĩưįƬȻƮ Fault łŽƑƮ) 

ÅEvent Log 

ÅReal-time Trend 

ÅEnergy Consumption (kWh) 

ÅPassword Protection 

ÅCopy/Clone Parameters 

ÅModbus / PROFIBUS / PROFINET / Ethernet Status











Overall Control Wiring Diagram
                 ƆƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƇ

                 ƅ      24VDC Power Supply   ƅ

                 ƈƄƄƄƄƄƄƄƄƄƄƌƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƉ

                            ƅ

                     +24V   ƅ

                            ƅ

                    ƆƄƄƄƄƄƄƄƸƄƄƄƄƄƄƄƄƇ

                    ƅ Pressure Sensor ƅ

                    ƅ 0~10 bar       ƅ

                    ƅ 4~20mA Output  ƅ

                    ƈƄƄƄƄƄƄƄƌƄƄƄƄƄƄƄƄƉ

                            ƅ

                     AI+    ƅ 4~20mA

                            ƅ

                   

ƆƄƄƄƄƄƄƸƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƇ

                     ƅ            VFD Drive               

ƅ

                     ƅ                                   

ƅ

                     ƅ AI 1 (+)  ƹƄƄƄƄƄƄ Pressure 

Signal  ƅ

                     ƅ ACM ( - ) ƹƄƄƄƄƄƄ Sensor Common     

ƅ

                     ƅ                                   

ƅ

                     ƅ Internal PID Controller           

ƅ

                     ƅ                                   

ƅ

                     ƅ Frequency Command                 

ƅ

                     ƅ                                   

ƅ

                     ƅ U      V      W                   

ƅ

                     

ƈƄƄƄƄƄƄƌƄƄƄƄƄƄƌƄƄƄƄƄƄƌƄƄƄƄƄƄƄƄƄƄƄƄƄƄƉ

                            ƅ      ƅ      ƅ

                            ƅ      ƅ      ƅ

                      3- Phase Output

                            ƅ

                     ƆƄƄƄƄƄƄƸƄƄƄƄƄƄƄƄƇ

                     ƅ AC Motor      ƅ

                     ƅ Pump / Fan    ƅ

                     ƈƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƉ



MOSFET ȱȸĭƭưIGBT ĩſƑžĪƑƮĪŽĩư



ƆĪŽĩư MOSFET IGBT

Control Voltage Voltage

Switching Speed ƆŅſĽưžłĽư ƖȱȸƮ

Frequency žłĭƭư ƆŅŃưƆŅĹư

Voltage Rating Low-Medium Medium-High

Current Rating Medium ƆŅſĽưžłĭƭư

Efficiency Low Voltage ĹſĭưƖĩƑĭưƮHigh Power ĹſĭưƖĩƑĭưƮ

MOSFET ȱȸĭƭưIGBT ĩſƑžĪƑƮĪŽĩư



IGBT ǈ Ɔļƒĩ ƆƑƮŇƑĪŽĩưłŽƑƮ
ÅGate Current ƆŅſĽưĽĳưƮǯľƓƮ Drive ŅȻľưńŅſŃưŇĳưǄ 
ÅVoltage žłĭƭư (600 V, 1200 V, 1700 V, 3300 V ȱȸĭƭư Ɔĺĩư) łŽƑƮĩƒȻ ĩƒȻĭưĹſŃưȱƒȻĭưŇĳưǄ 
ÅCurrent žłĭƭư (ńƑīĸĽưƮłȸ ƖĺƑĭưīĸĽưƮ Ampere) ĩƒȻ ĪƬȱƒȻĭưŇĳưǄ 
ÅSwitching Speed žłĽưǯľƓƮ PWM ĺȻĹưŅȻľưńĽư ŇĭƭưƖĹƑưŇĳưǄ 
ÅHeat Sink ȱȸĭƭư Cooling System žĿĭƭư Power ƆžłĭƭưłƑƮįƬȻƮ ƆŇƬȻƮžľȽȱƒȻĭưŇĳưǄ 
IGBT Ňĳư VFD łŽƑƮĹſĭư PWM Switching ĩƒȻŅȻľưƖįƑĭưƖľƮŇĳƭư Ɔļƒĩ Power 

Semiconductor žĿĮưǯľƓƮǃ Gate Driver Circuit łȸ ĺȻĹưƖľƮƖŇƑ PWM Signal ƆĹƒȻĭưƮ 

ƆŅſĽưžłĽưƖŇƑ On/Off Switching žľȽŅȻľưĩƑ DC Bus Voltage ĩƒȻ 3-Phase Variable 

Voltage ȱȸĭƭư Variable Frequency AC ƆžĿĮư ƖžľƑĭưƮŅƗƖľƮľƐŇĳư



Basic IGBT Switching Circuit
          +VDC ( 300~800V)

               ƅ

               ƅ

             Load

               ƅ

               ƅ

          Collector (C)

               ƅ

           ƆƄƄƄƄƄƄƄƇ

Gate Driver ƅ IGBT  ƅ

+15V PWM ƄƄƋ   G   ƅ

           ƅ       ƅ

           ƈƄƄƄƄƄƄƄƉ

               ƅ

          Emitter (E)

               ƅ

              GND

ƆŅȻľưŅȻľưľƬȻ

ÅGate = +15V Ÿ IGBT ON 

ÅGate = 0V Ÿ IGBT OFF 
ÅCollector łȸ Emitter ŇƒȻƭ Current ĮƓƮįĭưƮŇĳưǄ



Gate Driver Circuit
Microcontroller / DSP

        ƅ

      PWM Signal

        ƅ

   Gate Driver IC

        ƅ

     Gate Resistor

        ƅ

       Gate (G)

        ƅ

      ƆƄƄƄƄƄƄƇ

      ƅ IGBT ƅ

      ƈƄƄƄƄƄƄƉ

        ƅ

     Emitter

Gate Driver ǈ ƆŅȻľư
ÅPWM Signal ĩƒȻ ƆƑƮžł˿ĭƭưƖľƮŇĳưǄ 

ÅIsolation (Optocoupler / Isolated Driver) 
ƖľƮŇĳưǄ 
ÅShort Circuit Protection ľƐņĭưŇĳưǄ 
ÅMiller Effect ĩƒȻ ĺƒĽưƮĪŽȽľưŇĳưǄ



Upper IGBT (Q1) Lower IGBT (Q2) Output

ON OFF +DC

OFF ON -DC

Half -Bridge IGBT Circuit
             +DC Bus

                ƅ

           Q1 IGBT

                ƅ

                ƊƄƄƄƄƄ 

Motor Output

                ƅ

           Q2 IGBT

                ƅ

             DC Bus -
Switching Sequence
Q1 ȱȸĭƭư Q2 ĩƒȻ ĹĮưĪŽƒĽưĹĳưƮ ON łŅȻľưńľƐǄ 
ĺƒȻŇƒȻƭžĿĮưľƐĩ Shoot-through žĿĮưǯľƓƮ IGBT 

ľŽĩưĮƓƮȱƒȻĭưƖŇƑƖǫĩƑĭƭư Dead Time ĺĳƭưƖľƮńŇĳưǄ



Three-Phase Inverter Circuit (VFD)
             +DC Bus

                ƅ

       ƆƄƄƄƄƌƄƄƄƄƌƄƄƄƄƇ

       ƅ    ƅ    ƅ

      Q1   Q3   Q5

       ƅ    ƅ    ƅ

       U    V    W

       ƅ    ƅ    ƅ

      Motor ( 3 Phase)

       ƅ    ƅ    ƅ

      Q2   Q4   Q6

       ƅ    ƅ    ƅ

       ƈƄƄƄƄƍƄƄƄƄƍƄƄƄƄƉ

                ƅ

             DC Bus ï

Ɖ  Circuit Ňĳư VFD łŽƑƮĹſĭư ƆŇƬȻƮžľȽƖŇƑ Six-

Switch Inverter žĿĮưǯľƓƮǃ IGBT Ǘ ŅƬȻƮĩƒȻ PWM žĿĭƭư 
ƆĮȴŅƒȻĩư ON/OFF žľȽŅȻľưĩƑ U, V, W Phase 

łŽƑƮĩƒȻ ĺȻĹưƖľƮŇĳưǄ



MOSFET and SiC MOSFET

(Metal-Oxide-Semiconductor Field-Effect Transistor)



MOSFET ȱȸĭƭưIGBT (Insulated Gate Bipolar Transistor) ĹƒȻƭŇĳưInverter Technology ǈ ƆļƒĩPower 

Switching Device łŽƑƮžĿĮưǯľƓƮDC Power ĩƒȻAC Power ƆžĿĮưƖžľƑĭưƮŅƗńƑĹſĭưƆŇƬȻƮžľȽǫĩŇĳưǄŇƒȻƭƖŇƑư
ƆŅȻľưŅȻľưľƬȻȱȸĭƭưƆŇƬȻƮžľȽŇĳƭưƖĽńƑłŽƑƮĹſĭưĩſƑžĪƑƮĪŽĩưłŽƑƮȷȸƒŇĳưǄ



MOSFET Gate Control ǈ ƆŅȻľưŅȻľưľƬȻłȸƑð

1.Gate Voltage łȷȸƒŅɀĭư Ÿ Channel łȷȸƒ Ÿ MOSFET OFFǄ 
2.Gate Voltage ŇĹưłȸĹưĹĽưĿƒȻƮ (Threshold Voltage) ĺĩưƖĩŽƑưŅɀĭư Ÿ Electric Field 

žĿĮưƖľɄ Ÿ Channel ĿſƗ̸ĮĳưƮ Ÿ MOSFET ONǄ 

3.Gate Voltage ľƒȻžłĭƭưƖŅ Ÿ Channel Resistance (RDS(on)) ľƒȻĽĳưƮƖŅ Ÿ Current 

ľƒȻĮƓƮȱƒȻĭưƖŅǄ 
4.Gate Voltage ĿŃưȷȸƑƮŅƒȻĩưŇĳưȱȸĭƭư Ÿ Channel ƖľŽƑĩư Ÿ Current ńľưŇſƑƮŇĳưǄ 

Ɖ  Gate Voltage žĿĭƭư Current ĩƒȻ ĺƒĽưƮĪŽȽľưȱƒȻĭưŇĳƭư ĽĳưƮľĳƑƖǫĩƑĭƭư MOSFET łŽƑƮĩƒȻ 

SMPS, DC-DC Converter, Solar Inverter, EV Traction Inverter ȱȸĭƭư Industrial VFD 

łŽƑƮĹſĭư ƆŅſĽưĩŽŃưžľĽƭưĮſƑ ƆŇƬȻƮžľȽǫĩŇĳưǄ





¶ SiC MOSFET âÎþ ÞõØǳõÅÔþ Inverter Technology ē åÊÈûþĀÝÈûþÊúóü Power 

Semiconductor ÝÿðüÕöÝĂ ÔÉþÅóĀÚÉþǤÙòü 

¶ EV Traction Inverter  

¶ Solar Inverter  

¶ Industrial VFD  

¶ High-Efficiency UPS  

¶ Fast DC Charger  

¶ Premium Inverter Air Conditioner  

¶ ÝÿðüÔāÈþ åàÿÈþåĀÝØþ åâúóüĀÙǱÝǮ ÔñóüàðõØâÎþď 

¶ SiC MOSFET ē å×ñÄ åðüâðÅÿÄþÝĂð "Voltage ĀÝÈûþ + Current ĀÝÈûþ + Frequency ĀÝÈûþ + 

Heat ØÎþü + Efficiency åĀÝÈûþÊúóü" ĀÚÉþǤÙòü åØʚÆÔþ Power Electronics õàðÄē 

åõßüǥÄòüÊúóü Technology ÝÿðüÕöÝĂ ÔÉþÅóãó âÔþÝĂÔþǍñóÈþÙïâÎþď 

 



Vector Control (Field Oriented Control ïFOC) 



Vector Control (FOC) įƒȻĹƑ AC Motor ĺƗĩ Current ĩƒȻ Flux 

Component (Id) ȱȸĭƭư Torque Component (Iq) ƆžĿĮư ĪſƗĺȻĹưǯľƓƮ 

DC Motor ŅƒȻ ŇƓƮžĪƑƮĺƒĽưƮĪŽȽľưȱƒȻĭưƖƆƑĭư žľȽŅȻľưĺƑƮĹƗƭ Ɔįĭƭưžłĭƭư 
Inverter Control Technology žĿĮưľƐĹŃưǄ

ŃƖĽƭƖĪĹư

ÅInverter Air Conditioner 

ÅPMSM Compressor 

ÅElevator Gearless Motor 

ÅEV Traction Motor 

ÅServo Motor 

ÅCNC Machine 

ÅIndustrial High Performance VFD 
ƆƑƮŅƬȻƮĽƓƮľƐƮłȸƑ Vector Control (FOC) ĩƒȻ ƆŇƬȻƮžľȽƖĽǫĩľƐŇĳưǄ


