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Introduction

• One of the most important type of power semiconductor device.

• Compared to transistors, thyristors have lower on-state conduction 
losses and higher power handling capability.

• However, they have worse switching performances than transistors.

• Have the highest power handling capability.

• It has a rating of 1200V / 1500A with switching frequencies ranging 
from 0.1kHz to 20kHz.



Background On Thyristors

• They name Thyristor comes from two similar device names 
‘Thyratron’ and ‘Transistor’

• Thyristors are useful due to their ability to handle large current in 
power applications and fast switching

• The most common thyristor is the SCR which stands for “Silicon 
Controlled Rectifier”



Ultra-High Power Thyristor
• Quantitatively understand the upper bound these devices can achieve

http://www.datasheetarchive.com/dl/Datasheet-020/DSA00357098.pdf



Main types of thyristors

• SCR (Silicon Controlled rectifier)

• TRIAC 

• GTO (Gate Turn Off)

• IGTO (Integrated Gate Turn Off)

• MCT (MOS-controlled Rectifier)

TRIAC

MCT



Equivalent circuits 

http://www.allaboutcircuits.com/vol_3/chpt_7/6.html



How the SCR operates

• Three modes of 
operation:

• Reverse Blocking mode 

• Forward Blocking 
mode

• Forward Active 
conducting mode

http://upload.wikimedia.org/wikipedia/commons/thumb/f/f1/Thy

ristor_I-V_diagram.svg/1280px-Thyristor_I-V_diagram.svg.png



Effects of Increasing Gate Current



How the TRIAC Operates

• Modes of operation:

• Forward conducting 
mode

• Reverse conducting 
mode

• Forward Blocking mode

• Reverse Blocking mode 

http://www.onsemi.com/pub_link/Collateral/HBD855-D.PDF



Some Important Parameters

• di/dt dv/dt – Critical Rise of On-State Current/voltage

• Maximum rise of current/voltage that the device can handle

• Things to consider: High frequencies and large amounts of current/voltage

• Igm Vgm – Forward Peak Gate Current/Voltage

• Largest amount of current/voltage that can be applied to gate while in 
conduction mode

• IH – Holding Current

• Minimum current flow (from anode to cathode) to keep device on

• IL – Latching Current

• Current flow applied to anode in order to turn the device on



More parameters…

• tgt – Gate Turn-On Time

• Time it takes for a gate pulse to send the SCR into conducting mode

• tq – Turn-Off Time

• Time it takes for SCR to start blocking current after external voltage has 
switched to negative cycle 

• VDRM Ileakage – Peak Repetitive Off-State Voltage / Forward current

• Maximum repetitive voltage/current applied to Anode that won’t breakdown 
the SCR or damage it

• VRRM IRRM – Peak Repetitive Off-State Voltage / Reverse Current

• Maximum repetitive voltage/current applied to Cathode that won’t 
breakdown the SCR or damage it



Even More Parameters

• IGT VGT – Gate Trigger Current/Voltage

• Minimum value of current/voltage that will trigger the device from off to on

• Important for considering false triggering

• I2t – Circuit Fusing Consideration

• Max non-repetitive over-current capability without damage (typically rated 
for 60Hz)

• Tj – Junction Temperature

• Temperature range which this device may operate without damage under 
load conditions



http://forum.allaboutcircuits.com/attachments/scr-voltage-current-characteristics-jpg.69922/



Characteristics of the SCR N- Regions

• SCR’s have a high resistive N-base region which forms a 
junction J2 as shown

• This region is typically doped with Phosphorus atoms where 
ND has a range of values from 1013 to 1014 cm-3

• This region’s thickness generally ranges from 1um to 100um 
depending on the voltage ratings

• Thicker N-base region increases forward conducting 
voltage drop

• The Cathode region is only 2um-5 um thick and has ND

range of 1016 to 1018 cm-3



Characteristics of the SCR P-Regions

• High voltage SCRs are generally made by diffusing Al or Ga 
making it a P-region

• Typical NA  values range from 1015 to 1017 cm-3

• These P-regions are generally on the order of 10-50 um 
thick



Comparing Doping Concentrations

• Highest Doping Concentration:

• Cathode region or n+

• Next Highest level of Concentration:

• Anode and Gate or p

• Lowest Doping level:

• Mid N-Base region or n-

• However, note that this is the thickest

http://www.radio-electronics.com/info/data/semicond/thyristor/structure-fabrication.php



Typical Materials Used In SCR

• Si - Silicon

• SiC – Silicon Carbide

• GaN – Gallium Nitride

• C – Carbon

• P – Phosphorus 

• Al – Aluminum

• Au – Gold

• Pl - Platinum

• Used to create charge carrier 

recombination sites 

• This slows the switching time but 

decreases forward conducting voltage 

drop



Trade-Offs In Design

• Forward Blocking Voltage vs. Switching time

• Forward Blocking Voltage vs. Forward Voltage Drop during 
Conduction Mode



Application Area

• Mainly used where high currents and voltages are involved, and are often used to
control alternating currents, where the change of polarity of the current causes
the device to switch off automatically; referred to as Zero Cross operation.

• Thyristors can be used as the control elements for phase angle triggered 
controllers, also known as phase fired controllers.



Applications of Thyristors

• Rectifiers

• Phase Fired Controllers

• Light Dimmers

• Motor Drive Speed Controllers

• Strobe Lights 

http://www.renesas.eu/products/discrete/thyristor_triac/index.jsp



Phase Control
• In power supplies application, thyristor can be used as a sort of "circuit breaker" or

"crowbar" to prevent a failure in the power supply from damaging downstream
components, by shorting the power supply output to ground.

Load voltage regulated by thyristor phase control.
Red trace: load voltage
Blue trace: trigger signal.

https://www.sunpower-uk.com/glossary/crowbar-protection/

This circuit uses an 8V supply and has its overvoltage protection set at 9.1V; this can be adjusted by changing to the zener diode with 

the preferred voltage. At 9.1V, the zener diode ZD1 starts to conduct and causes a trigger signal to switch on the thyristor Q1.

The fuse F1 blows up once the current exceeds its rated 250mA. Capacitor C2 is used to take care of the small voltage spikes, noise and 

other harmless fluctuations which may erroneously trigger the circuit.













































Positive half cycle of the input supply:
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The same voltage waveforms and dc-value formula stands 

for the case of half controlled (semiconverter) 3-phase 

half wave rectifier, regardless load nature (R or RL).


