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THE PERFECT SWITCH

Every engineer dreams of a perfect switch; one that has 
zero loss characteristics during off- and on-states, and an 
instantaneous switch between the states. Achieving the 
lowest possible switching losses during transition between 
the two states relies on a number of key features:

 • Infinite breakdown voltage
 • Zero current through the switch, when the switch is off 
 • Zero voltage across the switch, when the switch is on
 • Zero turn-on and turn-off transition times between the 

states

In an ideal switch, since either the voltage or the current  
is always zero, the instantaneous dissipation produced  
by an instantaneous voltage and instantaneous current is 
always zero.
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In real life, however, this doesn’t exist. A practical switch can 
only approximate as an ideal switch on a first order basis. The 
non-ideal properties of practical switches cannot be ignored 
and must be evaluated for every design, as they will have 
parasitic elements that result in:

 • Finite breakdown voltage
 • Leakage current in the off-state
 • Non-zero voltage across the switch in the on-state
 • Non-zero turn-on and turn-off transition times

This shows that, since there will be some voltage present 
across the switch during the on-state, and the transition 
times will be non-zero, a dissipation occurs that must be 
managed.
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Let’s take a look at the various factors we need to consider 
for selecting devices.

In this example, we are designing an H-bridge to build an AC-
DC converter. The DC-bus voltage is 370V, the current of the 
transformer is about 3A, and the switch run with a frequency 
of 15 to 25kHz. For safety reasons, we have selected a 
component in the 650V class and a continuous drain current 
of at least 30A. We have no glue logic, and plan to select 
either an IGBT, SJ, SiC or GaN device.

A step-by-step approach to selection is recommended.

1 Check the Conditions
The first step in identifying the best device for your 
application is to check the conditions in which it will be 
operating.

1 a) 
 • Is the switching frequency below ~20kHz?
 • Is the power level above 3kW?
 • If a low-cost solution is important, does it provide this?
 • Is it supplied by a three-phase grid?

If the answer is ‘yes’ to any or all of the above, a silicon (Si) 
insulated-gate bipolar transistor (IGBT) is the preferred 
device. Example devices include: 
https://www.onsemi.com/products/discretes-drivers/igbts 
https://www.st.com/en/power-transistors/igbts.html 
https://www.rohm.com/products/igbt 
https://www.avnet.com/shop/emea/c/discretes/igbt/

1 b)
 • Is the switching frequency the range of 20 kHz to 100kHz?
 • Are there wide line and load conditions?
 •  Is high efficiency needed with moderate cost?
 • Is it supplied by a single-phase grid?

In this case, a Si Superjunction (SJ) MOSFET is the best 
option. Example devices include:
https://www.onsemi.com/products/discretes-drivers/
mosfets
https://www.st.com/content/st_com/en/products/power-
transistors/power-mosfets.html

https://www.rohm.com/products/mosfets/high-voltage
https://www.avnet.com/shop/emea/c/discretes/transistors/
mosfets/

1 c)
 • Is the switching frequency above 100kHz?
 • Are there wide line and load conditions?
 • Are the conditions high-power (up to several kWs), 

requiring high efficiency?
 • Is reverse power (bi-directional) flow required? 
 • Is it supplied by a three- phase grid?

If these conditions apply, then a silicon carbide (SiC) MOSFET 
is the device of choice. Examples include:
https://www.onsemi.com/products/wide-bandgap/silicon-
carbide-sic-mosfets
https://www.st.com/en/power-transistors/stpower-sic-
mosfets.html
https://www.rohm.com/products/sic-power-devices/sic-
mosfet
https://www.avnet.com/shop/emea/search/SiC

1 d)
 • Is the switching frequency above 100kHz in the MHz range?
 • Are there wide line and load conditions?
 • Are the load conditions medium power (up to several 

hundred Ws), and requiring the highest power density and 
efficiency?

 • Is it supplied by a single-phase grid?

These conditions mean that a gallium nitride (GaN) MOSFET is 
the preferred device. Example devices include:
https://www.st.com/content/st_com/en/products/power-
management/gate-drivers/high-voltage-half-bridge-gate-
drivers/mastergan1.html
https://www.onsemi.com/products/discretes-drivers/gate-
drivers/ncp51820
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2) Consider the Application
Next, it’s time to figure out what the application needs.  
How and where will the device be used? Consider these 
factors before making your selection:

2 a) 
 • Motor drives (>250W)?
 • UPS and welding H-bridge inverters?
 • High power PFCs (>3kW)?
 • High power solar/wind inverters (>5kW)?

If these are your criteria, a Si IGBT is the optimum device. 
Examples include:
https://www.onsemi.com/products/discretes-drivers/igbts
https://www.st.com/en/power-transistors/igbts.html
https://www.rohm.com/products/igbt
https://www.avnet.com/shop/emea/c/discretes/igbt/

2 b)
 • Motor drives (<250W)?
 • Universal input AC-DC flyback?
 • Forward converter power supplies?
 • Low- to mid-power power factor correction (PFC)  

and LLC?
 • DC-DC (75W to 3 kW)?
 • Solar micro-inverter?

If these are important in your application, a Si SJ MOSFET is 
your preferred device. Examples include:
https://www.onsemi.com/products/discretes-drivers/
mosfets
https://www.st.com/content/st_com/en/products/power-
transistors/power-mosfets.html
https://www.rohm.com/products/mosfets/high-voltage
https://www.avnet.com/shop/emea/c/discretes/transistors/
mosfets
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2c) 
 • High power PFCs (>3 kW)?
 • EV charger / OBC (AECQ needed)?
 • High power solar (>5kW)?
 • UPS?
 • Embedded PFC and DC-DC?

For applications with these requirements, a SiC MOSFET is 
your preferred device. Examples include:
https://www.onsemi.com/products/wide-bandgap/silicon-
carbide-sic-mosfets 
https://www.st.com/en/power-transistors/stpower-sic-
mosfets.html
https://www.rohm.com/products/sic-power-devices/sic-
mosfet 
https://www.avnet.com/shop/emea/search/SiC

2 d)
 • Single line grid powered (<=650VClass)?
 • Medium power range 75W to 750W?
 • Need for highest mobility?
 • Need to have the smallest dimensions?
 • Need to keep cool?

With these requirements, a GaN MOSFET will most suit your 
application. Examples include:
https://www.st.com/content/st_com/en/products/power-
management/gate-drivers/high-voltage-half-bridge-gate-
drivers/mastergan1.html
https://www.onsemi.com/products/discretes-drivers/gate-
drivers/ncp51820
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Simple Example of SiC in a 100W Auxiliary Power Supply

Mid Complex 10kW Sixpack PFC Converter for AC-DC application

Complex Bidirectional Active PFC Converter for AC/DC Application, Inverter or On-board Charger (OBC) 
with Power Back Function
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