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• Benefits

• Obstacles

• Concurrent Design more aware of the flow of 

energy during the conversion process

– Example of 100W Sync Buck

• What a Concurrent Design process might look 

like?

– Example of 600W LLC
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• We can arrive at a better product much quicker

• Better because

– Both the electric and magnetic Design Variables are 

simultaneously brought into play

– Both electrical and magnetic designs are evaluated based 

on impact on performance of the complete system

• a common yardstick to measure “goodness”

– Design process does not leave out important effects.

– Consequences of design choices are visible ~ immediately
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• Overcome challenges introduced when we separate 

Electrical Design from Magnetic Design 

– we must simplify the design problem 

• to facilitate the information handoff between

– two engineers who don’t understand what the other 

is up against.

• We are then vulnerable to leaving serious money on the 

table, when it comes to design optimization.
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• We can arrive at a better product much quicker

• Quicker because

– Simulation offers a path to significantly speed up the 

evaluation of design tradeoffs

• Focused design tools can facilitate and promote 

concurrent design 

– Visualize Magnetic circuit in the context of evaluating the 

overall System performance

– Both Magnetic Designer and Electrical Designer can see 

the impact of design choices on both circuits

• By using a common yardstick to measure “goodness” 

of the complete System design
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• Concurrent design is a better way to negotiate 

the electric and magnetic circuit tradeoffs

• As in any negotiation, we can almost always get 

a better result if both sides are trying to solve the 

same problem

– This requires both parties to have some real insight 

into the challenges facing the other party.

• Concurrent design is far preferable to an adversarial 

negotiating process
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• Magnetic circuits as a field of study are out of 

favor in many universities

• Power magnetic devices: 

– Are stubbornly nonlinear

– If you don’t know them, it is hard to love them

• Objective confusion

• Our industry has a complex
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• Meryl Streep
– Used to think that “Life is like college.”

– But found out that “Life is actually much more like High School.”

• In the hardware business,

– End System designers and some Silicon designers 

are the “cool kids”

– Power supply engineers are not  

• Get over it



Simulation Software for Power Electronics
Component Design • Circuit Design • System Design

• We all lose when we try to make power electronics what 

we wish high school had been for us

• We hurt ourselves and our profession when we perpetuate 

this caste system of

• Silicon → power supply → magnetics

• We just need to stop

• The fact is we will never be one of the cool kids 

– actually good news

– Your 50th

• This makes it much harder to do concurrent design
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• There have always been Outliers who  

– Did not accept the “I’m better than you” division of 

labor & instead, 

– Embraced the concurrent design of the magnetic and 

electric circuits…   

– Consistently outperformed larger & better funded 

design groups
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• In the Beginning

– Genesis 1:3      

• Day One, Job One
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• We hurt ourselves and our industry when we fail 

to clearly distinguish between these two 

objectives

– Storing and processing information

– Storing and processing energy

• Leads to unnecessary confusion and division 

among us



Simulation Software for Power Electronics
Component Design • Circuit Design • System Design

• Moore’s Law is most often brought up to contrast 

– dramatic improvement in information density of 

silicon devices with

– the lack of comparable improvement in the           

energy-storage density of power magnetics
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• Moore’s Law

– Shrinking the volume required to store fixed amount of information

• Power Magnetics

– Reducing the volume required to store a fixed amount of energy

• Two fundamentally different objectives

• We do not need to apologize for not shrinking the volume 

required to store a fixed amount of energy by a factor of 

two every year
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• It’s not helpful

• Creates unnecessary division

• Makes Concurrent Design harder to achieve

• We just need to stop
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• What was true in The Beginning 

– Is still true today?

– Electric circuits and Magnetic circuits working 

together 

• is a good thing
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• Stop thinking of Inductors as L di/dt

• Better appreciate critical nature of the coupling 

between magnetic and electric circuits

• Embrace nonlinear nature of magnetic circuits

• Discover the advantage of designing these 

highly coupled circuits concurrently

• We would think a lot more about the flow of

energy and less about just volts and amps
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▪ 12V Input

▪ 1.0V Output @ 100A

▪ Step load 3mA → 100A

▪ Switching Freq. = 730 kHz

100 nH

L1

100 nH

L2

100 nH

L3

100 nH

L4
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100 nH

L1

100 nH

L2

100 nH

L3

100 nH

L4

▪ 4 x 100 nH inductors

▪ 44 x 47 μF output capacitors
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At Full Load each 

inductor stores & 

delivers to output 

31 μJ / cycle

x 4 = 125 μJ / cycle
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x 4 = 125 μJ

x 730 kHz

= 91.25 W 

Meanwhile
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When all the energy 

stored in the 

magnetic circuits 

suddenly cannot go 

to the output…

… the output caps 

must save the day.
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$0.07 

$0.016 

OUTPUT 
CAPACITORS

INDUCTORS

Material cost ($ / μ J)

For the same energy delivery capability, 

the magnetic devices deliver superior value
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$0.07 

$0.016 

OUTPUT 
CAPACITORS

INDUCTORS

Material cost ($ / μ J)

For the same energy delivery capability, 

the magnetic devices deliver superior value
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… special thanks to 

Jon Hancock

Used with permission of author
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Vin = 380 +/- 30 Vdc

Vout = 12 Vdc @ 50A

Efficiency > 97.5% @ 25A
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First Harmonic Approximation

SIMPLIS simulation results



Simulation Software for Power Electronics
Component Design • Circuit Design • System Design



Simulation Software for Power Electronics
Component Design • Circuit Design • System Design



Simulation Software for Power Electronics
Component Design • Circuit Design • System Design

1) Pick value of L

(& ESR?)
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1) Pick value of L

(& ESR?)

2) Pick Lmag , turns ratios (& Lleak?)
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Choose a 

core structure

Select a 

magnetic 

material
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An air gap in all 3 legs ?

Or only in center leg ?
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We generate a Piecewise Linear electrical model of the inductor

This simulation model is used to 

solve for the current and voltage

waveforms in the electrical circuit

We solve for the flux waveforms in the 

magnetic circuit and calculate losses 

in a post simulation step
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We generate a Reluctance model to

• Simulate the flux in each leg

• Better calculate core losses

• Account for imperfect 

coupling between windings
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Calculate all voltage, 

current and flux waveforms

:

Use these waveforms in a 

Post Simulation process 

to calculate 

• core losses, 

• winding losses 

• skin effect, and

• proximity effect 
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Note: Loss density of windings 

closest to the air gap is 

higher than for windings 

further away
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Both the Electric and Magnetic 

design variables are 

• Simultaneously in play, while 

• Focus is on overall power 

supply system performance
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Both Electric and Magnetic designs

• use common yardstick to 

measure “goodness”

o Overall system performance
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Design process does not leave 

out important effects.

Consequences of design choices 

are visible ~ immediately
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Simulation offers a path to significantly 

speed up design optimization & 

evaluation of tradeoffs
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Visualize Magnetic circuit in the context of 

evaluating the overall System performance

Both Magnetic and Electrical Designers 

can see the impact of design choices on 

both circuits
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Easy for Magnetics designers to show 

Electrical designers what they are up 

against
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This becomes a highly collaborative design 

environment – even though system trade-offs 

are complex
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Electrical designer is not required to become 

a subject matter expert in magnetics

As long as both engineers are reasonably 

competent in the other’s world, they can have 

a very high band-width collaboration

Provides a common language for optimizing 

the system performance
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Benefits of Concurrent Design 

of Electric and Magnetic Circuits 

in Power Electronics 

Thank you

SIMPLIS Technologies


