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State of Magnetic Models in Pspice



How accurate 
do you want your 
simulations to be?



Agenda

 Magnetic Materials

 Magnetic Modeling in Pspice

 Examples of Temperature Simulations in Pspice

 Examples of Frequency Simulations in Pspice



Magnetic Materials
 Can store magnetic energy from external applied magnetic 

fields.

 Amount stored is determined from size and material used.

 Behavior is described by the BH curve.



BH Curves
 Every magnetic core material have a distinct BH 

curve behavior that has 4 key aspects:
 Initial Permeability (aka relative permeability)
 Maximum Magnetic Flux Saturation
 Magnetic Flux Remanence 
 Coercivity



Modeling BH Curves

 Techniques to model BH curves:
 Jiles-Atherton – Most commonly used for soft 

ferrites.

 Preisach – Generalized model for all types of 
hysteresis.

 Hodgdon – Newer technique not implemented 
in software.

 Chan et al – Simple model to include BH curve 
key points.



 High permeability and saturation

 Two types:
 Hard Ferrites
 Soft Ferrites

 Coercive Force – Amount of energy required to demagnetize

 Common applications using this material:
 Inductors
 Transformers
 Ferrite Beads

Ferromagnetic Material



Magnetic Modeling in Pspice

 Uses Jiles-Atherton equations

 Linear Magnetics
 Low excitations on core
 Gapped core applications

 Nonlinear Magnetics 
 Permeability changes with excitation
 Exhibits saturation and hysteretic effects

 Magnetic equations do not include changes to 
temperature or frequency.



BH Curve Temperature Effects

 Temperature effects of magnetic core:
 Relative permeability
Maximum saturation decreasing

B vs H Curve (Ferroxcube Catalog)

Permeability vs Temperature (Ferroxcube Catalog)



Pspice Circuit to Observe BH Curve

Jiles Atherton Parameters:

Area – Magnetic Cross-section (cm^2)

Path – Magnetic Path Length (cm)

Gap – Core Air Gap (cm)

Physical Core Parameters:

A – Thermal Energy Parameter (A/m)

C – Domain Flexing Parameter

K – Domain Anisotropy Parameter (A/m)

Ms – Magnetization Saturation (A/m)



Pspice Results

 Green – 27C Simulation
 Black – 100C Simulation

 No change to saturation
 No change to permeability



Idealized Pulsed Circuit



Pspice Temperature Simulations

Primary Voltage

Secondary Voltage

 Green – 27C Temp Simulation
 Red – 100C Temp Simulation

 There is no difference seen at
the secondary voltage.



Tuned Temperature Model



Expected Temperature Results

Primary Voltage

Secondary Voltage

 Green – 27C Temp Simulation
 Red – 100C Temp Simulation

 Secondary voltage droops on
second pulse that indicates
saturation.



BH Curve Frequency Effects

 Frequency effects of magnetic core:
 Relative permeability 
 Coercivity increasing
 Slight decrease in max saturation.

(Du & Robertson Paul, 2014) (Tacetti, McCrady, & Rose, 2017)



Pspice Circuit to Observe BH Curve



Pspice Results

 Green – 10kHz Simulation
 Black – 100kHz Simulation

 No change to saturation
 No change to coercivity
 No change to permeability



Idealized Pulsed Circuit; Rep Rate



Pulsed Circuit Results

BEGINNING PULSES ENDING PULSES

Primary Voltage

Secondary Voltage

Primary Voltage

Secondary Voltage



B Field Comparison

 Green – Nominal Coercivity
 Red – Increased Coercivity

 Time to steady-state point is proportional to
coercivity.



Magnetic Model Shortcomings Summary

 Temperature Content:
 Max saturation does not change
 Relative Permeability does not change

 Frequency Content:
 Coercivity does not change
 Max Saturation does not change
 Relative permeability does not change

 Tuned models are required for frequency and temperature simulations.



Questions?
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Abstract

 PSpice modeling has developed into an essential tool for the design of
electronics. Pspice has various tools to modeling passive elements,
semiconductors, and magnetic materials. The models accurately represent how
the devices behave and can be used to assist in optimizing designs before
anything is built. Results that include temperature effects and having devices
react accordingly to frequency changes are critical. There has been extensive
research for these effects for passive elements and semi-conductors models.
This presentation will focus on the fidelity of magnetic models in Pspice.



Magnetic Materials

 Materials that exhibit a polarization from an applied external 
magnetic field are categorized as magnetic material.

 Magnetic materials are crystalline lattice structured where 
adjacent atoms can work together and create magnetic 
domains which allow the material to store magnetic energy.

 The size and different materials can contribute to the amount 
of energy it can store.

 Magnetic materials are often related to BH curve to describe 
its behavior as you apply the external magnetic field.



Ferromagnetic Material

 Most used magnetic material due to high permeabilities and 
saturation values.

 Two categories are hard and soft ferrites. The difference of coercive 
force required to demagnetized can be seen by their BH curves.
 Hard ferrites require more energy to demagnetize the material.
 Soft ferrites require less energy to demagnetize the material.

 Common applications using this material:
 Inductors
 Transformers
 Ferrite Beads





Magnetic Materials
 Diamagnetic – Permeability is slightly higher 

than unity and opposes applied field.
 Paramagnetic – Permeability is slightly 

higher than unity and follows the field.
 Antiferromagnetic – Permeability is slightly 

higher than unity but when the applied field 
is removed, there is no remanence.

 Ferromagnetic – Very large permeabilities 
with nonlinear behavior including saturation 
and hysteresis.

 Ferrimagnetic – Similar material to 
ferromagnetic but saturation is lower and 
permeabilities are more linear.

Power Electronics – Chapter 32



Inductors
 Inductors can be made by winding a single coil around a magnetic core. 

Inductance values will change depending on different features:
 Frequency
 Temperature
 Current through the coil
 Length and size of the core
 Turns of the coil

 Inductors can also be made without a magnetic core to avoid saturation 
effects. The inductance will be relatively low and will be determined by the 
size and length of the coil.

 If the inductor has a magnetic core, the BH curve can vary due to certain 
parameters changing and affecting the performance:
 Frequency
 Temperature
 Current through the coil



Transformers

 Transformers are two inductors that are wound together on 
the same magnetic core to magnetically couple while 
electrically isolating the circuit.

 Different types of transformers can be modeled:
 Flyback Transformer
 Push-Pull Transformer
 Pulse Transformer
 Saturable Pulse Transformer

 Variations of inductance of primary and secondary coils are 
like inductors.

 Variations in the BH curve follow what is found in inductors.



What is PSPICE?

 The main advantage of using Pspice is cost saved from being able to test designs 
on the computer and not in the lab. The speed of circuit simulations helps for 
rapid testing. Being able to modify devices allows for versatile testing with 
various types of semiconductors and different kinds of magnetic material.

Pspice is a very popular and widely used software to 
simulate circuit designs to check performance criteria 
and design requirements.

This is very common software used during the design 
stage to tune the circuit with various circuit layouts, 
passive elements, and circuit devices.



Magnetic Modeling in Pspice

 Pspice has fundamentally 2 types of magnetic modeling, linear and nonlinear 
magnetics.

 Linear magnetics is a basic type of modeling is used when the circuit is designed to 
drive inductors and transformers at very low currents.

 For nonlinear magnetics, Pspice utilizes 2 different sets of equations to model the 
BH curve behavior:
 A model adapted from Spice Plus.
 Magnetic equations studied by Jiles and Atherton.



State of Pspice Magnetics

 Pspice can be used to model magnetic applications such as inductors and transformers. Although only for 
nominal temperature and tuned for specific frequencies.

 It has been discovered that changes in frequency and temperature do not affect the BH curve that is like what 
is found in measured data or literature.

 Temperature effects can be from environment that the device is operating or from surrounding devices 
emitting heat. The expected effects on the BH curve can be seen as:
 Initial permeability changing over temperature.
 Maximum saturation decreasing as temperature increases.

 Frequency effects are mostly seen for driving different pulse rise times and pulse drive frequencies for power 
transformers and inductors. The effects on the BH curve can be seen as:
 Initial permeability changing over frequency.
 Coercivity of magnetic material increasing as frequency increases.



Expected B-Field Response
Y-axis is currently in gauss. To get tesla,
divide by 10000.

Green – 27C Temp Simulation

Red – 100C Temp Simulation

At hot temperature, the magnetic flux is
lower and there are flat portions that
indicate to saturation.



Measured Data



Comparison Summary

 The main effect of temperature that is observed is that the max saturation of 
the material decreases as the temperature increases.

 It was observed that at a lower saturation, the secondary voltage collapses 
sooner. The major effect can be seen in the second pulse.

 These results may not be critical if the circuits can allow for large tolerances 
but will have to take care of sensitivities.



Nonlinear Magnetic Parameters Comparison

SPICE PLUS PARAMETERS

 OD – Outer Diameter (cm)
 ID – Inner Diameter (cm)
 Area – Cross-sectional Area (cm^2)
 Gap – Core Air Gap (cm)
 BR – Residual Flux Density (Gauss)
 BM – Saturated Flux Density (Gauss)
 HC – Coercive Magnetic Force 

(Oersted)

JILES ATHERTON PARAMETERS

 Area – Magnetic Cross-section (cm^2)
 Path – Magnetic Path Length (cm)
 Gap – Core Air Gap (cm)
 A – Thermal Energy Parameter (A/m)
 C – Domain Flexing Parameter
 K – Domain Anisotropy Parameter 

(A/m)
 Ms – Magnetization Saturation (A/m)



Magnetic Modeling in Pspice Pt. 1

 Inductors and transformers become a hot topic in Pspice due to unfamiliarity 
of magnetic modeling equations.

 The magnetic modeling equations define the susceptibility of the material 
and how it changes as the excitation increases in intensity.

 The behavior of the susceptibility relates to how its permeability can change 
in the equation B=µ*H. This can also be visualized in the BH curve.



Pspice Circuit to Observe Inductance – Backup slide
Looking at inductances that are
similar to hand calculations must
use the initial permeability.

Initial permeability is valid at low
excitations, hence the 1Meg
resistor to limit the current.



Initial Permeability – Backup slide
Pspice Simulation done at 3
different frequencies:
◦ Green – 10kHz
◦ Red – 100kHz
◦ Blue – 1MHz

There is no change to initial
permeability due to frequency
changes.



Inductance Measurement Over Frequency – Backup slide
Pspice AC analysis of inductance of inductor
over frequency. Inductance does not change
over frequency.
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