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A Novel Method to Predict the Real Operation of
Ferrite Inductors With Moderate Saturation in

Switching Power Supply Applications
Giulia Di Capua, Member, IEEE, and Nicola Femia, Senior Member, IEEE

Abstract—This paper presents a method to predict the real oper-
ation current wave-shape of Ferrite Core (FC) inductors in switch-
ing power supply applications involving a moderate inductor sat-
uration. The method is based on a behavioral analytical model of
inductance versus current saturation curve, obtained starting from
the data provided by inductors manufacturers. The algorithm de-
veloped to solve the nonlinear model of the inductor can be applied
to predict the range of the operating conditions involving a sustain-
able partial saturation for FC inductors, and the resulting method
is best suited for the selection of minimum size inductors for high-
power-density power supply design solutions.

Index Terms—Ferrite Cores, inductors, losses, saturation.

NOMENCLATURE

Vin , Vout Input voltage and output voltage.
vLr , iLr Inductor voltage and current in [0, DTs].
vLf , iLf Inductor voltage and current in [DTs, Ts ].
VF Diode voltage drop.
Rds MOSFET drain-to-source on resistance.
Iout Output current.
Lnom Nominal inductance value of the inductor.
L0 Inductance value for zero current.
Ldeepsat Inductance value in deep saturation.
Ac Magnetic core cross section area.
n Winding turns number.
lg , lc Air gap and magnetic path length.
μ0 , μr Air and relative permeability.
�g , �c Core and air gap reluctance.
ΔiLpp Inductor peak-to-peak current ripple.
IL,av Inductor average current.
iL0 , iLD , iLT s Inductor current in t = 0, t = DTs and t = Ts .
D Converter main switch duty cycle.
Ts Switching period.
fs Switching frequency.

I. INTRODUCTION

THE minimization of power inductors is one of the ma-
jor problems in high-power-density switch-mode power

supply (SMPS) design, especially using integrated inductors in
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SMPS system-on-chip (SoC) solutions [1]–[5]. Both in SoC and
in traditional discrete SMPS solutions, losses and consequent
temperature rise are the main intrinsic issues of power inductors
operation. In [6], it was shown that in a power transformer for
SMPS applications, the total losses are influenced by the form
factor of the magnetic core rather than just by the core volume.
The findings of [6] include the simpler case of a power induc-
tor. Therefore, the fundamental problem to solve is how to find
the most convenient magnetic component complying with the
functional operation of the converter (control, protections) and
providing the most appropriate tradeoff among losses, size, and
cost. This investigation has necessarily to account for inductor
saturation. Powdered iron cores (PICs) and Ferrite Cores (FCs)
are primarily used in power inductors applications, specifically
in SMPS inductors, chokes, transformers and filters [7]–[9]. For
SMPS designs using discrete parts, a large variety of FC and
PIC inductors are available from magnetic parts manufacturers,
with different core materials and sizes, inductance values, wind-
ings resistance, and temperature rise. FCs usually are the first
choice for high-efficiency designs, thanks to the resulting low
losses [10]–[12]. However, FC inductors suffer from a pretty
sharp inductance drop around a certain value of the current. For
this reason, FC inductors are typically chosen so that their oper-
ating current has a maximum peak value lower than the current
corresponding to the 30% of inductance drop with respect to the
inductance nominal value.

In recent years, inductor saturation has been the subject of
several scientific investigations [13]–[16]. Some authors have
experimentally verified that smaller volume inductors work-
ing in partial saturation could help in achieving more compact
SMPSs with an acceptable amount of power losses [15]. In view
of that, several manufacturers have started to provide more data
and more detailed inductance versus current curves for their
magnetic parts [17], [18]. However, both in the scientific liter-
ature and in the manufacturers’ application notes, no practical
hints are available on how to predict of the real magnitude of
the current ripple for FC inductors working in partial saturation
and how to efficiently analyze the sustainability of such operat-
ing conditions. Moreover, a lot of innovative research has been
produced on new possible technologies for the fabrication of
on-chip integrated inductor structures [1], [19], [20], but just
few literature references discuss the manner to deal with the
nonlinear behavior of the power inductors [21]–[23]. Some au-
thors have shown how to operate with voltage-controlled tech-
niques [24], [25], in order to practically realize magnetoelec-
tric inductors with variable inductance values, ideal for tun-
able inductor application. Other authors have discussed how to
use soft-saturation magnetic materials, so as to jointly provide
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Fig. 1. (a) Buck converter and (b) relevant inductor current waveforms: from
the top, voltage waveform, current waveform in weak saturation and in roll-off
operating condition.

significant size reduction and acceptable efficiency in the mag-
netic design [26]. Also, new digital control techniques and
enhanced intelligent control methods of the inductance value
of power inductors have been recently investigated [27]–[29].
However, no suggestions or methods are available on how to
quantify the benefit of a magnetic part working in a moderate
and controlled saturation.

This paper discusses a novel generalized method to analyze
the behavior of power inductors in SMPS applications. In partic-
ular, the proposed technique allows us to investigate power in-
ductor operation including possible operation in saturation, with
a reliable evaluation of the current ripple. Given the converter
topology and its relevant specifications, the proposed method
permits to compare different inductors and to select among them
the best solution in terms of volume versus losses tradeoff. In
Section II, the numerical technique for the reliable prediction
of windings current wave-shape in FC inductors is proposed. In
Section III, the temperature influence on FC inductors character-
istics is described. In Section IV, experimental verifications are
presented, showing an excellent agreement with the predictions
of the proposed model.

II. ANALYSIS OF FC INDUCTORS OPERATION

The analysis of FC inductors is herein referred to the buck
converter of Fig. 1 operating in continuous conduction mode
(CCM). Buck converter in CCM is of great interest for inductor
saturation, especially because it is often operated at very high
currents in point of load applications. Nevertheless, the pro-

TABLE I
MODULATION SCHEMES FOR COMPARISON

Fig. 2. Inductance versus current curve for an FC inductor.

posed concepts, models and methods can be extended to other
topologies and operating modes. The main quantities relevant
to inductor current analysis for a buck converter in CCM are
listed in Table I. Fig. 2 shows a typical inductance versus cur-
rent curve for an FC inductor. Fig. 2 also highlights the current
I∗L , such that L (I∗L ) = 0.5 (Lnom + Ldeepsat). For gapped core
inductors, the deep saturation inductance Ldeepsat is about from
10% to 20% of Lnom [17], [18]. Accordingly, three regions of
operation can be identified:

- the weak saturation region, wherein the inductance slightly
decreases respect to Lnom , until about 70% of Lnom ;

- the deep saturation region, wherein the inductance is much
lower than about 30% of Lnom and approaches Ldeepsat ;

- the roll-off region, wherein the inductance swings from
values close to Lnom to values close to Ldeepsat .

The buck converter achieves output voltage regulation thanks
to a controller, which adjusts the duty cycle until the dif-
ference of the output voltage respect to the desired nominal
value is nulled, or reduced below a certain acceptable accu-
racy. Whatever control technique is implemented, the controller
ensures the desired output voltage regulation in steady-state
operation at the instant load current. Then, the output, input
and inductor currents settle at their due average values. If the
inductor works in the weak saturation region, the inductance
is almost equal to Lnom and the peak-to-peak ripple current
ΔiLpp = IL,peak − IL,valley can be approximated by

ΔiLpp =
(Vin − Vout)Vout

fsLnomVin
. (1)

The magnitude of ΔiLpp affects size and losses of the inductor
and of other power components (e.g. MOSFETs and capacitors),
as well as peak current mode control operation (e.g. slope com-
pensation) and current limit setting and action. Equation (1) can
be reversed to determine the desired inductance Ldes , required to
achieve a certain maximum ripple current ΔiLppmax , given by

Ldes =
(Vin − Vout)Vout

fsVinΔiLpp max
. (2)

Equations (1) and (2) make the steady-state analysis and de-
sign easy and straightforward, and simplified formulas for wind-
ing and core loss calculation [30]–[32] can be adopted to verify
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the inductor compliance with converter specifications. In com-
mon design practice, inductors are chosen in such a way they
can work in the weak saturation region, even in worst-case op-
erations, and the typical adopted value of ΔiLppmax is about
40% of the dc average current IL,av [33], [34]. So, it seems
that working in weak saturation region makes the SMPS design
quite comfortable. However, some questions are legitimate.

1) Do we really need to keep inductors working in the weak
saturation region?

2) Which is the most appropriate position of the dc average
current IL,av of the inductor over the L versus I curve?

3) Which is the most appropriate value of DiLppmax?
The answer to question 1 is subordinated to the answers to

questions 2 and 3. Saturation is a progressive reduction of the
inductance versus the increase of the winding current. Depend-
ing on the type of magnetic core, the inductance roll-off can be
sharper or smoother. Strictly speaking, a unique value for satu-
ration current does not exist. Manufacturers provide the values
of currents determining 10%, 30%, or 50% inductance drops
with respect to its nominal value Lnom , or curves like the one
in Fig. 2. The depth of inductance drop is directly related to the
magnitude of the magnetic flux density B inside the core mate-
rial. In order to figure out the correlation between the magnetic
flux density and the main core characteristics, let us refer to the
simpler case of a gapped linear inductor (having fixed perme-
ability). For an inductor with gapped core, the inductance and
the resulting magnetic flux density are given by

L =
n2

�g + �c
=

n2

lg
μo Ac

+ lc
μc Ac

=
n2μoAc

lg + lc
μr

(3a)

B =
n iL

(�g + �c) Ac
= iL

√
μoL/

(
lg +

lc
μr

)
Ac (3b)

where lg >> lc/μr . For large air gaps, the permeance of other
field paths out of the air gap is not negligible. It results in
much larger values for L than predicted by (3a). In [8] and
[35], analytical approximations for fringing flux calculations
around the air gaps of inductor cores are proposed, and in [31]
a complete analysis on gapped inductor formulas can be found.

If we wish to operate with a given inductance L, from (3b),
the inductance drop at a given current iL can be reduced by
taking a core either with bigger cross section Ac , or with bigger
gap length lg , or both. In the first case, bigger cross section Ac

means that the core is bigger. Total core and winding losses may
as increase as decrease, because of the overall balance among
the decrease of magnetic flux density ac component, the increase
of the core volume, and the increase of the turns mean length.
In the second case, if the core is unchanged, the copper losses
necessarily increase, due to the higher number of turns required
to keep fixed the inductance value. From (3b), it also follows
that a lower inductance L might help in reducing the magnetic
flux density. However, lower inductance means bigger ripple
ΔiLpp and higher winding and core losses [7]. Therefore, there
is no guarantee that a bigger inductor with bigger inductance
ensures both lower saturation and lower losses than a smaller
inductor with smaller inductance. The best choice is to take an
inductor with the smallest possible core and inductance lead-

ing to acceptable losses and temperature conditions, including
possible operation in the roll-off region.

Whatever region the inductor is operating in, the key problem
is to determine the correct value of ΔiLpp , in order to achieve a
consequent reliable and joint prediction of losses and tempera-
ture rise. One possible way is given by using a circuit simulator
enabling the use of nonlinear inductor models. The main draw-
back of this approach is the need to run a circuit transient,
requiring a possible long time for reliable simulation setup and
execution. In this paper, a different approach is proposed for the
prediction of the ripple ΔiLpp .

A. Proposed Model

Dynamic inductance versus winding current (L versus I)
curves provided by different manufacturers can cover differ-
ent ranges of current. The L versus I curves of FC inductors can
be analytically described by means of an arctangent function,
defined as follows:

L [iL (t)] =

Ldeepsat +
Lnom − Ldeepsat

2

{
1 − 2

π
tan−1 {σ [iL (t) − I∗L ]}

}
(4)

where σ is a smoothness factor representing the rate of the
inductance roll-off for increasing current. Both σ and I∗L
are temperature-dependent parameters, as later discussed in
Section III. The values of Lnom and Ldeepsat are readable from
datasheets and/or from the inductances curves provided by man-
ufactures. The values of σ and I∗L are usually not directly avail-
able, but they can be obtained by applying (4) for two current
values iL (t) = Iα% and iL (t) = Iβ% , corresponding to the α%
drop and the β% drop of inductance with respect to the nominal
value Lnom , namely Lα% and Lβ% . Any couple of percent drops
between 10% and 90% can be adopted, if the inductances curves
are provided in the manufactures’ datasheets. According to (4),
given iL (t) = I30% and iL (t) = I70% , the values of σ and I∗L can
be calculated by

σ =
cot (π Γ30%) − cot (π Γ70%)

I30% − I70%
(5a)

I∗L =
I70% cot (π Γ30%) − I30% cot (π Γ70%)

cot (π Γ30%) − cot (π Γ70%)
(5b)

Γ30% =
L30% − Ldeepsat

Lnom − Ldeepsat
; Γ70% =

L70% − Ldeepsat

Lnom − Ldeepsat
(5c)

where L30% and L70% correspond to the 30% drop and the 70%
drop of the nominal inductance value Lnom , respectively. Ac-
cording to (4), Lnom represents the mathematical asymptote of
the function L(iL ) for iL →−∞. But Lnom cannot be measured
in practice. Based on the industry standards, the value used by
manufacturers for Lnom is the one closest to the inductance value
measurable at iL ∼= 0. The approximation L(iL = 0) ∼= Lnom
allows us to simplify the σ and I∗L parameters identification and
provides good results for practical purposes. Indeed, the error
on Lnom involved by such an approximation is lower than 10%,
which is within the uncertainty declared by manufacturer for
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Lnom (about 20–30%). From (4), we obtain

vL (t) = L (iL (t))
diL (t)

dt
= Ldeepsat

diL (t)
dt

+
Lnom − Ldeepsat

2

{
1− 2

π
tan−1 {σ [iL (t) − I∗L ]}

}
diL (t)

dt
. (6)

As the voltage vL is constant over the two CCM switching-
mode operation intervals [see Fig. 1(b)], it is∫ t2

t1

vL,x(t)dt = VL,x(t2 − t1) =
∫ t2

t1

L [iL (t)]
diL (t)

dt
dt

(7)
where x = r if t ∈ [0,DTs) and x = f if t ∈ [DTs,Ts). From
(7), it follows that

− VL,r · t +
L0 + Ldeepsat

2
[iL,r (t) − iL0 ] +

− L0 − Ldeepsat

π
[y(t) − y0 ] = 0 (8a)

for t1 = 0 and t2 = t[0,DTs) and

−VL,f · (t − DTs) +
L0 + Ldeepsat

2
[iL,f (t) − iLD ] +

− L0 − Ldeepsat

π
[y(t) − yD ] = 0 (8b)

for t1 = DTs and t2 = t[DTs, Ts), where L0 = L(iL0), y0 =
y(t = 0), yD = y(t = DTs), iL,r and iL,f are the rising and
falling inductor currents in [0, DTs ) and [DTs , Ts), respectively,
and the function y(t) is defined as follows:

y (t) =
∫

tan−1 {σ [iL (t) − I∗L ]} diL
dt

dt =

[iL (t) − I∗L ] tan−1 {σ [iL (t) − I∗L ]} −
log

{
1 + σ2 [

iL (t) − I∗L
]2

}
2σ

. (9)

Equations (8a) and (8b) are not enough to determine the
inductor current wave-shape. First, the inductor current in t = 0
and t = DTs are not known in advance: consequently, according
to (9), y0 and yD cannot be evaluated without iL0 and iLD .
But, also supposing to know the values of inductor current iL0
and iLD , (8a) and (8b) cannot be solved in analytical form to
determine the value of the inductor current iL,x(t) at any instant
t. For a given time interval [ta , tb ], each equation can be solved
only in numerical form: in particular, under the hypothesis that
iL (ta) is known, a root-finding algorithm can be adopted to
find the value of iL (tb). Let us now see how we can apply this
numerical model to the determination of the FC inductor current
wave-shape.

B. Proposed Algorithm

Fig. 3 shows the typical current wave-shape for a saturated
inductor into a switching converter in steady-state operation. A
good representation of the inductor current wave-shape within
[0, DTs ) and [DTs , Ts) time intervals can be achieved by five
samples, taken in the following instants:

- the starting instant ts ;
- the ending instant te ;
- the middle instant tm , given by the intersection of the

tangents in ts and te ;

Fig. 3. Typical saturated wave-shape for an FC inductor.

- the left middle instant tlm , given by the intersection of the
tangents in ts and tm ;

- the right middle instant trm , given by the intersection of
the tangents in tm and te .

Samples and corresponding time instants are shown for the
time interval [0, DTs ] in Fig. 3. The flow diagrams given in Fig. 4
summarize the entire procedure to calculate the five samples of
the inductor current over the switching period.

Let us refer to the time interval [0, DTs]. Thus, ts = 0 and
te = DTs . Let us suppose that the inductor current iL (ts) = iL0
is known. Given iL0 , the Newton–Raphson algorithm can be ap-
plied to (8a) to find the value iL (te) = iLD . The tangents to the
inductor current in ts and te intersect each other at the time
instant tm . Given iL0 , the Newton–Raphson algorithm can be
applied again to (8a) to find the value of iL (tm ). Then, the tan-
gents to the inductor current in ts and tm and in tm and te can
be determined. They intersect each other in correspondence of
the time instants tlm and trm , respectively. Finally, applying the
Newton–Raphson algorithm to (8a), iL (tlm ) and iL (trm ) can be
found. Thus, the five samples within [0, DTs ] are obtained. A
similar approach can be used to obtain the current samples and
the corresponding time instants ts , tlm , tm , trm , and te in the
interval [DTs, Ts ], applying the Newton–Raphson algorithm to
(8b). For each current sample, (4) provides the relevant induc-
tance. Evidently, all samples can be calculated starting from the
value of iL0 . Given the operating conditions (Vin , Vout , Iout , fs)
and the inductors parameters (Lnom , σ, I∗L ), the calculation of
iL0 and iLD , and the resulting current ripple, can be achieved
by means of the flow diagram shown in Fig. 5.

The algorithm of Fig. 5 starts from a guess value iL0,guess
for iL0 , obtained from the assumption that the inductor is in
weak saturation, and then, its current has an almost triangular
wave-shape. Accordingly, a possible guess value of the inductor
current ripple ΔiLpp,guess is given by (1), assuming Lnom =
L(IL,av).

The resulting iL0,guess value is given by

iL0,guess = IL,av − 1
2
ΔiLpp,guess . (10)

If the converter operates in steady state with output volt-
age regulation, then the inductor average current fulfills the
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Fig. 4. Algorithm for inductor current wave-shape reconstruction.

equation:

fs

∫ Ts

0
iL (t)dt = IL,av . (11)

Accordingly, using the current samples specified above, we
can impose that

fs

∫ Ts

0
iL (t)dt � 1

2
fs (Ψr + Ψf ) = ĨL,av (12)

Fig. 5. Proposed algorithm for inductor current ripple evaluation.

where

Ψx =
(
i
(x)
L,ts

+ i
(x)
L,tl m

) (
t
(x)
lm − t(x)

s

)
+

(
i
(x)
L,tl m

+ i
(x)
L,tm

)
×

(
t(x)
m − t

(x)
lm

)
+

(
i
(x)
L,tm

+ i
(x)
L,tr m

) (
t(x)
rm − t(x)

m

)
+

(
i
(x)
L,tr m

+ i
(x)
L,te

)(
t(x)
e − t(x)

rm

)
(13)

with x = r if t ∈ [0,DTs) and x = f if t ∈ [DTs, Ts). For
each iteration of the algorithm given in Fig. 5, the differ-
ence between IL,av and ĨL,av is determined, and if lower
than a minimum acceptable error ε (e.g., ε = 0.001), then
the loop is terminated; otherwise, the value of iL0 is updated
as inew

L0 = iL0 + δi(IL,av − ĨL,av), where the gain δi deter-
mines the convergence speed and the stability of the algorithm
(δi = 0.1 is a fair conservative choice).

C. Examples

Let us consider the MSS7341-183ML Coilcraft part with
Lnom = 18 μH [36]. For a buck converter with Vin = 12 V,
Vout = 3.3 V, fs = 465 kHz and Iout = [0.5, 3.75] A, the re-
sulting currents and inductance wave-shapes yield by the pro-
posed algorithm are shown in Fig. 6. Plots of Fig. 6(a) high-
light that the inductor current waveshape looks triangular below
lLav = 1.5 A and above lLav = 2.75 A. Average inductor current
ILav . The expected cusp wave-shape of a saturated inductor
current appears only for values of the average current between
these two boundaries. Indeed, the inductor works in weak sat-
uration region when the average current is much smaller than
I∗L [see Fig. 7(a)], while the inductor mainly works in the deep
saturation region when the average current is much bigger than
I∗L [see Fig. 7(c)]. As discrete FC inductors are built using
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Fig. 6. (a) Current and (b) inductance wave-shapes for MSS7341-183ML at
different values of the current IL ,av . According to the versus of the current
arrow, IL ,av moves from 0.5 to 3.75 A, using steps of 0.25 A.

gapped cores, the gap limits the inductance, making it larger
than the air inductance, though not as much as the same un-
gapped core would allow [23]. As a result, Fig. 6(b) shows that
the inductance is lower than 6 μH when the inductor works in
deep saturation region (e.g., at ILav = 3 A), whereas the in-
ductance is about 15 μH when the inductor works in the weak
saturation region (e.g., at ILav = 1.0 A). Accordingly, the peak-
to-peak current ripple of the deeply saturated inductor is about
five times the ripple resulting for the weakly saturated induc-
tor. In Fig. 6(a), the wave-shapes of the inductor working with
at an average current such that the ripple falls within the roll-
off region are also shown. In such situation, the peak-to-peak
current ripple can be bigger than the ripple at the nominal induc-
tance, though not so much as someone could expect. For exam-
ple, at ILav = 2 A, the peak-to-peak ripple is ΔiLpp = 0.68 A
(ΔiLpp/ILav ≈ 34%), whereas at ILav = 1 A, the peak-to-peak
ripple is ΔiLpp = 0.42 A (ΔiLpp/ILav ≈ 42%). Therefore, de-
spite of the saturation, ILav = 2 A could be an acceptable op-
erating current for the inductor, provided that the power losses
and the temperature of the part are within the allowed limits,
and the inductor current ripple does not cause bad operation
of the other power devices, such as MOSFETs and capacitors.
Nevertheless, a complete analysis of the inductor, including the
thermal dependence of parameters, is required in order to pre-

dict the realistic behavior of the device in whatever operating
condition.

III. TEMPERATURE IMPACT ON INDUCTOR SATURATION

In the SMPS design, data describing overall impact of tem-
perature on power devices losses and temperature are needed.
The temperature effects on the inductors winding resistance at
low and high frequencies are deeply discussed in the litera-
ture [37]. Thermal effects on hysteresis of soft ferrites are also
discussed in the literature [38], [39]. Some manufacturers pro-
vide data and/or curves describing the changes of the L versus
I curves with respect to the temperature. As shown in Fig. 8, a
temperature increase determines a decrease of I∗L , an increase
of L0 and of the roll-off steepness in FC inductors. Complete
data regarding all these dependences are not always disclosed
by manufacturers. Mostly, the curves available in datasheets and
websites show a horizontal left-side drift of the curves when the
temperature increases. Starting from the experimental L versus
I curves of FC inductors working at different temperatures, the
thermal coefficients λ30% and λ70% can be determined for the
current values I30% and I70% , given by

λ30% =

(
I30% , T − I30% , 25◦C

I30% , 25◦C

)
T − 25◦

, (14a)

λ70% =

(
I70% , T − I70% , 25◦C

I70% , 25◦C

)
T − 25◦

(14b)

From (14), the temperature effect on I30% and I70% can be
evaluated as follows:

I30% (T ) = I30% , 25◦C [1 + λ30% (T − 25◦)] (15a)

I70% (T ) = I70% , 25◦C [1 + λ70% (T − 25◦)] (15b)

Therefore, from (15), the updated temperature-dependent val-
ues of σ and I∗L can be determined by means of (5b).

IV. EXPERIMENTAL RESULTS

The experimental tests have been realized by using the
Texas Instruments TPS54160EVM–230 buck converter evalua-
tion board [40]. The following case study has been investigated
and discussed: Vin = 12 V, Vout = 3.3 V, lout = [1.5; 2.1] A,
fs = 465 kHz. (at about 20 ◦C ambient temperature). The
MSS7341-183ML inductor has been connected to the board
through a pair of wires allowing the connection of a current
probe, as shown in Fig. 9. The comparison between the actual
saturation curve and the modeled curve obtained by using the
arctangent function given in (4) has been shown in Fig. 10 for
such an inductor.

The instrumentation used for the experimental measurements
includes a LeCroy WaveRunner 44Xi Oscilloscope, a Tek-
tronix TCP 305 50A current probe with TCP A300 amplifier,
a Sorensen Electronic Load, a Ti EX354RT Power Supply and
a Fluke 54 II B digital thermometer with K type thermocouple
have been adopted for the experimental measurements. For the
MSS7341-183ML part, Lnom and Ldeepsat have been extracted
from the datasheet; σ and I∗L have been evaluated using (5a) and
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Fig. 7. Inductance vs current curves (gray curves) and different inductor current swings (red, blue and green thick curve) for MSS7341-183ML: IL ,av = 1.0 A (a),
IL ,av = 2.0 A (b), IL ,av = 3.0 A (c).

Fig. 8. Temperature influence on the L versus I curve for an FC inductor.

Fig. 9. Evaluation board adopted for the experimental test.

(5b), respectively. Thermal coefficients, like λ30% , λ70% , and
λDCR , have been evaluated using the L versus I curves and the
approximated formulas provided by the manufacturer. Fig. 11
shows the experimental measurements for the inductor voltages
vLp and vLm , and the inductor current iL , for IL,av = 1.5 A
and IL,av = 2.1 A, respectively. Fig. 12 shows the ripple cur-
rent measurements (green curves) and the simulation results
obtained by using the proposed algorithm (red circles), respec-
tively, for IL,av = 1.5 A and IL,av = 2.1 A.

A further experimental test has been conducted by using
a 15 μH part. Similarly, the MSS7341-153ML inductor has
been connected to the board. Fig. 13 shows the experimen-
tal measurements for the inductor voltages vLp and vLm , and
the inductor current iL , respectively for IL,av = 1.5 A and

Fig. 10. Modeled and actual saturation curve for MSS7341-183ML.

Fig. 11. MSS7341-183 part: voltages and currents experimental measure-
ments (current amplification applied = x5). (a) IL ,av = 1.5 A. (b) IL ,av =
2.1 A.
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Fig. 12. MSS7341-183 part: simulated (red-dashed lines with red dots) and
measured (green wave-shapes) inductor current ripple. (a) IL ,av = 1.5 A.
(b) IL ,av = 2.1 A.

Fig. 13. MSS7341-153 part: voltages and currents experimental measure-
ments (current amplification applied = x5). (a) IL ,av = 1.5 A. (b) IL ,av =
2.1 A.

Fig. 14. MSS7341-153 part: simulated (red-dashed lines with red dots) and
measured (green wave-shapes) inductor current ripple (a) IL ,av = 1.5 A (b)
IL ,av = 2.1 A.

IL,av = 2.1 A. Once again, Fig. 14 shows the ripple current
measurements (green curves) and the simulation results (red
circles), respectively, for IL,av = 1.5 A and IL,av = 2.1 A. The
waveforms shown in Figs. 12 and 14 highlight a perfect agree-
ment between experimental and simulated ripple waveforms.
These experimental results validate the model and the method
for the analysis of inductors operating in saturation presented
in the previous sections. Thanks to the reconstruction of the
ripple current waveform, it could be possible to correctly eval-
uate as the copper losses, including the effects of high fre-
quency harmonics, as the core losses, which are dependent
on the peak-to-peak ripple current too. This analysis is very
significant as in the design of high-power-density converters, as
in the identification of main inductor parameters from experi-
mental measurements.

V. CONCLUSION

A smart use of inductors in the SMPS design requires an
aware assessment of inductor saturation effects. The lack of
methods for quick prediction of real impact of inductor satura-
tion in SPMS applications leads designers to the conservative
choice of bigger inductors, aspiring lower ripple, losses, and
temperature rise, whereas sometimes a smaller inductor could
globally outperform a bigger one. The model and method for
ripple analysis of saturated inductors proposed in this paper al-
low the investigation of effective SMPS design solutions with
minimum size inductors, as well as the identification of optimum
design tradeoff and of the parameters of the inductors. The pro-
posed algorithm has been fully validated experimentally, with
highly accurate reconstruction of current ripple.
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