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About the speaker ...

ARTURO MEDIANO - HF MAGIC LAB S.L.
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* Faculty member at the University of Zaragoza
(SPAIN) for 30 years
* Founder HF Magic Lab S.L.
e Senior Member IEEE
| * Chair IEEE EMC-S Spain Chapter
\ e Past Chair IEEE MTT-S Technical Committee 17
* amediano@unizar.es
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Outline ...

PN

Introduction inductors everywhere.

Let’s work with inductors in the ideal way.
Using cores.

Example Buck converter

Ideal design and simulation

Prototype

EMI results

Inductor characterization and model
Using LTSPICE to analyze the problems

5. Conclusions
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INDUCTORS EVERYWHERE
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Inductors ... ideal way.

How to work with inductors .... IDEAL MODEL

Take a wire and create a simple model:

Il

Air core inductor

N
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Inductors ... they are not ideal

The ideal behavior of an
inductor is a fantasy.
Its parasitics define your
EMI/EMC reality.
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Inductors ... using core.

A core is used for a higher inductance without the need
for big sized inductors.

Core Core and Rp
losses wire losses Adding stray

capacitance
(high frequency)
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Inductors ... commercial example
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Properties Test conditions Value Unit Tol.
Jf‘ Inductance 10 kHz / 5 mA L 2.0 ] +25%
” . Rated current AT=40K I 2.5 A typ.
DC Resistance Roc 1.0 mQ +20%
Self resonant frequency SRF 110 MHz typ.
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Example: Buck converter
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A Buck converter is designed for Vin=24V, Vout=12V and RL=50hm
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Example: Buck converter and EMC
A prototype is built ...
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Example: Radiated emissions

Let’s measure output voltage and CM current in power
supply cable:

Output voltage (AC)

Buck converter OFF (ambient noise)

Clagrand M2 =

(c) A. Mediano - HF MAGIC LAB S.L.
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Example: Radiated emissions

Turn ON buck converter and radiated emissions fail in VHF because CM currentin
input voltage cable:

3 m v
. Output voltage (AC)
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Example: Inductor characterization

Let’s measure response of our inductor (INDUCTOR #1):

10M 1000

10k 100k 1M
Frequency (Hz)

The\

:
l:.l?bs © A. Mediano - HF MAGIC LAB S.L. - amediano@hfmagiclab.com 01 Inductor 1 measurement.bode3



OMICRON 14th Power Analysis & Design Symposium "'
OMICRON
I LAB

Example: Inductor model

Frequency | Trace 1 | Carcuit Fit 1 Trace 2 | Clrc
8 Cu 48890 | 99387 0 | 138370 | -
B7.688 0 97,549 0 4712 |
100
o0
80
L/ H . W 0
Let’s calculate inductor #01 model: ) . o
g | 2
T | aw
Equivalent circuit model S £ | 0 2
g w =
Network structure: Parallel v = L w o=
‘. g 100 e o :
Pole count (1-20): v L | 40 &
= | 20 =
= 0 | a0
i -40 =
1- -50
: | 60
Ly l . 70
o I N
R, 100m = : 100
01 Inductor 1 model fit W R quengy M 1M
Re 4841 k(1 & . -
—_—] —— z I e 01 Inductor 1 SPICE model.cir t
° JIPT -
psfﬂ c;‘o"l"epr" ; t . [SUBCKT Circuit_Fit_1 Pinl PinZ
" 2 | Ra | 10833 m0 @ Pinl Pin2 1.7297352145981011E-012 | =
= 66,308 uH = R0 Pinl Pin2 -4.84067113481120056+003 | =
i - L1 Pinl N1 6.6309204221147092E-005 2
Rp | 4533k 4 R1 N1 Pin2 1.0833009535807445E-001 2
Rss 253650 2 L2 Pinl N2 4.3838990902004872E-008 £
! = Rs2 N2 N3 2.5364959807561288E+001
L: | 43839nH 3 2 N3 Pin2 6.3828648600856162E-012
c. 6,383 pF = Rp2 N3 Pin2 4.53298680536726536+003
: ENDS Circuit_Fit_1
£—— Delete line
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Example: Inductor model

Open the .CIR file with LTSPICE: Use clik+right mouse button for
B Lspice X . crating symbol and save in

B file Edit View Simulate Tools Window Help project folder:

S e e e e e e —

BB 01 inductor 1 SPICE modelcir 4 01 Models testasc - e -k e . = & 4
.SUBCKT Circuit Fit 1 Pinl Pin2 A un.nn__ o

CO0 Pinl Pin2 1.7297352145981011E-012 S0 &5 o ¢ S E

RO Pinl Pin2 -4.8406711348112995E+003 i H i H :

Ll Pigl Niné.6309204221147092E~00; 2 Pln 1 ‘ P|n2

Rl N1 Pin2 1.0833009535897445E-001

L2 Pinl N2 4.3838990902004872E-008 w ¢ wpt cgmkmg o -
Rs2 N2 N3 2.5364959897561288E+001 CerUIt Flt . 1
C2 N3 Pin2 6.3828648600856162E-012 -y -
Rp2 N3 Pin2 4.5329868053672653E+003 AR RS L
.ENDS Ci :

3 Circuit Fit
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Example: Test model in simulation

Check model with LTSPICE: 1e+007y ¥(n001)/1{v1) Y{noo2)/2{v2)
01 Models test.asc 1 o T
L1 Ul
{Pin1_Pin2!
68yH Circuit_Fit_1
Vi V2
AC AC

.ac dec 101 100 500MEG

.SUBCKT Circuit_Fit_1 Pin1 Pin2

CO Pinl Pin2 1.7297352145981011E-012
RO Pin1 Pin2 -4.8406711348112995E+003
L1 Pin1 N1 6.6309204221147092E-005

R1 N1 Pin2 1.0833009535897445E-001
L2 Pin1 N2 4.3838990902004872E-008 ; :
Rs2 N2 N3 2.5364959897561288E+001 1 :
C2 N3 Pin2 6.3828648600856162E-012
Rp2 N3 Pin2 4.5329868053672653E+003
JENDS Circuit_Fit_1
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Example: Test model in simulation

Create a model of the DC/DC converter with the Toass l”,u,], TTOTTT TTTRITOTY
“real” inductor:

02 Buck demo.asc

AAAANANAAAAAAANAAAANANA

PARAM VDC=24V RL=5
[PARAM fo=500kHz To={1/fo} D=0.5 tON={D*To} tR={To/100} tF={To/100)

S8yt 1 Rl 1 G
[ch] 47uF L) ' g
_ I(L1) Ix(U1:Pinl)

PUL_EH) 10 {tR} G'FL{EUN} {Ta}) i
ILCRAFT
J

52
W

T _SUBCKT Clreult_Fit_1 Pinl Pin2
~ |

Pl Pind] . €O Pin Pin2 1.7297352145681011E-012
Ciroul_Fit_1 L—? RO Pinl Pin2 -4.8406711348112995E +003

i VE2—t D2 5 L1 Pinl N1 66300204221 147092E-005
VR A SIRLE Ry N Pin2 1,0833009535897445E-001
(voc} o

A

VG2 L2 Pinl N2 4.383899090200487 2E-008
Rs2 N2 NI 2.5364059897561 288E+001
2 N3 Pin2 6.3828648600856162E-012
PULSE(D 1 0 (R} {tF) (1.55*tON} {Ta})) Rp2 N3 PinZ 4.5329868053672653E +003
.ENDS Circult_Fit_1
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