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= Todays challenges in Power design

= Inductor Caculation
Alex Snijder

Field Application Engineer
= Shrinking the inductor
Wurth Eletronik
= Summery

+316 10 98 48 25

Questions and answers.
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HOW TO CHOOSE A POWER INDUCTOR e ==
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EMC
Size
Current
Which one?
Voltage
Application
Temperature

Efficiency
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L W= Vout) =D M lV‘J
fswitch *1 % Jout / ‘ —I—Bul )

BUCK CONVERTER : Inductor calculation

Saturation current

r 2 20% and < 40% of lout

1 L

Lmax LT=rl
ILave 1AIIA[ Al Li=r?
ILmin

D«T (1-D)=T t,
TOFF
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INDUCTOR SELECTION : L vs Current

Induktivitat vs Strom (typ.) /
Inductance vs Current (typ.)

P

LH)

cunren
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safe operation area

total saturation area

INDUCTOR DESIGN : Standard design s g ==
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Toroidal coil : Iron Powder
WE-SI, WE-FI

Solenoid coil :

NiZn / MnZn
WE-Tix, PD2

Solenoid coil + Shielding

NiZn / MnZn
WE-PD, WE-TPC, WE-PD2SR




INDUCTOR DESIGN : Standard design

Date 01.03.2016

cademy

Small size : 0603 to 1210

Publc/ Confidential [ Inermal Uss | POW_inducior_Selection
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Multilayer

NiZn and Metal Alloy
WE-PMI, WE-PMCI

Semi Shielded
NizZn
WE-LQS

Plastic Molded
Nizn
WE-GF, WE-GFH

opying and reditrbuion rights wih us swiny we-onine con

INDUCTOR DESIGN : MOLDED INDUCTOR

e

No solder or welding joints
for highest reliability

Lead frame free-design for
best co-planarity

Reduce parasitic capacitances

for lowed AC losses Self shieling construction for

best EMI performance

Publc/ Confidential [ Inermal Uss | PO

Greatest core utilization for highest
current handling

Protective coating for
perfect robustness
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more than you expect

TI-PMLK Buck Wiirth Elektronik Edition N2 o : 8 OKT =
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LM3475, hysteretic controller - -
/DC Current (Amblent Temperature) =0
= The board allows to analyze: s S = Increase switching frequency Ty
= The inherent properties of power inductors, L = Lower inductance .
including saturation, losses and thermal . ’ : bl
effects, and their correlation with physical e i Higher core Iosse§ n th(.e inductor g om
characteristics e = Lower DC losses in the inductor 5 conm
= The impact of switching regulators operating fssain * Higher switching losses MOSFET Bl =
s . e 2000 S
conditions on the inductors characteristics
= The impact of inductors characteristics on Pk = Change core material 0A A 0A 15A i 2A A 0A A
. . . inguctors urrent
the operation and performances of switching — = Optimize core losses in the inductor for
regulators higher switching frequencies. T e ¢ vihe v
bl Suei = Different saturation behavior due to _-_-
‘maodify switching N 74438357010 'WE-MAPI Metal Alloy 4030 7.40A 9.60A
oy v difference in BH-curve and inductor E y— p—— iz ?ﬁj%eg‘
ConStrucnon u 74437349010 WE-LHMI Iron Powder 7050 1.00 uH 6.10mQ 10.0A 19.5A
TPS54160, peak current controller

| Publc | <Time>
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We can also use saturation behavior!

Inductance [uH]

0.5 10 1.5 20 25 35 4.0 4.5
DC Current [A]
Lon | R | Ly@iA [DaL,, |4 @L, | DaL, |aj L,
W | moy | T foa) fa)
L1 100 270 70 0.380 69 .380 48
L3 68 239 63 0.377 7 0.377 "
DDMMYYYY | Techric my | Publc | <TITLE> 12

Input Output Switch
500 kHz 40 %

10.0 V 330V
6.00-100V 1.00 A

Inductor

L2 -

Diode

040V

- L3
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Compare Of L4, L5 and L6 O e, CTI — r—
2019 WURTH ELEKTRONIK
- fop I \ 20
" 1, ImA] | 400 800 1200
4, ImA] 102 120 170 = WE-TPC
Puoc + Purc[mW] 608, (1)(12), 434 173.1 3895 = Size 8043
& P,,, [mW] REDEXPERT 5.1 57 79 _
P, (W] 2744 63.2 * L= 100uH
n [%] 83.1 80.7
A [MA] 122 125 = WE-LHMI
P+ Poye[MW] egs. (11)(12) 62.2 247.5 = Size 7050
2 | P,,ImW] REDEXPERT 16 5.1 57 _
P [mW] 90.0 1284.0 * L=68uH
(%] 79.8 75.9
8, ImA] 130 135 188 = WE-PD
P+ Py W] egs. (11)12) 386 153.3 3449 « Size 7043
13 | P, [mW] REDEXPERT 5.3 55 72 A _
P, [mW] 314.4 618.8 1108.2 = L=68uH
n %] 811 81.3 78.5
Do MTYY i pcadery | Publc | TmLE> 5
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Or use totally different inductors.

Inductance [uH]
® o

more than you expect
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[:]
4
2
0
0 5 10 15 20 25 30
DC Current [A]
5 R, series size core length | width | height | wvol
[uH] | [mo] material | [mm] | [mm] | [mm] | [mm]
4] 10 101 | WE-MAP! | 4030 | Met. Alloy | 4.1 4 3.1 521
L6 | 10 | 11.4 | WE-XHMI | 1090 | Hyporfiux | 11.6 | 10.5 91 1108
my | Pubic | <TITLE> 14
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. £, kHzl 300
ind.
1., [mA] 400 800 1200
Ay, ImA] 773 803 815 = WE-MAPI
P,oc + Py MW egs. (11)(12) 23.1 76.3 1645 « Size 4030
L4 P,,, [mW] REDEXPERT 31.6 31.0 30.3
=L=10uH
Py [MW] 265.2 530.4 935.6
n (%] 83.4 83.4 81.1
Ay, [MA] 455 461 466 = WE-HCI
P + Pypc IMW] egs. (1)(12) 6.1 227 503 « Size 1050
L5 P, [mW] REDEXPERT 17.3 1741 17.0
L =L =16uH
P, [MW] 334.0 690.0 1284.0
M [%] 85.0 85.0 83.1
A, [mA] 805 807 808 = WE-XHMI
P, e+ Py MW egs. (11)(12) 2.4 7.9 17.0 = Size 1090
L6 P, , [mW] REDEXPERT 363 36.3 363 v L=10uH
Poes [MW] 265.2 490.4 825.6
n (%] 834 845 82.9
OMMYYYY | Te emy | Publc | <TTLES 5




CCM & DCM

= At low load conditions the convertor drops from CCM

into DCM or Boundary mode.

= For the inductor this lead to higher peak currents

= Efficient of the convertor will drop
= Not good for EMI
= Ripple voltage on output will increase

MOSFET current iQ1 [A] inductor current iL [A]

25 "ON-OFF; OFF-ON TOFF}

1 i i state /\ state 1 OFF!
/ state /
075 Lo

NS ;a/|

025 / |
0

0 0.002 0.004 0.006 0.008

Time (ms)

0.01
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B 500/ B sooe/ W 2009/ £ 005 V000M Tigd & E 475V

Fregi] |- 80K+ _
Source
2

Sel
-

Duty(l | 21.2% Avgi 2960mV___| PPz gsimy___|
lect: Messure. ‘ Clear Thresholds
Pk PiPK Meas | -~ |

RedExpert simulation. 18Vin, 300KHz, 300mA lout.

PARAMETERS =a

180V 300Ktz 035V

DETAILS

T

S24ns 016 768 mA T68mA

= we-online.com/redexpert

[ ceConwner  [X]
v E— |
wou ey s wn o
>20ma »360ma w15y
LS| wewanmeseo @]
w o

PARAMETERS =a
ke 40
oemaLs
>300ma >30ma o9
W i 7460100 o
s 0 TemA  TemA
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Summery measurements results wnsiaucon. @vent — RedExpert Simulation 18Vin, 450KHz, 300mA lout = —
T o —E O
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Buck Converter | srcomenw [x] | oukcomenw  [x]

T —

PARAMETERS PARAMETERS PARAMETERS =a

v o Wy v soms  we 0wy mov oy
— oeraus el
2 00ma 236 sipw >300ma >%0ma stowh >300mA 23ama St6u
Inductor L4 (10 pH) L5 (16 pH) L6 (10 pH) e | s arm am W om e sEe I A T R
V.M 6 18 6 18 6 18 Ei -
CCM/DCM operation mode B com(Ipem|[lccmBipcm | M com (I pem | com M pe |l ceM (- peM | oem [bem A
DG input current I, [mA] 187.1 76.5 184.9 758 186.6 76.8 e . B
DG output voltage V., [V] 3337 3337 3.337 3337 3.337 3337 o o s
efficiency n [%] 87.7 71.5 88.7 72.2 87.9 71.2 & il TSNS T - ‘%
peak-peak inductor ripple current 4j, ,, [mA] 505 825 295 560 820 83 B i 2 \ -
indluctor average current /, [mA] 205 205 205 205 295 295 s | mme | s | e Snew  mimw 13K preenilife g e
peak-peak input ripple current Ai, ., [MA] 21 38 20 31 22 44 Pr " e (= e Pt VS e
o | <Tmes 18




Summery measurements results iy WE—=-
RN ‘WIRTH ELEKTRONIK
fsw =450 kHz and lout =0.3A
Inductor L4 (10 pH) L5 (16 pH) 16 (10 pH)
vV, M 6 18 6 18 6 18
CCM/DCM operation mode Wcempem|Clccm@pcm (B cem [ Ipem | mcem 1 peM |l cem Clpem | L cocm Bl bem
DC input current /, [mA] 186.9 7.7 185.4 775 186.2 7
DC output voltage V., [V] 3.337
efficiency 1 [%] 87.8 70.4 70.6 88.1
peak-peak inductor ripple current 4j, ,, [MA] 340 650 200 380 350
inductor average current /, [mA] 295 295 295 295 295
peak-peak input ripple current Aj,, [MA] 19 33 17 28 23 38

emy | Pubic | <TTLE>
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Hands-on learning kit

= Investigate the impact of magnetics on the
performance of a switching power supply

= Help to speed up your design

= |deal for everyone new in the field of power
design but also experienced designers to
increase knowledge of magnetic
components

= Developed in collaboration with Texas
Instruments and with Dr. Nicola Femia, a
renowned industry power expert and faculty
at the University of Salerno, Italy.

= Get your kit at we-online.com or your local
sales contact
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Download the experiment book

Complete version - Rev B
‘The complete version of the PMLK Learning Kit Experiment book

Kit Introduction - Rev B

The Kit inroduction and and explanation of the board

Experiment 1 -Rev B

Invesfigate how the inductance of a power inductor changes depending on its physical
characteristics and on the operating conditions

Experiment 2 - Rev B

Invesfigate the impact of inductor power losses on the efficiency of a DC-DC switching
regulator

Experiment 3 - Rev B

Analyze the output fltering functions of inductors in DC-DC switching converters
Experiment 4 - Rev B

Analyze the input filtering functions of inductors in DC-DC switching converters

Experiment 5 - Rev B

Analyze the impact of inductors on continuous and discontinuous mode operation of DC-DC.
switching converters

Experiment 6 - Rev B

Analyze the impact of the inductor on the closed loop load-transient response of a peak-

current mode controlled buck regulator

For questions and feedback: pmik@we-online com
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