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Introduction - What Is an Inductor?

* If current is increasing, inductors try to
keep them from increasing

Magnetic Field

-V + m
I ONYOYL
— L} I

Current * _ +

What is the main task of the inductor?

« If current is decreasing, inductors try to
keep them from decreasing

Magnetic Field

Opposes a change in current

Vel di
C T dt | +V-
- VYL
Inductors always have a voltage across them if current | + -

there is change of current

| =constant V=0
Y Y Y O\
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Inductance

_Hour A
|

FLength () —b{ How to Increase Inductance:

u T Higher Permeability Core Material

L N2

Cross-Sectional Area (A,

| | Reduce Effective Length of Core

Core Material
T A1 Bigger Core Cross Sectional Area

N | Higher Number of Turns
Number of Turns (N)

Balance Between Size, Weight, and Performance
Smallest Package Possible to Reduce Weight
Less Turns Possible to Reduce Ry
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Permeability

Air ~1

Iron (FE-Based) 50 to 150

Nickel-Zinc 40 to 1500 The magnetic field remains the
. same

Manganese-Zinc 300 to 20000

Magnetic flux concentration can

intensify by  using highly
) permeable core material

)

YYyYYYY

rvy vy
—(

A
| = HoI:r

B = WoMr H

N2

ve]]
Tl

= Mo
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Rated Current

Self-heating of the component caused by the wire's R

The temperature rise is not standard, and varies from manufacturer to manufacturer.

Tame Ambient Temp -40 to 85°C/-40to ?°C
AT Temperature Rise (Self-Heating) 20K/ 30K / 40K / ?K
Top Operating Temperature Max. Value Given in Datasheet

100

e}
o

Don’t exceed the maximum operating temperature Tp

» At higher ambient temperatures, the AT (self-heating)
should be adjusted

» Larger-sized component

Temperature Rise [K]

0 5 10 15 20 25 30

Rated Current [A]




Saturation Current

When the current is passed through the coil, the coil generates
a magnetic field.

The magnetic core is magnetized by the field, and its internal
magnetic domain rotates slowly.

When the magnetic core is completely magnetized, the
direction of the magnetic domains

. . Magnetic Flux Density
becomes consistent with the B )

magnetic field.

Magnetic
Field
Strength

State dependent behavior B,H

Initial State of
Magnetic Core

Under External
Magnetic Field

Saturation
State
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Saturation Current

Inductance drops by 30% at the given current

Inductance [uH]
o o o
(8] | 4]
o o o

o
4]
o

0.30

0.20

AL =20%

-

0 2 4 6

8 10 12 14 16

Saturation Current [A]
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Losses

Copper Losses
DC loss
Heat dissipation of the inductor winding’s Ry

AC loss : : :
. . Current in Opposite Current in Same 5= ,ﬁ
Winding structure loss driven by the frequency Direction Direction w p

Proximity Effect
Skin Effect @@ m

Magnetic material loss
Eddy Currents
Hysteresis Loss

Core Losses
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Resonant Frequency

Inductance [H]

2000

1500

1000

500

-500

-1000

-1500

-2000

¥ 3
. 1 I
Induct fo=——
)?L ;IC><I:B o R™2miLc o |
N T/ 8 |
Capacitive o
X< Xe §_ I
E
v I
I
I
|
Frequency [MHZ] '

Frequency [MHz]

Self-resonant frequency needs to be much
higher than the switching frequency
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Start of Winding

The converter switch node is close to the start of winding side

VIN SoW Oriented to the SW Node
2
e . L y
IN ouT
E) --COUT
GND GND
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Selection of Inductor In DCDC
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Inductor Selection — Different Switching Frequency

Switching frequency is a key factor to determine how much inductance you use.

Example: 5A Buck

Switching
Frequency
Size v
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Inductor Selection — Current Ripple

ling lpeak = lour + Al /2
uvLO I

T
y Ipeak
Peak current

DriverH 1,{45%@.53?2 ERAUEABERAG, A5
L — N OUT )*Tﬂn
4 e ) &l
— | DriverL HT Q2 e CIN 2 MTA; T AVIN <100mV ESR < _AVIN
< IN peak
+ C1GND Ar,
COUT 2 (B*FSW*AVOUT)
XEEIHEER: 174 Av,,
* lour Q1 D.C. (Duty Cycle) = I;’UT ESR<—A
° A IL IN
« AV, S D.c. V... ripple:
o AVOUT ON ™ FSW AVOUT~AIL( ESR + 1 /(S*EQW“*COUT))
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Inductor Selection — Working Condition

Design Example:

45% Inductor Ripple Current
20mV Peak-to-Peak Output Ripple
With Fs=500kHz / 2MHz

Vin=12V; Vout=5V @ 2.5A

Component Sizing
12V to 5V at 2.5A

25
o 20
=
8 15
c
g8
'g 10
Q.
@
O 5
500kHz 2MHz
= Cout (UF) 14 3.5
m Cin (uF) 21 5.2
®m Lmin (uH) 5.19 13

Inductance (uH)

Inductor Selector Tool ~

Buck Sync Buck Non-Sync Boost Sync Boost Non-Sync
Vin Min (V] Vin Max V] Vin Nom [V) Frequency [kHz)
L lout 10 15 12 500
1:1
swW Ripple Current [AIL %) Vout (V] lout Max [A]
. J +
‘l{n -[ c :| -[ c Vu_ut 45 5 25
I Calculate Inductor Values
Iprak “Based on Nominal Values
N LiHI I uslA L pealAl Get your Inductor @
>t 5.19 2.50 3.06 Recommendation
Inductor Selector Tool ~
Buck Sync Buck Non-Sync Boost Sync Boost Non-Sync
Vin Min [V) Vin Max [V] Vin Nom [V Frequency [kHz]
L lout | 10 15 12 2000
141
sw! Ripple Current [AIL %] Vout V) lout Max (4]
+ J +
V!h -l- c j -I- c Vﬂ_l-ﬂ 45 5 25
I Calculate Inductor Values
Ivlak *Based on Nominal Values
Loms IAI'
R LIH sl A] I peaklA) Get your Inductor @
>t 1.30 2.50 3.06 Recommendation

https://www.monolithicpower.com/en/inductor-selector-tool m|5



https://www.monolithicpower.com/en/inductor-selector-tool

Inductor Selection — MPS Inductor Flyer

MPL Molded Power Inductors

i

- - ]

p ol - 26 S "_é,‘l-
® Vv - VvV ¥V . > v

MPL-AT2010 | MPL-AT2512 | MPL-AT2514 | MPL-AL4020 = MPL-AL5030 | MPL-AL5050 MPL-AL&050 = MPL-AL&060 | MPL-AY3020 | MPL-AY4020 | MPL-AY1050 | MPL-AY12565

Example
6.8uH / 8.5A

Base [mm] 1.6 2.5%2 2.5%2 £.1x4.1 5.5%5.3 5.5%5.3 6.6X6.4 b.6X6.4 3.5x3.2 4.465%4.1 11x10 13.5x12.6 Base [mm)
Height [mm)

Helght [mm) 1 1.2 1.4 19 2% 4£.8 4.8 5.8 1.8 1.8 4£8 6.2

Roe lomcoi lsxmone Roe laaco lsima  Roe agc lssraaond Roe Tnacae lscrmnw Roe Tns 'sarmoo Roe 'ngco lsarmang Rpe |
Imal (A] [A) |mD] (&) (mo) (4] (&) [mol (&) (&) [m0) (&) (A) |im0] (&) (A} |(maO)

13.5 6.4 BS
Power Inductors

19 55 6.4 Power Solutions Experts 195463 9

Temperature Range 40 C to +125 C

26 5.15 8.6

28 47 8

SEMI-SHIELDED
ROUND WIRE

30 43 62

3.3

49 15 195

37

8 12517 55 14

95115 15

7

14

FLAT WIRE

209 1.8 2.8

97 2.45 2.6

13 9.8 14 8.6

13

pacon lsaraaon
(LY

(A

25

23

20

TemperaiiBRAHEAG IERIT )2501.6526 |129 22 24 | 15 9 13 | 9.9 12

19.5

tors have b designed f | porf with MPS IC;
Our Inductors have been designed for optimal performance ’ 345 1.4 1.95

136 21

21

370 1.3 1.75 | 163 1.9 2 1% 7.8 12

21.8 85

3.4 7

https://www.monolithicpower.com/en/support/product-literature.html

125 115 18

13.3 10.7 16

12

9

0.33uH

0.47vi1

0.56pH

0.68pH
0.82uH

1.0pH

1.2pH

1.5pH

1.8pH

2.2pH

3.3pH

LTpH

5.8uH

6.8uH

8.2uH

10pH

15pH

22uH
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https://www.monolithicpower.com/en/support/product-literature.html

Inductor Selection — MPS Inductor Flyer

MPL Molded Power Inductors

v VvV ¥V ¢
[ 155°c ]

et et =

MPL-AT2010 | MPL-AT2512 | MPL-AT2514 | MPL-AL4020 = MPL-AL5030 | MPL-AL5050 MPL-AL&050  MPL-AL&060 | MPL-AY3020 | MPL-AY4020

Base (mml  2x1.6 2.5x2 2.5x2 6141 5.5x5.3 5.5%5.3 6.6X6.4 6.6X6.4 3.5%3.2 4.45%46.1 11x10
1.8 4£8 6.2

Helght [mm) 1 1.2 1.4 19 2% 4£.8 4.8 5.8 1.8

Roe lomn lscmonm, 1
Ima)  (a) (&)

Rpe Toauk lsxrmaony
(m0) (ma) (a] (&)

e MmEs

19 5.5 6.4 5| 3.78 13.6 26.5 Power Solutions Experts

Rue lmane lsammane] Roe laco. lsamam, lngaa lsarmam Roe L Laummaon
(m0) (Al [A] |(m0) (&) A [a) (m} (A] [A)

3.9213.2 22 Temperature Range 40 Cto #125C

.5 5 128 18

SEMI-SHIELDED

8.6 | 65 11.2 16

7.5 8 10 14

71| 97 9 12/

(o588 2))

70 2.4 34 (215 55 62 | 123 8.2 11

345 44 52 | 21 & 10

180 1.7 2.4 | 52.2 3.65 4.2

35 5.8 55

https://www.monolithicpower.com/en/support/product-literature.html

Power Inductors

ROUND WIRE

FLAT WIRE

MPL-AY1050 | MPL-AY1265

Example
1.8uH / 8.8A

13.5x12.6 Base [mm)

mes



https://www.monolithicpower.com/en/support/product-literature.html

Inductor Selection — MPL-AL Series

(o0}
o

N
o

DCR (mQ) or Power Loss (mW)
N (o))
o o

Inductor DCR and Power Loss
12V to 5V at 2.5A

6.8 uH

100mW

6.6 X 6.4 x 5.8mm

500kHz
= DCR (MQ)

® Power Loss (mW)

66mwW

2MHz

mLmin (uH)

8
7
6
T
52
3
45 :
g L]
33 )
=
2 L]
1 .
0 L]

* MPL-AL (Low-Resistance Molded Inductors)

Start of Winding Indication

Flat Wire Construction

Lowest DCR

High Performance

High Saturation Current

Soft Saturation

Stable over Temperature

Max Operating Temperature: 155°C
Sizes: 4020 / 5030 / 5050 / 6050 / 6060

mes



Inductor Selection — Example On MPQ4573 Dem

R8 for EMC

L3 sizing:
+  500kHz = 6.8uH
R8 +  2MHz=1.8puH
AN
e}
12v c4_| L3
Vin 1 0.1pF 15uH vou
T BIVN BST  swl2 2228 Vour _ _ _  5VI25A ]
R23 cs Lcoa Lcs L L L L
C12 100 R NS R3 | 220F | 22pF cxc | cm | cE | coF
—— VW 100kD Re 1 100 nF | 10nF | 1nF | 10nF GND
01pF/ 0603 = 20k0 = = = = = fD
EN D 100V 12 e et A il
D1 R2 u1 RE 4120 -
BZT52C5VES NS MPQ4573 7_eam§ R11 fow
= 3 5 RT = FREQ 76.8k0 400kHz
Pe| | PG FREQ —
PGis highif Ve z
is within £10% of Vrer RY 2 2MHz
100kQ
49V 6 cem
J_ Ve SYNCO
c3 v C10  R20
1pF GND — ]
7 : 01ApF 100 =
= Fs selection:
= *  500kHz = 60kQ
I JP2 .
AVAYAY
I NS
I

2MHz = 13kQ

Cc1
—

0.1pF

R21

100 =



Inductor Selection — 500kHz Waveforms

MK FHE: 12Vio 5V @ 2.5A
e L=6.8pyH (16mOhm)

* 89.74% Efficiency
AIL=1.04A (42%) Transient can be optimized with more Cout / Compensation.

@ 500y & |200m  2swenEr @ 7 ) 16002 - - SO0y & )400m  2506Pu/EF LD /|| 24 l0Epoz:
@v0.0000005  10M 5 5.30V 23:4549 P+v0.0000005  10M &5 1524 22:30'42
Rl RS | 373.374kHe




Inductor Selection — 500kHz Waveforms

MK ZHE: 24V to 5V @ 2.5A
L =6.8 pH (16mOhm)
AIL=1.125A (45%)
Real AlL=1.8A (72%)

ek T 7,

& 200 250670/ @D 7 || 24 100 - ~ @ 00V J400ms  2soopuRr @ 22 10022
@ov0.000000s  10M & 222714 Ev0.0000005  10M & 1.08 A 02:01'59
BREATEE ¢ < 10H:




Inductor Selection — 2MHz Waveforms

MK FE: 12Vto 5V @ 2.5A
L =1.8 pH (10.5mOhm)

83.82% Efficiency
AIL=0.96A (38%)

@ 0V

AVo = 1.84mV

e

- .

|

> 0.000000 5

10M A,
BikeTE

2,28 4
1.73669MHz

22 10022
025532

~ @ S0y & ]

;10.0u.s —
W+0.000000 s

R : Y
10M 5, 864y
RS AREE ¢ 1.77416MH:

22 10022
03:08:109




Inductor Selection — 2MHz Waveforms

MR 24V to 5V @ 2.5A
L =1.8 pH (10.5mOhm)

AIL=1.125A (45%)
Real AlIL=1.4A (56%)

AVo = 3.4mV

@ 5oV & }

400
v 0.000000 5

G Y

10M & 870
R SHEE ¢ L71787MHz

22 10 F022
031132

~ @ 50V & ]

;10.0u.s —
W+0.000000 s

R : Y
10M 5, 870V
RS AREE ¢ 1.77081MH:

22 10022
03:09:37




Inductor Selection — Efficiency Curve

Efficiency Curve of MPQ4573
(60V, 2.5A sync Buck -
250mQ/45mQ Rpgony ) 90%

100%

« Calculation shows highest DCR pote

loss in coil for 500kHz setup

* Real world 500kHz efficiency
is higher because of less
switch transition losses

70%
60%

50%

Example:

How to losses split up?

1 45W (500kHz@2.5A): Bt
IC-FET Rgy: 823mW

\/ Coil DCR: 100mW

v Transition losses and IC supply 10%
losses: 134mW

v' Others (Core + AC Winding + o 0%
EMI Filter): 290mW '

40%

EFFICIENCY (%)

20%

500kHz 6.8pH

2.0MHz 1.8puH \

0.7 1.2 1.7 2.2
LOAD CURRENT (A)

4w

—— 35W
Law <

/

y 2
‘ 0
4 25w W
7! N
4 @)
2w =
o
,’ m
» 15w %
a
* —
1.45W 1W |<_E
@]
|_

0.5 W

ow

25 27
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Pain Points of Inductor Using

Saturation Current
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Design Example (MVQ4573 Demo Board):
* 75% Inductor Ripple Current

*  With Fs=500kHz

* Vin=16V; Vout=5V @ 2.5A

Component Sizing
16V to 5V at 2.5A

DCR DCR DCR DCR

5 52.5mQ 173mQ 180mQ 50mQ
__ 45
I 4
2 35
8 5
S 15
2 1
c 1
0.5

0 Oth

AL4020  AY3020 = AT2514 el

Brand

mL_typ (uH) 4.7 4.7 47 47

|- |_sat (A) 4.2 3.1 2.4 1.7

CORRPNNWWAM

o o1 o1 Ol

a1
Saturation Current (A)

Inductor Saturation Current

Inductor Selector Tool ~

Buck Sync Buck Non-Sync Boost Sync
Vin Min [V) Vin Max [V) Vin Nom [V)
L lout , 10 18 16
141
swW Ripple Current (AIL %] Vout (V) ot Max [A]
N J .
V!n -[ c “-I -[ c Vn_ul 75 33 25
I, Calculate Inductor Values
peak *Based on Nominal Values
boes IAIl
L IH) It awslAl L peatl Al
>t 2.79 2.50 3.44

Inductance drops by 30% at the given current

1.00

o o o o
@ ~ © ©
S =] =] =]

Inductance [p

o
o
=]

0 2 4 6 8 10 12 14

Saturation Current [A]

Boost Non-Sync

Frequency (kHz)

500

Get your Inductor @
Recommendation

‘MRS



Current Ripple Comparison — AL4020

Test Condition: 16V to 5V

* L=4.7pH (52.5m0Ohm)

* |_Sat=4.2A

* OCP Threshold: 2.9A (11% ripple change)

@ 00V & 200 250600 @ S 22 10022 - — @ W0V &% 200 2506R @ S 22 10022
@ovI72.00000  10M & 860V 05:52:40 Tova72.00000  10M & 860V 055150
FicE AR @ 476.105kHe SRR ¢ 466 772kHe




Current Ripple Comparison — AY3020

Test Condition: 16V to 5V
L=4.7 pH (173mOhm)
|_Sat=3.1A
OCP Threshold: 2.8A (24% ripple change)

— — sw® O | 2Rz - ~ 0oV ][i.dops S ][ '20'10)'32022]
Iv13.38400ms  10M & 920mé 203424 D+v13.38400ms  10M g5 2344 2135147




Current Ripple Comparison — AT2514

Test Condition: 16V to 5V
L=4.7 pH (180mOhm)
|_Sat=2.4A
OCP Threshold: 2.8A (40% ripple change)

Wv0.000000s  10M g 2144 22,0254

T @ 00V w Lo 250 @/
Wv0.000000s  10M g 760m4 22:01:55

25 10 2022 - ~ @ WiV & ][i.dops — osoouR O S ][ '25'10)212022]




Current Ripple Comparison — Other Brand

Test Condition: 16V to 5V
e L=4.7 pH (50mOhm)
+ | _Sat=1.7A

OCP Threshold: 1.1A

00 s @ /| 2 W0mn 0.0V & ]2-00us 2506/ @ 7 2210 F2022
W+v372.0000ps  10M g 3.60Y 06:54:49 W+v372.00000s  10M & . 8.60Y 08:57:25
SRS 1 479735k BPELREE 1 477 439k




Saturation Condition: Thermal Rising

Test Condition: 16V to 5V
L =4.7 pH (AL4020 & Other Brand)
* Ambient temperature: 26°C

MPL-AL4020

Other Brand

Load=1.1A

Load=1.1A
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Pain Points of Inductor Using

Impact of EMI
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Copper Under The Inductor

Standard Reference Schematics

short short

E!'\'EJ LL2A L BB, Lre N
VEMD T TuH N§ N8
Landee Lonsadenas  erundens LemscLanec éﬁ
e
GND3y £
c.’lD
o Lo Toe Tom Lo Lor oo L
T TR TR TR TR Y TV T
=5
Gip
1 GND
@
@n
Different Copper placing under Inductor
’ ”~ -'; b § i)




Copper Under The Inductor: Test results

CISPR25 Class 5: CE Average measurements

25
il The board with Top copper under the inductor is better in the
M fundamental and following harmonics

10

< 5 5@ l

?3 0 i 1 —

g ] VR (i “M A ‘,1 il w u“ﬂ
10, ‘ \ | A \‘ “‘ i ,'MN: | H u‘ ll i
e I ! ‘ 1 \\ i M ; 1 a.l,

-25

T MHz 2 MHz 3 MHz AMHz  S5SMHz 6MHz 7MHz  9MHz 11MHz13MHz 16 MHz 19 MHz 23 MHz 30 MHz
Frequency [Hz]

TB1: Copper under L TB2: Removing Top TB3: Removing Internal TB4: Removing all
copper and Top copper copper
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Copper Under The Inductor: Test results

CISPR25 Class 5: RE Log Average measurements

35

The board with Top copper under the
inductor is worse in most high frequency

30

~N
v

Level [dBuV/m]
S

200 MHz 250 MHz 300 MHz 350 MHz 400 MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz 1GHz The Copper area under the IndUCtor In
Frequency [Hz] top layer is Vout. The eddy currents
are induced there. The Parasitic
Capacitance between SW and Vout is
increased by this extra area.

TB1: Copper under L TB2: Removing Top TB3: Removing Internal TB4: Removing all
copper and Top copper copper

mes



Copper Under The Inductor: Conclusion

The magnetic fields emitted by PCB with window in Cu under coil
the inductor create eddy currents
when they hit perpendicular to a
conductor.

These eddy currents create
losses in the form of heat and
reduce the effective inductance.
However, the eddy currents also
generate magnetic fields which
oppose the inductor’s one.

PCB with no window in Cu under coil

By placing copper under the
inductor, most magnetic field is
captured and converted to eddy
currents so the emissions are
lower.

mes



Shielded & Semi-Shielded Inductor

Changed the standard molded inductor used in all other test MPL-AL4020-1R0
to the semi-shielded MPL-SE4030-1R0

APPLICATIONS APPLICATIONS

+ Battery-powered devices
s High-efficiency SMPS

» Embedded computing

+ Input filters

+ Battery-powered devices
+ Embedded computing

« High-current SMPS

s High-frequency SMPS

= POL converters

« FPGA
AL AL ARSCIERISIIES) FEATURES ELECTRICAL CHARACTERISTICS

Parameter Value Unit Parameter Value Unit
. f'ze Séa’lmmﬂmmxtgmm Inductance L £20% 1.0 uH *  Size Ammxdmmx3mm Inductance L 20% 1.0 WH
. ow N " - g
+  Low AC Losses Res!slxm:e Roc typ 101 mQ : iﬁbschéelded Construction Resistance Roc typ 12,5 mQ
+  Low Audible Noise Resistance ux Rocuax  max 11.8 mQ . Low Stray Field Resistance wax Rocmax  max 15 mQ
*  Molded Construction Rated Current Ir typ 1) o »  Max Operating Temp +125°C Rated Current 2 I typ 63 A
«  Soft Saturation Saturation Current 5:c ¥ Isarzsc typ 8.6 A *  ROHS/REACH-Compliant, Saturation Current a5oc ) Jsarzsec typ 7.5 A
+ Stable Over High Temperatures i @ Halogen-Free _
+  Max Operating Temp +155°C :amm'on cFu"ent e ;SM orcf IO i: M’:' d Saturation Current oec ¥ Jsarnorc  typ 72 A
¢ RoHS/REACH-Compliant, esonance Frequency " typ z Resonance Frequency fr typ 90 MHz

Halogen-Free Cp:8p F Cp=3p F

mes



Level [dBpV]

Shielded & Semi-Shielded Inductor: Test Results

Molded Inductor g Semi-Shielded Inductor “

CISPR25 Class 5: CE Average measurements

o,
= \‘ﬂ \ “ “r, NW\JL’\‘

\ u ~“ s

lﬂ' vM V)‘
{V A M\ {LM

u

4!

’f

Wy »_; “‘l L W

f‘ 'f: \1, g

,.,‘r»m. '

M"

wh

10‘6 kHz 200 kHz 300 kHz 500 kHz 800 kHz 2MHz 3 MHz4 MHz

Frequency [Hz]

7 MHz 10 MHz

20 MHz 30MHz 50 MHz

110 MHz

The semi-shielded inductor is much better at low frequency and

helps at the FM band.

Level [dBuV/m]

CISPR25 Class 5: Monopole Average measurements

30
25
20 - -
15
10
4dB @"‘“
5
bl
0 l‘ Iy '({ A
\ f g
. F ) “ M M Pt A \”*
L. | | L A AL
o=y Pomaghy ot " st \
Jip A Ay AR Wi
100 kHz 200kHz 300 kHz400 kHz 600 kHz 800 kHz 2MHz  3MHz 4MHz  6MHz 8MHz 30 MHz
Frequency [Hz]

The semi-shielded inductor emits less E-field.

mes



Shielded & Semi-Shielded Inductor: Test Results

- 1000 IMpedance Curve (Molded)
Molded Inductor Semi-Shielded Inductor “
100
CISPR25 Class 5: RE Log Average measurements (vertical) g 4
£ 8
2 E 1
30
28 0.1
2% =1 S : =
2 i\ \ A "\ \BESEEISESEEY 0.01 Cp_8pF
B N nath— A Ho 1 10 100 1000
%22” AN N AT \ [\ Frequency [MHz]
B0 ~ . hoes
3 | | ‘ w00 . IMpedance Curve (Semi)
\ \ \ o PGP
‘ Dol 1000
104 = 100
6 | § 10
20(5) MHz 250 MHz 300 MHz 350 MHz 400 ‘MHz 450 MHz 500 MHz 550 MHz 650 MHz 750 MHz 850 MHz ' '{GHZ E
Frequency [Hz] !
Overall the semi-shielded looks better except for the resonance at 320MHz. 0.1
o Cp=3pF
1 10 100 1000

[
equency [MAz



Shielded Inductor: Conclusion

Shielded inductors are not always having better EMI performance compared to
non-shielded or semi-shielded inductors. Each design is unique, you have to test
in the early stages and evaluate which components are best. Not all inductors

are built equal.

Larger area for
E-field radiation

Shielded (molded) Semi-Shielded (epoxy coatingi)nl:.s




Orientation of Inductor (Start of Winding)

The converter switch node is close to the start of winding (SoW) side.

VIN SoW Oriented to the SW Node
&
TcC _‘_mmrLL \/
IN ouT
Z), T Cour
GND GND

- SoWw

* Avoids audible noise from harmonics
* Reduces emissions caused by the inductor
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Orientation of Inductor - XAL5030 1puH in Both Directions

Start of Winding at SW is 2-3dB better
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Orientation of Inductor (Start of Winding)

4.5mm Helght End of Winding side
' 1 Contact metal with two
m (( ’)> clip into airgap for

o mechanical robustness
™
I 5 Even if SoW is at

SW, plate will cause
SHAPES AND DIMENSIONS

trouble
7.2+02 ) 45+0.3
Contact metal acts as antenna for g 18’5 3
E-field from SW-node dV/dt @ B &
A
_ 4.8)
Inductance print] 1.2+0.15 1.240.15
Polarity Marking (st.side)
Weight: 0.72g

Dimensions in mm

Example Drawings from Murata, TDK and ABC
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Orientation of Inductor (Start of Winding)
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SW-node contact plate removed:
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-
—
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-
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L

4.5mm height contact plate act as E-Field antenna for SW-node high dV/dt.
Optimum coil should have SW-contact at the bottom.




Orientation of Inductor (Start of Winding)

"I Average "l Peak
] ©reenis original Coil .| Blueis original Coil
] Pink is with removed metal at SW -] Pinkis with removed metal at SW

35t a5t

a0+ Grenzwertlinie gestrahlt EN 55025 P eak Klasse 5

Pegel indBMm
Fegd indB.\vVm
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Grenzwerilinie.gestrahlt EN 55025 QP
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SW-node contact plate removed:
Winding soldered directly to PCB.

6 dB lower emissions at 1MHz

In Monopole Antenna Test mPS




Conclusions

 Inductor

An Inductor Reacts to Current Changes

Stores Induced Electric Energy as Magnetic Energy

Inductance Depends on the Core Material Characteristics and Number of Turns
Rated Current & Saturation Current

SoW Orientation.

0O O O O O

* Inductance Selection

o Topology Determined.
o Design Target: Current Ripple, Voltage Ripple.
o Worst Case Working Condition: Input Voltage Range, OCP & SCP.

* Influence of EMI

o Copper Under Inductor.
o Shielded Inductor / Inductor Structure — Smaller Size Preferred.
o Place Sow At DCDC SW Terminal.
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