COMPONENT HEATING OF POWER
INDUCTORS IN SWITCHING
REGULATORS USING IEC 62024

Alexander Lang Tech Lead Power Magnetics
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HEATING SHOWN IN THE DATASHEET
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Dimensions: [mm]
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Recommended Land Pattern: [mm)]

Electrical Properties:

Properties Test conditions Value Unit | Tal.
L [100kH/ 1V 1 uH | £30%
Rated Gurrent L |AT=40K 58 A | max
Current lor [ 1AL/ < 30 % 15 K
ot Roc | @20 °C 1 mD | +30%
Self Resonant ™ 159 Miz | typ
Voltage v |DC 120 V| max
b—
Certification:
RoHS Approval Compliant [2011/65/EUA2015/863]
REACh Approval Conform or declared [EC)1907/2006]
Halogen Free Canform [JEDEC JS7098]
Halogen Free Conform JEC 61248-2-21]
AEC-0200 Grade 1
Schematic:
General Information:
#nm':;aansmpﬂam (referring 40 up 1o +85 °C
e YL 40upto +125°C

Storage Conditions (in original aner e
packaging) e 40%C:= T5% RH
Moisture Level (M5L) 1

Test conditions of Bectrical Properties: +20 “C. 33 % BH If not specified differently
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HEATING SHOWN IN THE DATASHEET

Electrical Properties:

Properties Test conditions Value Unit | Tol.
Inductance L [100kHz/ 1V 1 uH | +30%
Rated Current I, ||AT = 40K 5.9 A | max
Saturation Current lopr | IAL/LI < 30 % 11.5 A typ.
DC Resistance Rpe | @ 20 °C 11 mQ | +30%
Self Resonant Frequency o 159 MHz | typ.
Operating Voltage V. | DC 120 V | max.
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WHY DOES THE COMPONENT HEAT UP
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WHAT IS RATED CURRENT

Typical Temperature Rise vs. Current Characteristics:
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MARKET SITUATION OF RATED CURRENT DEFINITION

Irms (A)® ltemp (A)typ.
20°C rise 40°C rise (AT=40deg.C) Rated Current | &k [aT=50k 2 | A | ma |

(3} DC current (A) that will cause an approximate AT of 40 °C after one hour
) DC current (A) that will cause an approximate AT of 100 °C after one hour

Irms is the DC current which cause the surface temp:erature of the part increase less than 45°C.

Rated Current (max) 1.4 A (AL=30%, AT=257),
1.8 A (AL=30%, AT=407C)

DC current (A) that will cause an appruxih'late AT of 40 °C

Temperature Rise .....40 °C at rated |’
Rated Current

Rated Current : Value defined when DC current flows and Rated Current (Based on Inductance change)
or when DC current flows and Rated Current (Based on Temperature rise) whichever is smaller.
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HOW TO INCREASE THE RATED CURRENT

— 2 *
I:)Ioss - IDC I:QDC
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OTHER OPTIONS NEXT TO THE RDC

ambient temperature

th Core

Rth PCB Rth wind. Rth wind. Rth. PCB

Rdc losses
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IMPACT OF THE PCB ON THE HEATING
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RATED CURRENT DEFINITION AND SPECIFICATION

»¢3 Temperature rise current: The actual value of DC current when temperature of coil rise is
AT=40C(Ta=25C) Board conditions: FR4, Copper=70um,four-layer PWB, t=1.6mm.

The part temperature (ambient + temp. rise) should not exceed 155 °C under worst case operating conditions. Circuit design, component
placement, PWB trace size and thickness, airflow and other cooling provisions all affect the part temperature. Part temperature should be
verified in the end application

Rated current lemp 1o Current that will cause a A40°K self-heating at room
temperature

Irms Testing 1Circuit design, component, PCB trace size and

Irms testing was performed on thickness, airflow and other cooling provisions

0.75 inch wide x 0.25 inch thick all affect the part temperature. Part temperature

copper traces in still air. should be verified in the end application.

Temperature rise is highly
dependent on many factors
including pcb land pattern,

trace size, and proximity to
other components. Therefore
temperature rise should be
verified in application conditions.
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WEAK POINTS OF CURRENT SPECIFICATION

= Test setup with insufficient description
= Many influences which can corrupt the final result
= Specified value is difficult to put in relation to the real application
» |safirstindicator, but hard to assume if it useful for end application
= (Choosing the best component out of many is difficult because the numbers aren’t comparable

= How to improve?

1 1 | COMPONENT HEATING OF POWER INDUCTORS

INTERNAL | TRI, ALA | 28.11.2023




IEC 62024-2:2020

Classification Performance Rated Current

Tabelle 2 - Leiterbahnbreite und -dicke

Bemessungs- Leiter- Leiter- Beispielanwendung
stromklasse bahnbreite bahndicke
W t
mm um
liiasse & (1,0 bis 22,0) + 35+10 Verbraucheranwendung (Anwendungen mit
(0,2 bis 0,5) einseitigen Leiterplatten)
 S— 40+ 0,2 35+10 Verbraucheranwendung (Anwendungen mit
doppelseitigen Leiterplatten)
| F— 40+ 0,2 105+ 10 Verbraucheranwendung (Anwendungen mit
mehrlagigen Leiterplatten)
| P 40+0,2 1000+ 50 Anwendungen von Automobil- oder Energie-

versorgungsu nternehmen

ANMERKUNG 1

ANMERKUNG 2

lieeee o2 Siehe Bild 2a).

-!;KIEEBE B, jmasse C. -';KJEIBEE |:I'- SiEhE B”d Eh:l
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IClass B

IClass C

IClass D

125

125

Trace thickness = 35 um.
FR4 thickness = 1 mm.

100

Trace thickness = 35 ym.
FR4 thickness = 1 mm

‘—36.5—,3

Trace thickness = 105 pm.
FR4 thickness = 1 mm.

100

Trace thickness = 1 mim
FR4 thickness = 1 mm.




IEC 62024-2:2020

WE Definition of Performance Rated current

= (lass B: Product Series with standard requirement profile
= (lass C: Product with are used in high packing density application
= (lass D: Products with current capability higher then 30A
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EXAMPLE CLASS B
74477001

= WE-PD
Electrical Properties:

Properties Test conditions Value Unit | Tol.
Inductance L 100 kHz/ 250 mV 1.2 pH | £30%
Rated Current lhagx [ AT =40K 135 A | max.
Performance Rated CurrentV | Ipos | AT=40K 16.2 A | max. I]
Saturation Current @ 10% lsar 10% | 1AL < 10 % 21 A | tp.
Saturation Current @ 30% lsarags | IAL/LI < 30 % 27 A typ.
DC Resistance Rpe |@20°C 46 mQ | typ.
DC Resistance RBoe | @20°C 7 m( | max.
Self Resonant Frequency fos 45 MHz | typ.
Operating Voltage v DC 120 V| max.

T refer to IEC 62024-2-2020

Test conditions of Performance Rated Current: refer to IEC 62024-2-2020) Class B {PCB Copper
Width: 40 mm; PCB Copper Thickness: 35 pm)
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EXAMPLE CLASS C

/4437377010
= WE-LHMI
Electrical Properties:
Properties Test conditions Value Unit | Tol.
Inductance L 100 kHz/ 10 mA 1 UH | +20%
Rated Current lraok | AT =40K 15 A | max.
Performance Rated Current ") lpaok | AT =40K 23.5 A | max. |]
Saturation Current @ 10% lsaT10% [ IALLI < 10 % 15.4 A | typ.
Saturation Current @ 30% lsar30% [ IALLI < 30 % 38 A typ.
DC Resistance Roc [@20°C 2.7 mQ | typ.
DC Resistance Rope | @20°C 35 mQ | max.
Self Resonant Frequency fros 41 MHz | typ.

1) refer to IEC 62024-2-2020

Test conditions of Rated Current: refer to IEC 62024-2-2020,
PCB Copper Thickness: 105
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Class C IP{}B Copper Width: 40 mm;




EXAMPLE CLASS D

744303015
Electrical Properties:

= WE-HCM P
Properties Test conditions Value Unit | Tol.
Inductance L |100KkHz 10 mA 155 nH | +20%
Rated Inductance La | 100 kHz/ 10 mA/31.0 A 150 H | typ.
Rated Current lhaok | AT = 40K 31 A | max
rerformance Rated IRpaok | AT = 40K 639 A | max.
Jaturation Current @ |l | 1AL < 10 % 445 A | .
Fogeration Gurrent @ | s | IALLI < 30 % 515 A | tp.
DC Resistance Ryc | @20 °C 0325 | mn [ 7%
Self Resonant Frequency | f. 110 MHz | typ.

1) refer to IEC 62024-2-2020

Test conditions of Performance Rated Current: refer to IEC 62024-2 Class D {CB Copper Width:
40 mm; PCB Copper Thickness: 1000 it
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PERFORMANCE RATED CURRENT

Electrical Properties:
Properties Test conditions Value Unit | Tol.

Rated Current
Performance Rated Current

100 — R 5 i - - L
7 -
- Rated Current (IR) measured on _:EP / / Samral_lnn Current & 30% 'mr.ao'm &LL< 30 % 321 A typ.
90 L —— DC Resistance Rpe |@20°C 22 mi | +10%
WE legacy PCB boards / / - s ® || w
) o
=  Performance Rated Current (| / —
RP -0 Certification:
measured on Class B, Class C or _ / / Ros Approval Complant [2011/86/EL&201/863]
% 60 / REACHh Approval Conform or dedlared [IECH 907 /2006]
C l dass D PC B S § / / Halogen Free Conform [JEDEC JS709E]
E 50 Halogen Free Conform [IEC §1248-2-21]
§ / / Component Qualification AEC-0200 Grade 1
E 40
k2 / /
30 / General Information:
Further information can be found in / / Amblent Temperamure greferring -
. . 20 ol
appllcatlon nOte ANp096 // // Operating Temperature -40upto +126 °C
10 - .
A/ g;l::rkﬂau;}r?gﬂ]'ﬂmﬂﬂs {in original < 40°C;< 75% RH
0 0 10 20 30 40 50 60 Moisture Sensitivity Level (MSL) 1
Current [A] Test conditions of Electrical Properties: +20 °C, 33 % RH if not specified differanthy
40 mm; PCE Copper Thickness: 1000 pmj
° pltur p. TarefuJ ure oud ‘I fn pIIt :
conditions.
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CONCLUSION IEC STANDARD

= By using the IEC 62024-2:2020 we perform the measurement with highest possible transparency.
= Series can be compared on a defined level

= Better appraisal for end application by knowing the used PCB layout

= High trust for the value in the datasheet
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REDEXPERT

Simulation Tool for specific PCB Design
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REDEXPERT

Simulation Tool for specific PCB Design

Temperature
Ambient Temperature Component Temperature
20°C 60 °C

() CALCULATE RATED CURRENT

Length (L) Width (W)
20 mm 40 mm
Copper Thickness (H)
105 pm

CALCULATE CURRENT
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REDEXPERT

What else is missing?

= Power Inductors are mainly used in DC DC Converter.
= |naDCDC Converter the inductor needs to handle 2 currents.
= DClosses
= AC losses
= To have most usable result we suggest to use Redexpert which is calculation the total losses of the application
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REDEXPERT

Simulation of AC Losses

WIRTH
ELEKTRONIK

Buck Converter

PARAMETERS
l H P
T2
0.00Vv 5.00
- —0
Topology
@ Monsme
Input
Viamin 10V Viomax 12V
Output
Vou SV low 2A
Switch
fen 500 kHz
Inducter
Al 40% Show Suitable -
Diode
v 07V
| Cueow= ) @ e
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22

YO Finers:

%/ Order Code v

Type = Single, Single HV.

Series '/ Size

<+ 74438357068 WE-MAPI

<> 74438357082 WE-MAPI 4030
<+ 74438357100 WE-MAPI 4030
<+ 74438367082 WE-MAPI 5030
<+ 7440650068 WE-TPC 1028
<> 7440650082 WETPC 1028
<+ 744065100 WETPC 1028
<> 7440660062 WETPC 1038

v

EXPERT

550 pH<L@200A <102 pH

Automotive

=240 A

Spec Type

s Single
Single
Single
Single
Single
Single
Single

Single

Power Inductors

2014

L

6.80 4H
8.20 iH
100 pH
8.20 pH
6.80 4H
8.20 iH
100 pH

6.20 pH

120V

L@2.00 A

ATror <800K

Y Rooyp

6.49 4H 69.4 m0)
7.79 yH 81.0mn
9.43H 101 mo
7.82 pH 50.0 m0)
6574H  250mQ
7.67 ypH 285m0
929pH  400m0
6.09 pH 20.0m)

A Y

375A
345A
305A
485A
4.20A
380A
3.00A

500 A

I

T20A

6.80 A

595A

6.60 A

3.60 A

280 A

250 A

450 A

<+ 744066100 WE-TPC 1038 X Single 10.0 uH 9.70 yH 27.0 m 3.90 A 4.00 A
< *

L

e L Y

19.5MHz

17.0 MHz

15.0 MHz

13.0 MHz

30.0 MHz

28.0 MHz

250 MHz

250 MHz

20.0 MHz

PacL W

Poc,L

v

Pror.

ATr.

100/ 216items ¢

4.10mm

410 mm

410mm

5.40 mm

10.0mm

10.0 mm

10.0 mm

10.0 mm

10.0mm

4

41

41

52

10

10

10

10

10

=Off TemperawreRise/DCCument(AmbiemTemperawre) =[]

20°C v

snow panct: [ XETGY IEXNGN
Inductance / DC Current (Ambient Temperature)
T= 20°¢ v
v = 80k
a5
E
ok
55 w0k
2
g s =
T H H 3c-><|
E H
; 5
=
4 2wk
35
10K
2k
251 ok
oA 500 mA A EN 2n 3A 354 48 a5 5A 0

Current

154

Current



REDEXPERT

Simulation of AC Losses

£ Buck Converter

PARAMETERS

Vo 5V low 2 A

Switch

fow 500 kHz

Inductor

Al 40% Show  Suitable v

Diode

Vi 0TV

[ O URORTE Y O oeTALs

2 3 | COMPONENT HEATING OF POWER INDUCTORS

INTERNAL | TRI, ALA | 28.11.2023




CONCLUSION DEFINITION OF PERFROMANCE RATED CURRENT

= By using IEC Standard we have a method where values can be compared very easily
= By offering new PCB Layout tool we can offer custom specific DC heating simulation tool

= By offering Redexpert DC DC loss, we can offer a tool where AC loss can be calculated very convenient

= Self heating can be specified and simulated in all kind of complexity.
= From comparing datasheet values up to expected self heating in end application
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THANK YOU!
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