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Welcome E
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= «Most of the basic ideas of the
science are essentially simple and
can, generally, be expressed in the
language which everybody
understands»

Einstein
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Back to Basics E

WURTH ELEKTRONIK

Magnetics is arguably the ‘holy grail’ of Power
Conversion. Understanding it well leads to
more optimized converter designs (smaller,
cooler...)
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Agenda WE—-
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= Review of basic knowledge

= Core material

= Skin and proximity effects

= A walk through an example : Buck converter
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CORE MATERIALS
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more than you expect .

The magnetic field W=

WURTH ELEKTRONIK

Each electric powered wire generates a magnetic field

Field model

current |

Magnetic field H
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The magnetic field and flux density

Straight wire H I

N-1

Toroidal R 2R
N-1
. H=—
solenoid
[
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The magnetic field strength is

dependent on:
» geometries
* number of turns

e current
but

NOT ON MATERIAL

www.we-online.com




The magnetic field

4 »®m O Z

ZfilN Current |

‘ Magnetic field H

Current |
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Magnetic Fields — The magnetic field “WE—-
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|_more than you expect | _

The magnetic field W
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average

Current |

2-T-R
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average

!
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The magnetic field W=

WURTH ELEKTRONIK

Air Rod core ferrite Ring core ferrite
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Induction in air:
B=u,-H
linear function, because ur = 1 = constant!
material-
frequency-
The relative permeability is a: temperature- _.dependent parameter
current-
pressure-
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Permeability — core material parameter

Temperature influence

» Relative permeability is dependent on temperature
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-66 Material - Core Loss vs Peak AC Flux Density 5w£$0

WURTH ELEKTRONIK
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Effective Permeability vs. Frequency W=
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Permeability vs. DC Magnetizing Force EVEEO
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more than you expect .
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One step beyond
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Basic principles ﬁ

WURTH ELEKTRONIK

= 1.1 Basic magnetics approach

Materials can be classified by their response to external applied magnetic fields
(that is following their magnetics susceptibility)

= In free space

The relationship between B and H is given by: B=u,H

MO magnetic permeability of vaccum

= |n material

We define a vector quantity so-called magnetization J given by: |7 _ oH
X magnetic susceptibility
We have now a new relationship:

B == ,lloI{. + ‘lloj

M absolute permeability
Mr relative permeability

B = ug(1+ x)H = upu, H = uH

17



Ferromagnetics materials L_&

WURTH ELEKTRONIK

Ferromagnetic

parois de Bloch
domanes de Weiss

In ferromagnetics materials coexist differents
interactions ( as exchange energy...), and in this
case nature is « lasy » she always favors a state
of minimum energy.

Domaine structure

A domain (so called Weiss domain) is a region of

magnetic material having only one direction of
magnetization. Each domain is separated by a i
Block wall. ®

A Bloch wall is a narrow transition region at the

boundary between magnetic domain, over which

the magnetization changes from its value in one

domain to that in the next —
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Hysteresis loop ﬁ

WURTH ELEKTRONIK

Hysteresis loop (the history of the magnet)

Hysteresis results from the shifting of domain
walls.

When the magnetisation starts, the domains
reorient themselves

Imperfections in the structure obstruct
domain wall movement

Walls pass imperfection when the gain in
energy is significantly large.

they hinder the walls from returning to the
original state,

=> varying paths upon magnetization and
demagnetization.
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One step Beyond E
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Faraday's law

V(1) - > B(1), (1)
rermz'na/ core
characteristics characteristics
Faraday’s law: i(1) < » H(t), F1)
) Ampere's law
For each turn of o _coreai-.
wire, we can write 1) AL 4
— e
+ I \}
dd(t (1) g
Van(F) = (0 VIO turns \1
dt _ 9 \J core
permeability
. , M
Total winding voltage is core
dd(t
WD) =1 Vo) = 1 T2

Express in terms of the average flux density B(1) = ®(1)/A,
dB(r)

v(f)=nA, —r

20



Final result E

WURTH ELEKTRONIK

We have:
- B.‘Il:!f fD]‘ H E ‘B_'FGIT’IIII !"l
dB(1) B

W =nd.— Ht)l =ni(t) WH for|H|<B,/H
1—35,5! for H<B_, /I

Eliminate B and H, and solve for relation between v andi. For [ i | <1,

an

. dH(©) A, dit

vir)=unAd : (=214 1)

( ) M © dt — L (f) fm dt
which is of the form
o g di(?) . wn®4,
w)=L—== with L= I
R= Reluctance of core given by: R= ufff;

We can also write: AL = 1/R L=n?AL
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Adding an air gap —!,#:':

core
permeability p1_ . F.
o, -
» 4 A | cross-sectional R,
I(_f_) A< aread, AN
+ " N
, n g D . +
V(1) furns \) —l— air gap
_ q I
s— T n i) () ®1n) SR, F,
= ] — =3 &
\. ~/ |- magnetic path
length /,, —
Faraday's law:  v(f)=n d(Ij)Er) ni=ao (Rc+ Rg)
¢
: [
. o n’ di‘(f) R = <
Cov() = © uA4
Substitute for @ (1) R_+ Rg dt . f c
. . R =%
Hence inductance is & U, A,

L_R‘ +R
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WE=-

B-H-Curve with airgap

;?;i:CD(RCJng)

L=_ 1" _
R.*R,
(I)S'{'U:BS(?(AC

I = m’A (R +R)

Effect of air gap:
« decrease inductance

e Increase saturation
current

 Inductance is less
dependent on core
permeability

WURTH ELEKTRONI](
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Vorführender
Präsentationsnotizen
Ask witch value they should use 27, 33  39 µH    More inductor => Less ripple more RDC loss


Sumarize part 1 E

WURTH ELEKTRONIK

vand B 4
dt dt  dt

These are all forms of the ‘voltage-dependent equation’, called Faraday’s Law.

We can also eliminate the voltage from the last two to get the ‘voltage-
independent equation’ below

24



Inductance and Size of Inductor E

WURTH ELEKTRONIK

= Reducing Inductance does not necessarily mean we are
reducing physical size of inductor!

Remember:

U ‘Inductance # Inductor’

=  We can create almost any inductance on almost any
size of core by placing required number of turns on it!

25



| more than you expeot | _
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Losses
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losses generally =
— -

B = F, CORE T F C

total

u
core losses copper losses
* Hysteresis losses * DC losses — depending on DCR
» Eddy current losses * AC-losses — dep. on winding structure
- Skin-Effect

- Proximity-Effect

The target is to reduce as much as possible these losses

27



Copper Loss — DC Ew£$°
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http://de.wikipedia.org/w/index.php?title=Bild:Widerstand_Formel.PNG&filetimestamp=20060514100416

Eddy Currents Cause Skin and Proximity Y=
Effect e e

So What are Eddy Currents?

Discovered by Leon Foucault in 1851
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Vorführender
Präsentationsnotizen
Eddy Current from Wikipedia

An eddy current (also known as Foucault current) is an electrical phenomenon discovered by French physicist Léon Foucault in 1851. It is caused when a conductor is exposed to a changing magnetic field due to relative motion of the field source and conductor; or due to variations of the field with time. This can cause a circulating flow of electrons, or a current, within the body of the conductor. These circulating eddies of current create induced magnetic fields that oppose the change of the original magnetic field due to Lenz's law, causing repulsive or drag forces between the conductor and the magnet. The stronger the applied magnetic field, or the greater the electrical conductivity of the conductor, or the faster the field that the conductor is exposed to changes, then the greater the currents that are developed and the greater the opposing field.
The term eddy current comes from analogous currents seen in water when dragging an oar breadthwise: localised areas of turbulence known as eddies give rise to persistent vortices.
Eddy currents, like all electric currents, generate heat as well as electromagnetic forces. The heat can be harnessed for induction heating. The electromagnetic forces can be used for levitation, creating movement, or to give a strong braking effect. Eddy currents can often be minimised with thin plates, by lamination of conductors or other details of conductor shape.

http://en.wikipedia.org/wiki/File:Foucault.jpg

Eddy Currents - Skin Effect E

WURTH ELEKTRONIK

~
Il

Area under entire
exponential curve = 2
Area of rectangle = 2

Formula for Single Isolated Wire in
free Space away from Influence of
Other Magnetic Fields.
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Vorführender
Präsentationsnotizen
This skin depth formula applies to a single isolated wire in free space well away from the influence of any other magnetic fields.

Penetration depth is defined as the point where the current density has fallen to a value of 1/e (Napier’s constant or Euler’s number) or 36.78% of the surface density.
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Eddy Currents in Wire =

WURTH ELEKTRONIK

2.5E+006 r
2E+006 ;
| 5E+006 ;
IE+008 f—
current
density F
500000 [—
eddy wire E
currents N S L ~
a 3 6
Jraler2l
eddy
currents
i(t)
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Vorführender
Präsentationsnotizen
Since we’re talking about eddy currents we need to return to our strand of wire and discuss what happens with ac currents. We saw earlier what happens when current is started and stopped seeing the magnetic field created and collapsing. But what happens when we do this all the time at thousands of times per second? What we get are eddy currents in the wire which are a direct result of Faraday’s law. The current flowing through a conductor generates a magnetic field around the conductor. This magnetic field changes rapidly as a result of the frequency, hence a voltage is induced in the conductor by Faraday’s law and in the neighboring conductors. This voltage generates a current that opposes the original current. Thus additional currents are produced in the conductor, as well as in the neighboring conductors. We’ll get to the neighbors in a minute. This opposing current cancels the current in the center of the conductor and adds to the current at the surface. This graph shows current density across a cross section. Red is high current, blue in very little. With the current flowing through so little of the copper, the apparent resistance is much greater.



Skin depth

Wire diameter

7 6 penetration — —
depth 8, cin R C
O = ——mm == :
H“E"“-—.__ :_
v/ TR0 :
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0.01 ————
w - U 0001
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For Copper
0 = skin depth
5@ 50Hz = 9.38 mm ot ‘.’t
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Vorführender
Präsentationsnotizen
This phenomenon is know as skin effect. It is well characterized by the this formula. Rho is the resistivity of a material and mu is the permeability of the material. Its the depth at which the current density has fallen to 36.8% of the surface density. Recall that resistivity increases with temperature so we want to use the 100 C value in calculations.

The key point is to understand is that skin effect as defined here applies to a wire well away from the influence of any magnetic fields. 



Proximity Effect — Caused by Eddy Currents

B
Parallel currents = wires attract Antiparallel currents = wires repel

FIGURE 2.114 Forces exerted between two current-carrying wires. 2000
= Proximity Effect Creates More Loss than
Skin Effect

= Approximate Calculations

— Dowell’s curves for simple

geometries

500000

— Work by Bruce Carsten or Charles
Sullivan for more in-depth

0
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Vorführender
Präsentationsnotizen
The proximity effect  plays a far greater role in transformers because the neighboring conductors of a winding and neighboring windings generate fields which displace the current.

Its possible calculate approximate eddy current losses for simple geometries using Dowell’s curves.

For a fuller treatment see the papers written by Bruce Carsten or Charles Sullivan.

From Wikipedia, the free encyclopedia
In a conductor carrying current, if currents are flowing through one or more other nearby conductors, such as within a closely wound coil of wire, the distribution of current within the first conductor will be constrained to smaller regions. The resulting current crowding is termed the proximity effect.

A changing magnetic field will influence the distribution of an electric current flowing within an electrical conductor. When an alternating current (AC) flows through an isolated conductor, it creates an associated alternating magnetic field. The alternating magnetic field induces eddy currents within adjacent conductors, altering the overall distribution of current flowing through them.
The proximity effect significantly increases the AC resistance of adjacent conductor when compared to its resistance to a DC current. At higher frequencies, the AC resistance of a conductor can easily exceed ten times its DC resistance.
The additional resistance increases electrical losses which, in turn, generate undesirable heating. Proximity and skin effects significantly complicate the design of efficient transformers operating at high frequencies within switching power supplies.
Many methods exist for determining winding losses due to the proximity effect in transformers and inductors.
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A walk through an example : Buck converter
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DC/DC Buck converter : Objective — to efficiently reduce DC voltage “ WO

WURTH ELEKTRONIK

in out
+. ) +
DC-DC Buck
Vin Converter Vout

which means that V; .l. =V

Lossless objective: P;, =Pt inlin

outlout and

I

out _ ]in

Vin 1l out
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Buck converter analysis WE—

WURTH ELEKTRONIK

; iy (i) I
o / — T N
.. TVl = i
original . 2 |
converter Ve C—) Co= R3O
switch in position 1 / \swfrch in position 2
iz (1) L L
—»—(BHO . —850™ n
I T _ + v _
vift) yicit) V(¥ it
V. CD C== RS v v, AL C== RS vy
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Key waveforms E

WURTH ELEKTRONIK

DT (1-D)T

oy Aigf2.
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The input/output equation for DC-DC s
converters usually comes by examining %
inductor voltages

+ (Vln o Vout) o
Lin iL Lout
—_— N_Y\> s
Switch closed for Vi - L i V;t
DT seconds P K= Touw

Reverse biased, thus the
diode is open

di di;, Vi, -V
VL :LE: VL :Vin _Voub Vin =Vour :LTJ;, al:tL = 7 out

for DT seconds
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Switch open for (1 = D)T seconds

o Vout +
I, Lout
T L +
Vin = ' ; C/_P | Vout
o (L = lout)

i continues to flow, thus the diode is closed. This
is the assumption of “continuous conduction” in the
inductor which is the normal operating condition.

di
VL — _VOMI’ - Vout = —La —

=~

WURTH ELEKTRONIK

dt dt dt
for (1-D)T seconds
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Since the average voltage across L is zero :‘V_,—of_&

I
S

VLavg = D'(Vin _Vout)'l'(l_D)'(_ Vout)

DVin :D/Vout +V0ut _D/‘/Vout

The input/output equation becomes |V, . =DV,

From power balance, V, I, =V, [, ,s0

.
]out:%
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Take a closer look on the inductor current (CCM) “WE—

WURTH ELEKTRONIK

diL _ Vm B Vout
dt L

Switch closed, v; =V, =V,

diL _ Vout
dt L

Switch open, vy ==V, .,

From geometry, | lout IS halfway

avg

max and Imin

%A/ sec between |

Periodic — finishes
<— a period where it
started

A
v
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Schematic can be more or less complex L_&
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Cin —~
Cin2 — Rsn

CinESR VSW2 Co2 P Cout

Cin2ESR Csn i Co2ESR CoutESR
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Inductor selection : Buck converter :wi—ﬁ
-— _0_

WURTH ELEKTRONIK

U,,.=15V o 2208 & Ugut =5V

fowiten=200kHz | =1A
Vin (= 15V Fsw = 200000Hz Vsw = 1V
Vout .= 5V Vd = 0.6V

What is the only degree of freedom available to the designer when

he is designing this converter?
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Ripple current E

WURTH ELEKTRONIK

_-III:ILI ! R

.

CONTINUOUS MODE
{MAX LOAD)

FIGURE 1

*‘r’ is by definition related to the average of the inductor current (the geometric center, or the
‘DC value’, and the total swing in the current Al.

*Current ripple ratio ‘r’ connects both the AC and the DC components of the inductor current.
It scales with the load current. It is also a ‘geometrical’ factor that is independent of
frequency.
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Energy stored into inductor Vs Ripple current Lfiﬂo

WURTH ELEKTRONIK

1
Energy = E L ka2

5
4.503
4.006,

3.509

3.012 | | . 2
El(ripple)2.515 Energy = —Iout-Vpsec-—-| 1 + —
2 r 2

2.018

1.521
1.024 \ !

0.527

0.03
0.01 0.109 0.208 0.307 0.406 0.505 0.604 0.703 0.802 0.901 1
ripple

— Energy stored on inductor
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. a0
. = 5
Inductor selection : Buck converter e W/

WURTH ELEKTRONIK

U,,.=15V o 2208 & Ugut =5V
f_1n=200kHz A
Vin ;= 15V Fsw := 200000Hz Vsw:= 1V r:= 0.4
Vout .= 5V Vd = 0.6V
Al
Al =r-lout=04A Ipeak .= Iout + — =1.2A

2

46



Inductor selection : Buck converter

DI = 20Ut _ 333
Vin

Do —Yout+ Vd a0y
Vin — Vsw + Vd

=~

WURTH ELEKTRONIK

U, =15V

Duty cycle

it =200kHzZ

D4 Vout + Vd B

Vout + Vd + Iout-Rl
D3 =

P Y YT Y P U =5V

out
I, =1A

out

= 0.359

Vi + Vd

= 0.391
Vin — Vsw + Vd
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Inductor selection : Buck converter L_&

WURTH ELEKTRONIK

U,=15V . Y . Ugy =5V
. in=200kHz YN
out —

Switch on time and Volt psecond law

D4 6

DI ~6 Tond:=——=1795%x 10 s
Tonl =—— =1.667x 10 s
Fsw Fsw
Vusecl := (Vin — Vout)-Tonl Vusec4 := (Vin — Vout)-Ton4
D2 — _
Ton2:=—— =1.918 x 10 6s Ton3 = D—3 = 1.955 x 10 6s
Fsw Fsw

Vusec2 .= (Vin — Vsw — Vout)-Ton?2 Vusec3 := (Vin — Vout — Vsw — Rl-Iout)-Ton3

48




Inductor selection : Buck converter

Vusecl _
- YMSCCL 4 167x 10 " H
r-Iout
Visec3 _
= IMSCC0 6% 107 O H

r-Iout

=~

WURTH ELEKTRONIK

it =200kHzZ

) _
_ YHSCC2 4315 % 10

4 _
14— HSCCH 487 x 10




Inductor selection: Lets go with few mistakes

First selection: 744777147 (WE-PD type M)

B Elektrische Eigenschaften / electrical properties :

=~

WURTH ELEKTRONIK

C Lotpad / soldering spec. :

self-res fequency

cigenschaften Teslbedingungen / Wert /value | Einheit /unit | tol [mm]
properties test conditions 22

e ooz | | w0 | w | _
DC-Widerstand /  mmo - - 1.6
DC-resistance @20°C Rocyp | 0,1700 0) typ. ; 3
DC-Widerstand / me | !
DC-resistance @20°c Roc max 0,2600 Q max. | | |48 |80
Mennstrom / _ | i
rated current AT=40K Inc 1,03 A max. . v
Sattigungsstrom / o 16
saturation current |AL/L|<10% lsat 1,10 A typ. Y r
Eigenres -Frequenz . SRF 10,3 MHz typ.

50



Saturation current o=~

110

Definition 100
Waurth Elektronik: 90

e.g. WE-PD 80
70

60
50

inductance L/Lo [ %]

40
30
20
10

0

WURTH ELEKTRONIK

& am
\\.\ ______________ } AL= - 10%

0 5 10 15 20 30 35 | [A]
Saturation Current

- the saturation current always refers to a certain inductance drop and is individually
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Saturation current — W —o—
18|

Fil= Edit Hierarchy Wiew Simulate Tools Window Help
| B H | F0 | ol BEaE| a2 a e ¢ Lo s = 3 SZDQ‘?{P@OE’?HE’_EA«-HF|

‘( 1735 self non saturable I *:ﬁ 1735 self non saturable I 3::: 1735 self saturable '[: 1735 self saturable I

= 1735 self non saturable

N

-

1735 self saturable

1.47.1

e

Win EdTwoe o T
- i P
u1 o B
L. . . TG —| FOsEE200 . C b 1 T - . s
. e ==CS L _ n ExTyoo THTvoo = . _gn o
q Run/Ss L ° R E e Tinszis i P
H N Bessti——p Y ey L
L L AT W vt |'4m
S a0 5 0 o o g=l_o - o —| FogREg0 A - - - - - - - -
= Lo @z L I SR - |es P - Ho= 18 Be=.44 Br=.1 Lg=. 11 35 A= Lm=2m Roer= 10m- Rpar=-k -
AP en o I = - e o LT I I R D (i S NS I
UL 0KT E30p LTC1735 o L L NS SRR
R 1]
P T Senset [ i | S T pal— ~ ~ - | |Fogeedon
- cose i I OSEES wrerss EEE S
.. azp - - mm=e
- Wosense B e [ (=1 S
- - - o 5
SOHD GO ‘tran 0 6504 250y Startup L [
SOHD POHD _ Amn 0 650N 260N shrkin,
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Inductor selection: How to improve? W=

WURTH ELEKTRONIK

= Energy stored

1 2 -5 1 —
Esat := E-Lwe-.9-Isat =2559%x 10 J E2 = —-L2-Ip€:ak2 =3.107x 10 5J
2
[uslay  Current Lonig
!:.m_r'-; J:nhlrr.?d o
Stoeply Rising Gurrent ;'""‘; . ‘-"_
N under High Appitsd | i P Hazamous o of
'I.I'f'.'lhl.u-u = Paak Curment
i I “Couresnr Lemr© _
: LT -
I = IToc i]
. COMTIMUCUS MIDE E
i {MAS LOAD ?
FIGURE 1 ‘

Tl
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Inductor selection: how to improve? W=

WURTH ELEKTRONIK

L (uH)

105,00 -

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

100,00

95,00

e ——]

— safe operation area

90,00

-
SN

85,00

N

80,00

N

75,00

70,00

65,00

60,00
55,00

50,00

45,00

40,00

35,00

30,00

25,00
20,00

15,00

N total saturation area

10,00

5,00

0,00
0,0

0,1

0,1 0,2 0,2 0,3 0,3 04 0,4 0,5 0,5
Current (A)

Important when using Inductors made out of Ferrite
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Inductor selection: how to improve?

B Elektrische Eigenschaften / Electrical properties :

=~

WURTH ELEKTRONIK

C Létpad / Soldering spec. :

Figenschaften / Testbedingungen / Wert/value | Einheit/unit| tol
properties test conditions
inductance. 1kHz1 025V L 56,00 g | s20%
DG resstance @zc Rocep. | 0,087 0 |
gg:gﬁ;ﬂigﬂ / @20°c Roc max. 0,110 0 max.
gg?;;tﬁ?eﬂ:ﬂ AT=40K loc 2,01 A max.
salieation cutent [ALIL <10% ot 2,35 A | o
Sy s | a0 | wa [mm
Esat := %-Lwe-.9-1sat2 —1392x 107 4]

03.04.12 Rev00 | AL | Public/Confidential | FAE training
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7,0

il
L]

12,8
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Component selector

=~

WURTH ELEKTRONIK

wiirth Elektronik Component Selector - [Inductor Selector] — =] =]
File Tools Window Help - =2
[~ Buck Corverter Inductar Series Order Code Inductance HatedCurrent S aturationCurrent
Uin=8-15% Y= 036 (]
AT, L e | 744071470 1200 me2
lout =1 4 + 40 % =200 kH= Settings O sinale WE-TPC 744065330 1359.0 mo 125.0°C yes
= O single WE-TPC 744066330 92,0 me2 125.0°C es
— s [ Single WE-TPC F44066470 121.0 mc» 125.0°C e
=) O Single WE-FD T447TFI33 140.0 m2 126.0 °C yes
" O Single WE-FD 7447713330 170.0 m2 126.0 °C yes
o [ sSingle "WwWE-FD F447713470 207.0 mi: 1256.0 °C yes
o} - T + - - O single WE-PD 7447714330 BE.0 me2 125.0°C ves
Time [ps]  Sinale “WE-PD 7447714470 82.5 mg2 128.0°C s
- —  Sinale “WE-PD 7447714560 101.0 me2 128.0°C s
— Inductor »/E-TPC 744071330 in Application 1 Single WE-PD 7447715320 FE.0 m 1265.0 °C yes
| peak = 1.27 & DC Losz = 97 s, [ sSingle WE-PD 7447715470 105.0 mex 128.0°C e
AlL=0544 Core Loss = O Single “WE-PD T44771133 49.0 mo 125.0°C pes
o s = 5 Total Loss = 37 miw/ [ single WE-PD T44771139 125,0°C yes
Gz [WES = O sioo- s o Fa4TTI1AT 125.0 °C ves
15 =a [m | Converter =k 1zomm 12.0mm 12600 yes
= " @5 L~ as Corvverter Type £ Converter Details . 12.0 mm 12.0 mm 125.0°C yes
Za P Os b 1Z0mm  120mm 125,0°C yes
& iz Afvf 74fT7 = @0 = Os *+ Buck Cornverter a0 L opt = 44,872 pH P 12.0 mm 12.0 rmm 125.0 "C e
a :" JERY I ‘%‘ =5 ;‘/ | = EBoost Corverter | s = 1,000 .4 r 12,0 rmm 12,0 mm 125.0°C e
- n; ] Y7 LI A Os SEEIE Capmesien Uin Wt =0,359 L 120mm 12,0 mm 1250 °C yes
£ os [IIAY h ¥ s oW tom=1.795 ps L 120mm 120 mm 125.0°C es
o1 L) o b @55 s Calculate Loszes = 3 12,0 12.0 rrn 1250 C vese
os L] 3|
0 2 & 8 8 1012 1% e e wm = e w J-— 15 |¥ I
Tirne (ps] Input Woltage (W) Tip: R
0 Uir.calc
— 15 W
@ reject |
K abort | Vi
B—— /
\ &0
z o /
=2 o Ly
bt =
£ ™ = /
E
s 5 40
£ g /
30 /
- //
h /’
o =1
e o 4 4 4
0.0 0.5 1.0 1.5 =0 2.5 EX 35 0,0 o5 1,0 15 20 2.5 3,0
Current (A) Current (A)
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=~

Component selector o

Lonverter ]
f 200 kH= — Corveerter Details ——
lout |1 o, L opt = 44872 pH

| rrmz = 1.000 &,

— Converter Type

* Buck Converter

Fil

40 4
B oozt Conwverter —i
SEFIC Converter | OF O—e i l ? —O W b= 0,359
2 e ton=1.795p=
Calculate Lozzes
(] I sk
s v == T ;._—lnug L =
Hin.cale
15 vy L
: = . O “4= apply
@ reject
x abort
D4 ~ 6 Vout + Vd _
Tond:=——=1795x 10 s D4 =— " —0359 4.2 Ybsecd o7y 107 0H

Fsw " Vin+ Vd r-Iout
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Component selector W

WURTH ELEKTRONIK

wiirth Elektronik Component Selector - [Inductor Selector] - |E'| X|

Fil= Toals ‘limd o Help - 5 X
[~ Buck Cornverter Irductor -~ [ Size [ Order Code [ Inductance | FidcTop [ FiatedCurrent | 5 aturationCurrent | Length | it [ Height | Oper.Temp. | Shielding =
Uin = 15 W =036 O Single GN4% 744071330 3.0 pH 5.0 1848 1.5 .00 2.0 43 mm 12600 pes
HES ey R O Single 8043 744071470 47.0uH 120.0 me2 154 134  BOmm  B0mm 43 mm 125.0°C yes
lout =1 A +- 40 % f=200kHz O Sinale 1028 744065330 33.0pH 139.0 me 1648 1.3 4 10,0 mm 10.0 mm 2.8 mm 125.0°C yes
= O Single 1038 744086330 22.0uH 92,0 m 214 184 100mm  10.0mm 28 mm 126.0°C pesg
e O Single 1038 744086470 47.0uH 1210 mee 1848 194  100mm  10.0mm 28 mm 126.0°C pesg
= O single FIE  F44FFTIEE 2.0uH 1400 me2 1148 1.4 7.3 mm 73 mm 43 mm 125.0°C pesg
'" O Single 1020 7447713330 2.0 pH 1700 M2 1.4 224  100mm  10.0mm 3.0 mm 125.0°C pes
® o= O Single 030 7447713470 47.0pH 2070 e 1248 184  A00mm 100 mm 30 mm 12E0T pes
ol T H p T p= - - O Single 1050 7447714330 3.0 pH B0 ZEA 284 A00mm 100 mm B0 mm 12E0°C pes
Time p= O Single 1050 7447714470 47.0 pH 525 mi 224 264 I00mm 100 mm B0 mm 12E0°C pes
: — O Singl= 1050 7447714680 56.0 pH 107.0 me2 20a 234 100mm  10.0mm 5.0 mm 125.0°C v
[ Inductor WE-PD 744771156 in Application O single 1245 7447715330 330 pH 75.0 m 2348 254  120mm  120mm 4.2 mm 125.0°C ves |
| peak = 1.16 4 DC Loss = B8 miwd O Single 1245 447715470 47.0uH 1050 me2 2048 214 120mm  120mm 43 mm 126.0°C peg
AlL=0324 Core Loss = 18 miw O single 1260 744771133 33,0 pH 49,0 m2 278 304 12.0 mm 12,0 mm 5.8 mm 125.0°C yes
e, Eim = I Total Loss = 106 miw/ O single 1260 744771139 39,0 pH 57,0 m0 254 274 120mm 120mm 5.8 mm 125,0°C ves
- - O Single 1260 744771147 47,0 pH 72,0 mil 264 12,0 rm 5.8 mm 125.0°C pes
150 = 0 ) T n )
_ o = O Single WE-PD 1280 744FFONEE 3.0 pH 47 0 224 e z 12.0 rm 7R mm 12600 pes
= O Singl= WE-FD 1280 V44770133 2.0 uH 52.0 me 204 25 g 12.0 mm A mm 125.0°C =
R ———— g = O Single WE-PD 1280 T44FFO147 47.0uH FE.O M 27 A 208 12.0 mm 7B mm 125.0°C neg
= :;E AT Y £ 0 O Single WE-PD 1280 F447F016E 56.0 pH 25.0 mi 2448 298 12.0 mm 7B mm 125.0°C veg
By s - O Single WE-PD 1210 7447703330 22.0uH 6.8 me 424 5.5 ! 12,0 mm 9.8 mm 126.0°C peg
2 om O single WE-PD 1210 7447709390 9.0 uH 43,9 m0 LRI 5.0 12,0 mm 9.8 mm 125.0°C peg
7o = O Single WE-PD 1210 7447709470 47.0pH 45,9 m 284 458 12,0 rm 9.8 mm 1250°C pes .
o o Al | v
o s 10 15 140 15 150 155 160
Time [ps] Input voltage (V) Tip: Right-click with mouse on column-header faor filtering components.
<) select all n_:'_] deselect all
10t 1.2
—
\ 10
05
z g
- (=]
2 M =
=S 10 = 08
k= \.._ £
= 2
04
02
1a” oo
] 1 z z £ 5 2 Ed 0,0 0.2 04 05 08 10 1.2
Current (A) Current (A)
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RMS of common periodic waveforms

e is(0)

(T = Tonin) the ripple
I'maxT 0 -

Imin 7]

the minimum value

I min

Iavg — (Imax ; Imin) \

0
]2 _ (]max _Irnin)2 +2[min ° (]max _Imin)

2
rms — 3 7 +1 min

Define ]PP = Imax _Imin

2
> _Ipp 2
[rms— 3 +[min]PP+]min

=~

WURTH ELEKTRONIK
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= —0
- -
RMS of common periodic waveforms -lf—c&:

WURTH ELEKTRONIK

Recognize that [, = Lyve =

2 2
2 2 2
2 l I 2 I
L ims ];P + Iavg]PP ];P +Iavg _]angPP +-L

IPP - ]max _[min
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The End eV ==

WURTH ELEKTRONIK

= Thank you
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