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Switching Regulator Topologies
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Switching Regulator Topologies

Switching Regulator Topology Inductive Components

Step-down-converter (Buck-Converter) Storage inductor
=> WE-SI/FI or WE-HC-/ or WE-PD-Series

Step-up-Converter (Boost-Converter) Storage inductor
=> WE-SI/FI or WE-HC-/ or WE-PD-Series

SEPIC Single ended primary inductance Coupled storage inductor with two windings or
converter two identical storage inductors

CUK converter => WE-DD or WE-FLEX ( with airgap !)

Flyback-Converter Flyback-transformer => WE-FLEX (gap !)

Forward-Converter Transformer and storage inductor

=>WE-FLEX (no gap !)

Push-pull Converter Transformer and storage inductor
=>WE-FLEX (no gap !)




Inductor Selector Guide N
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Interference - Transmitter / Receiver WE—
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Interference - Frequency Range for EMI Tests
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Symmetrical | Asymmetrical - Field w

Interference Characteristics
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Comparison of Core Materials: Inductive behavior B ==
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EMI: Conducted Emission Measurement

. Power supply V 1.0
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EMI: Conducted Emission Measurement

=  Power supply V1.1
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EMI: Be Aware: WE—
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= Select the right parts for your
application

= Do not always look on cost

Very easy solution with a
dramatic result!!!

Choke before Choke after

)7 Dec 20 10 12



EMI: Shielded vs. Unshielded Power Inductor

T . — : e
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EMI: Shielded vs. Unshielded Power Inductor
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EMI: Shielded vs. Unshielded Power Inductor “WEe—
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What is the main different between a Inductor and W=
EMC-Ferrite? VidCOm  —winm namonk

=> Application Storage Choke: (Inductor)

Request: lowest possible losses at application frequency
high Q-factor

=> Application as absorber-filter: (EMC Ferrite)

Request: highest losses possible at application frequency range

low Q-factor



Ferrite Material s ==
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Ferrite Inductors WE-CBF




Q-Factor

Inductor vs. EMI-Ferrite:

Q_

— _O_
WE—-
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60 —— Comparison Q-Factor: Ferrite vs. Inductor XL
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increase: Impedance

Impedance increase vs. numbers of turns__

Nidcom WURTH ELEKTRONIK

2000 |
&
vl
1600 ‘ ‘\
1200 yf
(o |
A e
300 ? I
400 // d
N=1| | L N
-"‘"‘"‘ -"ﬂ "‘:"h [
0 T
108 107 10° 10°

Freqhienty (Hz)

F... -decrease

2 turns



Why CMC's instead of Chip Beads —VE—‘*
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Impect of DC-bias (pre-magnetization (saturation)
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Impact of DC-Bias (pre-magnetization (saturation) _VE—&
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Common Mode Choke

» comparison common mode chokes CMB — CMB NiZn

WE-CMB NEZn Type S

attenuation [dB]

NN
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Advantage of a Common Mode Choke WE=
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Filtering with two inductors or chip beads

Signal before filtering  after filtering

\\ > Rise-time of the signal is affected,
which could cause problems for

I + fast data and signal lines
/ ,W -

which occurs from the DC current the filtering
performance is shortened.
»Dbecause of the pre-magnetization (saturation)




Advantage of a Common Mode Chokﬁi “WE—-
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Filtering with a Common Mode Choke

Signal before filtering after filtering

—

» no affect on the signal rise-time,
because of magnetic field compensation
» no influence of the wanted signal

+ (the two windings are magnetically
coupled)

» No pre-magnetization (saturation) occurs from the DC current,

because of magnetic coupling
» much better performance vs. two separate inductors or ferrites



Differential Noise Example: Flyback Converter —VE_‘*
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Appearance of differential noises on the input line of a Flyback Converter

mostly high Caps >100uF; Xc=1/(? xC)
— / M ' o

—9
differential interference ; : & vl
--------- e .
L1 i T
o : &
—9‘— =
, Q

‘-‘-""‘—-_

"""""""""""""""""" . é L] H""-—-__,__
dlfferentlal interference ' : i .
— Switch (e.g Transistor)

PE o©
Earth ground

= differential interference occurs mainly at /ower frequencies



Common Mode Noise Example: Flyback Converter WE—
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Appearance of common mode noises on the input line of a Flyback Converter

mostly high Cap Values >100uF; Xc=1/(? xC)

/
. e -+--_"-I /
common mode interference | ;o T Dl T N
........ e T BT i I'
-------- et ! ! e
L1 | . —
o i .
differential interference v T i
N ronnmsm——" . T D N -3 O
S
"""" o i b e T : o Il LT ———
common mode interference | A I ' - -
W " . Switch (e.g Transistor)
- + £
! /
PE G ________ _"' __________ h{ ____________ " _________ﬂ____* ______ .'_ _______ f

Earth ground \ /

parasitic capacities ; in the lower pF/nF (e.g: VCC layer to GND layer( coupling))

— common mode interference occurs mainly at higher
frequencies



Filtering Noise Example: Flyback Converter “WE—
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Filtering the mains power line for common mode and differential mode

_ "
WEVD Cx WELFSMD 2xCy Cx  2XWE-UKW
C=0,1yF L=2x2.2mH C=2,2nF C=1nF L= ca.5~10pH
L1(+) @ T ® ] ¢ +— o L
L ]
T e O =
I/ l ®
N()e R r——l- ° N
PE (GND) o e o PE




Common mode / Differential mode

Interference source interference sink
—— —_— 4‘
&) — E
f—
T T
1 < — ;
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differential mode current

symmetrical interference voltage

Common mode current

Asymmetrical interference voltage

The DIFFERENTIAL Mode Signal creates a Flux in opposite directions — Thereby canceling

The COMMON MODE signal does not cancel and an Inductive Impedance is created thereby

acting as a filter



Functionality of a common mode choke: NE——
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operational current / wanted signal N1 -

(diff. mode) (<)

= =

o :

o) 55) =

% O disturbance current —fp- 2 8
(common mode) o

(9N —

- @)

g <

=

O

The DIFFERENTIAL Mode Signal creates a Flux in opposite directions — Thereby canceling
The operational current (diff. mode) is routed by all relevant conductors through the core
(e.g. +/- or L/N). That’s why the magnetic fields of these two conductors compensate each
other to zero => no influence on the wanted signal

The COMMON MODE signal does not cancel and an Inductive Impedance is created thereby
acting as a filter

The disturbance current flows on both wires in the same direction and generates a magnetic
field in the toroidal core => the choke is able to filter unwanted noises.



Unbalanced Current EVE—%E
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- the operating current on both conductors is almost the same. When the difference

between input and output current is too big, the common mode choke is no longer
compensated and starts saturating very fast !

1 i:l Dabuwrae-U
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L k u T —
Ly 1 1%
1 "
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l Y
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| N
; N
|
':'.‘I I ‘qh
1
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1
024 N
: ™,
L 'u-\’
I: ‘h.---_---.h_l-——--_—-
O 02 04 06 0B 10 12 14 16 18
o !

r

Conneclaed with full current
compensation

==m=: 2 % current difference,
parlially uncompensaled

==« Current through one coil only,
lotally uncompensaled

Ly = Inductance
when =0






Stray inductance: Bifilar/ Sectional Nidcom # o

Sectional Bifilar

Ls ~nN 0,5 ann 20/0 * LR Ls ~n 0,1 ann 1,0 0/00 * LR



Sectional winding: _wi_@
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10000

For example: WE-SL2 744227S
Common Mode suppression
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100 o
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T

Differential Mode suppression® | 10
is high!

common moda differential mode
Y e W YWY
— QOO0 | = _Q:f.*:’,_u,j
e TaY et oIoTole
TAWATRY | 1
) ) o 10 100 1000



Bifilar winding vs. Sectional winding

10000

For example: WE-SL2 744227
Common Mode suppression

"
AT\

Differential Mode S-Type
Differential Mode suppression w=

impedance [Ohm]

0o

. i
/%?d:!
£ - A

Nidcom

WURTH ELEKTROMIK

i

N

is low!
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Common mode chokes for SMD:
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Size [mm)] Impedance [O] Current [A] Application
20x1.2x1.2 130-910 0.28-0.4 USB 2.0
WE-CNSW 32x1.6x1.9 60 — 400 0.20 — 0.37 | Firewire/ high speed dataline
ISDN
WE-SL _
12.7 x 10.5 x 5,75 1100 — 14400 0.20 - 2.70 Telecom Applications
_ PCMCIA cards
WE-SL 1 6.5 x 3.6 x 1.65 300 - 2000 0.30
744212xxx
WE-SL 2 9.2 x 6.0 x 5.0 1000 - 20000 | 0.40-1.60 | VCC Power & Datalines
WE-SL 3 P 050_070 | VCC Power & Datalines
7442521253 x3x o 9.2x6.6x2.5 1250 - 5000 .50 - 0. higher current ratings
WE-SL5 L 4 |
10.0 x8.2x 6.5 290 - 13000 0.35-2.50 | VCC Power Lines

744272xxx b




Common Mode Choke N
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- different designs

WE-SL2 744226S 10000 ey il
sectional winding =" conm.biflr .
e | == diff. bifilar Y4
— = oomm. sectional / \
1000 == diff. sectional ___‘-._ \

[ty

Impedance [Ohm]
8
N\
b
g
e

o . . 10 .H/
bifilar winding =

1 1 I!MJ‘ o

1 10 100 1000
Frequency [MHZ]

WE-SL2 7442276 4 rd /” T




CMC - USB 2.0 Filtering for Common Mode Noise WE—
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DEVICE 74 T3 e T Hus

usBz2.0 } L _ " usB2.0
Controller & s Controller
[ IC

I Eye-pattern

' pSagram,

IR empidre
N S

. Kﬂ%&m Cable 474

B 04 08 1.2 .6 20 24
Time (ns)
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CMC- USB 2.0 Filtering with WE-CNSW

measurement point TP2

USB Cable (0.5m)

S = | USB20
Confroller o sa—"— LSS SRS SRl el sl s e Bos Bim——" Controller
[G [ A | - — me— A 1

'DEVICE ‘

P
i

0.4 m—
a.aﬂ

« 0.6 . £,
0 04 08 1.2 1.6 20 24 0O 04 08 12 16 20 24 0 04 08 1.2 16 20 24
Time (ns) lime (ns) Time (ns)
90 Ohm @ 100 MHz C.M. 600 Ohm @ 100 MHz C.M WE-CBF
20 Ohm @ 240 MHz D.M. 40 Ohm @ 240 MHz D.M. 120 Ohm @ 100 MHz

Too much differential mode impedance distorts the USB 2.0 eye pattern



How Much Inductance is Needed? ~V£—‘*
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after
only changed one component

30mH!




Common Mode Choke (Sectional) "/ =

* When do we offer a sectional winding?

sectional

Nidcom WURTH ELEKTRONIK

= power supply : "high" voltage application

= signal : low and high speed signal

—> only solution to guarantee distances between the
two winding according to IEC60938 or UL1283
max. voltage application : 250 VAC / DC

—> high leakage inductor

- two products in one
(preferred for power supplies)

—> max. voltage : print in data sheet



Common Mode Choke (Bifilar) N
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* data signal application

bifilar - low leakage inductor

= power supply : low voltage application

= signal : only low speed signal

—> low voltage application
(42 VAC / 80V DC)




Common Mode Choke EVE—-%D
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« comparison Common Mode to Single Choke

current compensated or | single choke
common mode choke

— YT — YT Y
E—

e —_— Y
common mode
impedance high low to medium
differential mode medium
impedance low
dependency of
impedance from load independent depends on “core”

current

attenuation of used
signal low high




="

What Impedance is Needed? Nidcom  —winm nmcmors

Level [dBuV/m]

60  pressesssssssssgessssssssssgessssesasparssses R P RN RPN

---------------------------------------------------------------------------------

50 fosmsesnbesses TR T W T . NE— h

---------------------------------------------------------------

50M 70M 100M 200M 300M 400M 600M 1G

Frequency [Hz]




Conducted Emissions Example — Test and s W/ ==
Compare Vidcom  ~woxm oxmonik

= Chip Bead

= Differential Choke

= Bifilar Wound Common Mode Choke
= Sector Wound Common Mode Choke

Speciran Analyser

el Leved 107 00 digre
ALt 200 EWT Z9§ mE &

50,90 i\
11000 MH.
009 1 iy

TS ket




Conducted Emissions Example - Test Setup

': :-; : [!

Br -
_!Hﬂ

I 1
7 2
EE
=1

8

=il
mm

W=

Nidcom wﬂm ELEKTRONIK

a) no load
b) 1.5A load
300KHz fsw.
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Conducted Emissions Example — Demo Board  yiicorm —ke_——<o

FCC Class B limit

Spectrum Analyzer
Ref Level 107.00 dépV RBW 10 kHz
Print

Att 20dB  SWT 295 ms = YBW 30 kHz
| Screen

1AP Clrw

59.20 dBpYy
1.4908 MHz

. : I B3.91 rl!'.ll".-'
b - : - 3 297.9 kHz Dovico

80 depv '{ s : : E : : : Setup

100 dBuv

ALy
T
! i =||. [ !_lm', B g - .
Start 150.0 kHz Stop 80.0 MHz

Marker
Func Install
0 .-Il -“j | |

Printer

Zd1Z318
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Conducted Emissions Example - LISN W
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Line Impedance Stabilization
Network (LISN) *Isolates DUT (device under

test) from Power Source
(typically mains) Noise

From power o0uH < To
source 7 I I | EUT *Provide characteristic
T .
1uF el Receiver or EMC afialyzoi Impedance to DUT (50ohms in
4 (50a) this case)

*Path for Conducted noise from
DUT to Spectrum Analyzer

The 1 pl' in combination with the 50 pll inductor
is the filter that isolates the mains from the EUT.
The 50 uH inductor isolates the noise generated
by the EUT from the mains. The 0.1 uF couples the
noise generated by the EUT to the EMC analyzer
or receiver, At frequencies above 150 kHz, the EUT
signals are presented with a 50-L2 impedance.

)7 Dec 20 10 48
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Conducted Emissions Example — Electrical
Load

Nidcom

="
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49



Conducted Emissions Example — Test Board EVEE:

Nidcom WURTH ELEKTRONIK

- DC/DC Converter

- Input Voltage20V-25V

- Output Voltagel2V/6.25A
- Fsw: 300KHz

Testcondition:
- no load
- max. load 1.5A




Conducted Emissions Example — No Filter —VE—‘*
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"+ 1 win
) TR 1 MHz : ! mM5[1] 59,26 dBpY
100 dBpy : i i 1.4908 MHz
90 dBuv _..‘ L MI1[1] 83,91 dBpV
+ 297.9 kHz
80 deuv—t -
f ‘ ‘
70 dByv—r,4 -
f AT
Lalh] dB.N ¥
> WIJB_M l_-""“'--.. E | i
S 40 dBuv : .
] [ ]
| H i
o 7 mn . |r | _ | t : il L
FCC Class B limit || I IR * |
No Type Dagr| Trc Stimulus Response Func Func.Result

1.4308 MHz




Conducted Emissions Example — Chip Bead E_VEEQ

Nidcom WURTH ELEKTRONIK

Chip Bead 5307 /3A



Conducted Emissions Example — Chip Bead Results —VE—‘*

NVidcomm  —wirm rexmonix

> ESl Levsl 10700 dBuy = EBW 10 kD
n O Oa Arl SOoB BWT 250 e om YR 30 kMe Mode auin Sanep
(= [

1 MHa [TETEN

ML)

L MHz Maf1i] 3026 dapy
14908 MHz

90 dEuy . Mil1] 83.91 dopv
i 979 kM7

100 dBu

]

20 ey

emiced — e
| | p ‘
1 AR + + &
= | | colors |#
| r | i |
L f Coam ang
b I f | 1 i ]
L3 " . i b b vkl " g
|y i |
) I
A didhna il d | BT T T
Btogp 30.0 MHz

Bhart 1500 KHI

80 dopy

70 dépv

il d= A

—
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Conducted Emissions Example — Differential Choke WE—
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Differential Line Choke 220uH



Conducted Emissions Example — Differential Choke Results
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Conducted Emissions Example — Bifilar CMC

CMC 4.7mH Bifilar Winding
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Conducted Emissions Example — Bifilar CMC

Nidcom
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Artikal-Nr. InduktivilsEt
(1uH)
Td427T2121 2R120 0,085 2000 A4G0
T442T2221 2x 220 D.U-S_'E 2230 T80
744272251 24250 0.035 2000 a70
T4d2T2471 2xndra 0,065 14600 1750
T44272102 2% 1000 0,180 Qs0 SEDD
744272929 232200 0,300 750 7500
432 e 2 X 3300 2,360 [0 EU00
T44272302 2+ 2200 0,540 520 600
744272472 2% 4700 0,720 C asn :) 1 20K
744 272 472 ) , )
o Warning: Don’t try this at home!
i For Demonstration Purposes Only!

i

§ o Load is 1.5A

5 100

i And.... CMC

1a
| a1 :
(11§ i 111] Y00 ko 0
. ) Frmger fiegeery [RiHz] . . . .
e 1 3 —m; == zay T CMC 4.7mH Bifilar Winding




Conducted Emissions Example — Bifilar CMC Results
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Conducted Emissions Example — Sector CMC E_Wiﬂa
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CMC 47mH sectional winding
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Conducted Emissions Example — Sector CMC

Einfugedampfung im Frequenzverlauf
70

&0 ¥ Y
//. =
[dB] 50 /-c- — ﬁ‘“\-_
I 40 =] .r""fl ‘\"‘14{.
_.-""Hf -
H_ﬂ..,-‘-'
30 o -
| e -
_____,.-r-""
20 e
i0
0
10 kHz 100 kHz 1 MHz 10
1mH 33 mH BAmH —— 10mH 18 mH 23 mH  —

CMC 47mH Sectional Winding
Leakage Inductance Ls~ 250uH (5% of L)



Conducted Emissions Example — Sector CMC Results
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Conducted Emissions Example - s W/ ==
Conclusions Vidcom  —worm emamonek

High Frequency Noise Appears Under Load
Noise is Differential Mode
Differential Choke

— Attenuates low frequency noise because of SRF
Bifilar CMC

— Does not attenuate because of very low leakage inductance.
Sector CMC

— Attenuates both high and low because of leakage inductance with high SRF.
Chip Bead

— Without a load there is some affect at high frequencies, but with a load the
bead pre-magnetizes and there is no affect at all.
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Transformers for EMC — What to Choose




Transformers for EMC — No Antennas Please! E_Viﬂﬂ

Nidcom WURTH ELEKTRONIK

Enough Said!

i oy, :

Flying Leads Make Great Antennas.
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Estimate Component Losses Nidcom oo

= Efficiency is ~ 75-85% Typical
— 33% Switch
— 57% Output Rectifiers
— 5% Magnetics
— 5% Miscellaneous

So where are your losses?

)7 Dec 20 10

66



Where are the losses ? WE=:

NVidcomm  —wirm rexmonix

50

Environment:

Operating

Conditions
Vin: 22.00 ¥
Ilout: 2.00 &

Oon On Top:

Bottom: 25 oC
25 °oC

Board Conditions

Coupper Weight

1 G2, {(0.03556 mun)
Bnard Orientation:
Component Side Up
Cu Area = #Vias
2.8436 Sq In 0

Air Flow
Direction Yelocity:
of Air
flowe: No Fan

+

|
=}

Edge 4

Ambient Insulated
Temperature

Edge 2
Insulated

uiA

R

J6ed

an3d

v 329C

|t Z.940in 2. Y9mm ) ————————

Edge 3
Insulated

erature Bar Scaling
Click here to recolor your thermal image.

Max Colorbar Temperature 62 loc
Min Colorbar Temperature 32 °c




Losses in transformers and inductors

P —

total ~—

Cu+PFE

Nidcom

="

WURTH ELEKTROMIK

= Copper losses
— DC losses
— AC losses
» Skin Effect
* Proximity Effect
= Core losses
- Hysteresis loss
- Eddy current losses




Practical Formulas for Calculation of T
Temperature Rise ?T for WE-PD,WE-DD widcom ~wim emon

WE-PD Typ ,S" (744778_, 7447789 _); WE-DD ,S*

0,824
AT ;{ P j Piot in (MW) and AT in (°C)

0,226
P.t-::-f. - i
w3 Piat in (MW) and AT in (°C)
= [3,213] i}
WE-PD Typ ,L“ (744771_); WE-DD ,L*:
P 0526
AT = Ao Piot in (mW) and AT in (°C)
[6,321} -

WE-PD Typ ,XL*“ (744770_); WE-DD XL

0,326
Pj.;;n‘ 5 &
AT = : Piet in (MW) and AT in {°C)
[3,045] ~

Example: As calculated:
744 770 147
Ptot=233mW

233
8.045

0,826

=16,1°C

Trilogy of Inductors
Pages 222-223
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Core/Copper Loses & Efficiency

Copper Losses "

an

.
1111 -
._'_,_r B -
o =
|| -]
l]ﬁ ,,.-""_'\L :-'__:d-'_'_,_,_ﬂ— — (F .._‘1 =
/ e e o, el f =Z.2 Jo__
ol = — .t
i L[
H4 = 4
e .
Lo .
._‘_.;;..4 \H\_
.i;.f" s
Hz 7
i

rG
/Z red = 74456168 68uH DCR = 205 m?
" blue = 74456147 47uH DCR = 160 m?
green = 7445620 100uH DCR =290 m?

]f 2 22,2 %,

=

oo

Fi

7B

[

T2

n

i ? [A]



Practical way for core loss calculation P__, VE—‘*
by using |___and ripple current ?1for WE-PD widcom —Wiwm mmon

max

. 1,274
PD Slze XL _,P.:.j:rg el ) 74470 x = ]-2 f{.ﬁﬂHE:l .

| 1,274
PD size L T oo tmil ), AR e el f(,i:sz

. 1,274
PD size M Pcare (mi ) _ 744777 x~ 2 'f[.ﬁ:Hz] .

1,274
PD size S P core (miw ) _ 744778 = 1,0 'f(ksz |

Trilogy of Inductors
Pages 220-221



What more do you need?

TRILOGIE

DER INDUKTIVEN
BAUELEMENTE

APPLIKATIONSHANDBUCH

W
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ung HF-Sennitungan

O erweeiferte wnd eleraediels Ruflage
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Look at our Book:

Chap.1: Basics
keep it simple, stupid

Chap.2: Components
Descriptions, Applications, Simulation
Models and many more

Chap.3: Filter-Circuits
Design, Grounding, Layout, Tips

Chap.4: Applications
Circuit, suggested parts, Layout

Chap.5: Appendices
fromAtoZ
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Transformers for EMC — No External Gaps

4
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Transformers for EMC — No External Gaps “WE—
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(ore

Center Leg Gap Only

Windings Shield

No Gaps in Outer Legs

Nothing to Shield

B A O P P b p iy

W

NM’WW’&W’&W’&W’&W’&W’&W’&W’&W&“-‘*
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Transformers for EMC — No El Core

= El Core Style
= Mylar or Tape Used for Gap
= Three Unshielded Gaps




Nidcom WURTH ELEKTRONIK

Transformers for EMC — Gap

= Gap Must be Perpendicular to Flux Lines

— Here Only One Side is Gapped
= Uneven Gaps Are Inefficient, Why?
— Core Saturates at Minimum Gap. \

— Requires a Larger Gap \
= Also Larger Gap — More Potential EMI




Transformers for EMC - Internal Shields

Shield both Conducted and Radiated
Noise

Copper Foil or Wound Magnet Wire?
Copper Foil Shields — Expensive, Why?
— Must Build Shield
— Must be Cuffed with Tape
— Winding Machine Stopped to Apply

All Shields Take Away from Winding
Area

=

L

k_-'-':l
.._..
= )
)
2
’7 ]

) °

& -

e oy e =
e

Internal

Shield

Nidcom WURTH ELEKTRONIK

|
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Transformers for EMC — External Shields Nidcom e oo

How Do External Shields Differ
from Internal Shields?

Shields Radiated Noise ONLY!
As Expensive as Internal Shields




Transformers for EMC — Multi-layer Primary Nl

Termination Vidcomm  ~ wirm nxmonix
T %
= How does One Terminate a Multi-layer ;’{i P Jo
Primary? I T
= Terminate Start to Switch so Subsequent —
Layer/s Shield High dv/dt Windings from ‘\ &
outside world.

NotePRdiecily Pois on
FinighC tnilisdddkay?

Subsequent
Winding Acts
as Shield

Increasing Voltage V =L di/dt




Transformers for EMC — Y-Cap Termination
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¢ I-{ ﬁ ii
T

51

Noise Couples Through the Transformer via C,,

Y-Cap Across Transformer Reduces Noise

Noise Seeks Path to Primary Circuit What Can We Do’)

Without Path, Noise May Become Conducted Emissions

Tune the Capacitor for Optimum Loss vs. Noise Reduction "
Capacitor Usually in the 2.2nF to 4.7nF range Decrease CWW :

Y-Caps to Transformer Terminals not on Switch nor on
Diode

Close to Transformer as Possible What Else Can We DO?




Transformers for EMC — No Varnish or Potting
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Transformers for EMC - Small Designs 5w£$:

Nidcom WURTH ELEKTRONIK

Why Build Smaller Designs?

Build Smaller More Compact
Transformers

Smaller Transformers have less
Parasitics

— Less Capacitance
— Smaller Leads (ie. Smaller Antennas)
— Smaller Gaps
— Less Leakage Inductance
Less Conducted and Less Radiated Noise




Transformers for EMC — Power Supply EVE$:
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Current Compensated 2 Y-Cap
ansformg

JRber




Transformers for EMC — Schematic
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Transformers for EMC — Example 1

Fegeal [dBuV]
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'EMC- Test Fdiled
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*Without Current
Compensated Choke

‘With Adjusted Snubber
‘Without Adjusted Y-Cap

Peak
Avg.
Peak



Transformers for EMC — Example 2

Feqgel [dBuV]
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NVidcomm  —wirm rexmonix

*With Current
Compensated Choke

‘With Adjusted Snubber
‘Without Adjusted Y-Cap

Peak
Avg.
Peak
Avg.



Transformers for EMC — Example 3

Fegel [dBuV]
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*With Current
Compensated Choke

‘With Adjusted Snubber
‘With Adjusted Y-Cap

Peak
Avg.
Peak
Avg.



Transformers for EMC — Example 4 —VE_‘*
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Fegsl [dBuY]
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Transformer for EMC - Conclusion for this ﬁ
Supply NVidcomm  —wirm rexmonix

= Necessary to Pass

— Current Compensated
Choke

— Y-Caps
= Not Necessary to Pass
— Optimized Snubber
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Inductor Selector Guide N
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What more do you need?
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Look at our Book:

Chap.1: Basics
keep it simple, stupid

Chap.2: Components
Descriptions, Applications, Simulation
Models and many more

Chap.3: Filter-Circuits
Design, Grounding, Layout, Tips

Chap.4: Applications
Circuit, suggested parts, Layout

Chap.5: Appendices
fromAtoZ
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Any Questions?




Thank you from —
the Wurth Electronics Midcom East Coast —VE =0
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Brian Wiese

Josh Shakeridge Shereen Abeid Doug Toth

Dave Tompklns
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