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INTRODUCTION AND THEORETICAL BACKGROUND

Transients — Root Cause

What is a “transient”?
“Transient over voltages can be defined as short-term deviations from a nominal voltage value, which

exceeds the permissible tolerance range of the nominal voltage in an electrical system.”
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INTRODUCTION AND THEORETICAL BACKGROUND

Transients — Root Cause

What is a “transient”?
“Transient over voltages can be defined as short-term deviations from a nominal voltage value, which

exceeds the permissible tolerance range of the nominal voltage in an electrical system.”

Effects?

“The effects of the transient over voltages are mostly destructive.”
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INTRODUCTION AND THEORETICAL BACKGROUND

Typical industrial environments for DC/DC power modules
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INTRODUCTION AND THEORETICAL BACKGROUND
EMC Filter Concept for DC/DC Power Modules

DCBus ] .
PTAT Filter Concept for EMC Compliance

DC/DC
Power Module
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INTRODUCTION AND THEORETICAL BACKGROUND
EMC Filter Concept for DC/DC Power Modules
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INTRODUCTION AND THEORETICAL BACKGROUND
EMC Filter Concept for DC/DC Power Modules
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—> 2 stage concept for transient suppression
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INTRODUCTION AND THEORETICAL BACKGROUND
EMC Filter Concept for DC/DC Power Modules

DCBus ] _ I
24\ I Filter Concept for EMC Compliance
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IEmission Filter
—> LC Filter for emission reduction

- ANSO018 | EMI Filter Design for Non-lIsolated DC/DC Converters

—> 2 stage concept for transient suppression
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Required Parameters for Calculation

272? L,
o LYY, o
N +
Parameters: D, /A Cii==
= Ve supply voltage for the power module O . . o)

= /g voltage where 1 mA of current is flowing through the TVS diode
= lpgax: Max. peak current flowing through the TVS diode @ Ve avp max
= Ppse: maximum dissipated power for the TVS diode

= Veamp max: Voltage where the diode carries the Ipgpy
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Required Parameters for Calculation

22?7 L,
O — - YYY\_ 'e)
U +
Parameters: D: A\ C=
—_) = V¢ supply voltage for the power module 0O : . O
=3 = \/;.:voltage where 1 mA of current is flowing through the TVS diode

" |oea Mmax. peak current flowing through the TVS diode @ Veiamp max
= Ppse: maximum dissipated power for the TVS diode

=P = Vaup uax Voltage where the diode carries the lpgay
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IMMUNITY FILTER DESIGN LIMITS
DC/DC Power Module

Description:
= Voyur=5V

= lour=TA

= S|P-3 package

= Replacement for L78x Linear regulators (no cooling required)

ale

= Ambient temperature 85°C

= QOptions
> Fixed Soft Start
» Fixed switching frequency

EMI compliant (with additional input filter)
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Determination of V.

Voltage
rail

Industrial input voltage range 24\Vdc

19.2 30.0

e EEEEE—

Voltage range in Volt

Determination of Vj:
- 30 Vdc
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IMMUNITY FILTER DESIGN LIMITS
Immunity Filter Stage One - Selection of the TVS diode

Based on the available parts in the product portfolio of Wiirth Elektronik

Products

All DO-214AC 400W Unidirectional

DO-214AB 1500W Bidirectional DO-214AB 3000W Unidirectional DO-214AB 3000W Bidirectional

DO-214AC 400W Bidirectional DO-214AA 600W Unidirectional

DO-214AA 600W Bidirectional

I:"I:Iiss

DO-214AB 1500W Unidirectional

. Data- . - Vpc . | Ver o | lpeak a
Order Code — Downloads Status — Technical Reference e ) — ") = W)

824550301

SPEC 7FILES Active i SMDJ30A 30

35.05 62

3000

48.4
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Determination of Vgg

Datasheet screenshot “Electrical Properties” TVS diode 824550301:

Electrical Properties:

Properties Test conditions Value Unit | Tol.
DC Operating Voltage Voo 30 V | max.
> | (Reverse) Breakdown Voltage Var |1 mA 35.05 V[ 5% || —
Clamping Voltage Vetamp | lpeak 48.4 V| max.
(Reverse) Peak Pulse Current lpagi | 10/1000 ps 62 A | max.
(Forward) Peak Pulse Current V) | Ip.q 300 A | max.
Leakage Current heak | Voo 2 pA | max.
Steady State Power Dissipation | Pp., [ T4,=90°C 6.5 W | max.
Power Dissipation 2 Ppiss | 10/1000 ps 3000 W | max.

Polarity Unidirectional
1) 8.3 ms single half-sine wave or equivalent square wave. Duty cycle = 4 pulses per minute
2) Mounted on 5.0 mm x 5.0 mm (0.03 mm thick) Copper Pads to each terminal
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Determination of Ve pyp vax

Datasheet screenshot “Electrical Properties” TVS diode 824550301:

Electrical Properties:
Properties Test conditions Value Unit | Tol.
DC Operating Voltage Voo 30 V | max.
(Reverse) Breakdown Voltage Ve |1 mA 35.05 V | +5%

> | Clamping Voltage Voiamp | peak 48.4 V| max, || —

(Reverse) Peak Pulse Current lpagi | 10/1000 ps 62 A | max.
(Forward) Peak Pulse Current V) | Ip.q 300 A | max.
Leakage Current heak | Voo 2 pA | max.
Steady State Power Dissipation | Pp., [ T4,=90°C 6.5 W | max.
Power Dissipation 2 Ppiss | 10/1000 ps 3000 W | max.
Polarity Unidirectional

1) 8.3 ms single half-sine wave or equivalent square wave. Duty cycle = 4 pulses per minute

2) Mounted on 5.0 mm x 5.0 mm (0.03 mm thick) Copper Pads to each terminal
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage One - Determination of V¢ pyp max With Temperature Correction

Equation for temperature influence on V¢ yip_ wax (Tj):
VCLAMP_MAX (Tj) =VeLamp_max(25°0) - (1 +oT - (Tj - 25°C))
VeLamp_MAx(25°0) =48.4V

oT = temperature coefficient (9.9 - 10~* %)

Tj = junction temperature (55°C)
1
VeLamp_max (55°C) = 48.4°C (1 +9.9-107* 5= (55°C - 25°C)>

VCLAMP_MAX(SSOC) =49.84 '\

—> This value will be now the starting point for the dimensioning of the second stage of the immunity filter.

1 7 | OVERVOLTAGE PROTECTION FOR SAFE OPERATION - TRANSIENT PROTECTION FOR NON-ISOLATED DC/DC POWER MODULES

TIMUR ULUDAG | 23.10.2025



IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage Two
@ ?27?
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IMMUNITY FILTER DESIGN LIMITS
Immunity Filter Stage Two — Required Damping

Immunity - LC - Filter: Estimation of required filter attenuation:

L
O—IYYY 4 O

v
G = 20~log< S )

VcLaMp MAX

Vciamp_max VVpm_max

G .=
v \ 4
O

1 9 | OVERVOLTAGE PROTECTION FOR SAFE OPERATION - TRANSIENT PROTECTION FOR NON-ISOLATED DC/DC POWER MODULES

TIMUR ULUDAG | 23.10.2025



IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage Two — Required Damping

Immunity - LC - Filter:
Table 5: Absolute maximum ratings.

SYMBOL PARAMETER aldell UNIT
MIn‘! mAax
VIN Input pin voltage -0.3 ']
vouT Output pin voltage -0.3 2 Vv
Tstorage Assembled, non-operating storage temperature =40 125\ *C
W peg ESD Voltage (Human Body Model), according to ENG61000-4-2 ! A 4 \ kv
G=20- 10g< “p_uAX ) v (55°C) =49.84 V v = 44 \/
CLAMP MAX CLAMP_MAX - PM_MAX
44V Required filter attenuation:
G=20-lo ( )
5\29.84V G = —1.08dB
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage Two — Equation

Immunity - LC - Filter + Power Module: Estimation of required filter attenuation:
Vv Vo s
_>L G=20- Iog< _\r}mse )
—————————————— Cl
Ly || . I
I || | ]
| + | | |
Va (t) | Cr = | |C|N — Rewm [] | Vnoise Vhoise _ Ycf 1+ Ycint YRPM
\
| || | a5, ( 1 )
| |G — | LA\ Yer_ 1+ Yein* Yrem
Immunity Power Module +
Filter Input Capacitor
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage Two — Equation for C;

Immunity - LC — Filter + LC-Emission Filter + Power Module: With additional emission filter the equation is:
1
V. Vi e G L
_  m—— 10 f_|
A R~ T\ T\ R
_|_/YW\ C = - C +C
| Le : : Lt ¢ : | | f_l 002.|_]c | ( In f_E)
+ i ey i 1 |
Ve C—): Cf-'__: : e : |Cn == Rem [] | | Vo5t Needed values:
| 'l 3 : G=-1.08dB [L;; = 12pH|]  Rpy = 1010
e e ® = 1kHz Cin = 2x4.7uF  Cgp = 2x4.74F
Immunity Emission Power Module + )
Filter Filter Input Capacitor
5 1
—1.08dB )
1- (10 10 —(’IkHz-ig—L{g) )
Ce = —(2 - 4.7uF+2 - 4.7uF) =[218pF
£l 1KHZ2-12pH
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IMMUNITY FILTER DESIGN LIMITS
Immunity Filter Stage Two — Graphical Approach
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IMMUNITY FILTER DESIGN LIMITS
Immunity Filter Stage Two — Graphical Approach
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IMMUNITY FILTER DESIGN LIMITS

Immunity Filter Stage Two — C; ; Comparison

Ambient temperature |V Filter capacitor

Clamb max

25 °C 48.4\/ 178 pF

55°C 49.84 \/ 218 puF

Difference between 25°C and 55°C, C; |value = 22%

-> Without consideration of the temperature transient filter would not damp enough
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IMMUNITY FILTER DESIGN LIMITS
EMC Filter Concept — Two Stage Concept Design + Emission Filter

Immunity Filter Emission Filter

| .
o L o
. E ; n—y —o | " o]
Vin= 24V : : D1 G = i i Ce= i i powZEll\El)gdule
T S AR N
| LD —_—_ | ————_—_—_—__—___ Ly
ng'_ Description Qty. | Order Code
D1 | WE-TVSP Power TVS Diode VDC=30VVBR=35.05VI|Peak=62AV Clamp=484V | 1 |824550301
L, |WE-PD2 SMT Power Inductor 12 yH /IR =2.72 A; Isat = 3.15 A 1 | 744776112
Cs, | WCAP-ATGS8 Aluminium Electrolytic Capacitors THT Radial; 220 pF /63 V 1 860010775018
Ci ¢ | WCAP-CSGP General Purpose MLCC 4.7 pF/50V X5R, 1210 2 885012209048
Li ¢ [ WE-PD2 SMT Power Inductor 4.7 pH, PD2 family, ISAT = 2.46 A, IR=1.82 A 1 | 744773047
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SERVICE & SUPPORT

Contacts Support Hotline

Contacts BDM

Steffen.Wolf@we-online.de Dimitri.Kozlov@we-online.de

/

Martin Sittner Kaveri.Onkar@we-online.de Arndt.Schmidt@we-online.de

* ADM trainings
Q v * ADM basic technical support
* ADM pricing and lead time support

Design-In Support EMC Filter Design Support * Customer trainings/seminars

Roland Kratz

wpme-support@we-online.com

* Visit focus customers

Q & * Business tracking / reports

+ Sales app (define and provide content)

Layout Review Support  Thermal Design Support + Sales tools (Product Overview, Show Boards)
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