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▪ Boost converter Topology 
▪ Boost Converter Demo Board
▪ Practical Boost Example
▪ Bad Design Practice

▪ Improvement of Noise Rejection/Reduction
▪ Selection of different capacitors
▪ REDEXPERT
▪ LT SPICE

▪ Practical Boost Example
▪ Good Design Practice
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BOOST CONVERTER 
TOPOLOGY
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Noise sources with the Boost Converter

Critical Loop

Hot Node

WE eiSos
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Noise sources with the Boost Converter

„HOT NODE“
High dV/dt

EMI Overview

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Source of Differential Mode Source of Common Mode 

High dI/dt

𝑈𝐷𝑀 = 𝐿𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑖𝑐 ∙
𝑑𝐼

𝑑𝑡
𝐼𝐶𝑀 = 𝐶𝑝𝑎𝑟𝑎𝑠𝑖𝑡𝑖𝑐 ∙

𝑑𝑉

𝑑𝑡

Source/LISN
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Parasitic Boost Model
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BOOST CONVERTER 
DEMO BOARD
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Objective of the Good and Bad Layout

• Single Point PGND vs. big PGND Loop

• Correct vs. Wrong Capacitor Position

• Same Semiconductors, different Passives

• Shielded Choke vs. Unshielded Choke

• Alu-Electrolyte vs. Polymer Caps

• Filter @ I/Os vs. No Filter at all

• Ferrite in the Power Loop of a DCDC

Keypoints

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Good Design

Bad Design
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PCB Overview

EXTERNAL | M ALALAMI | 17TH JAN 2025

TP18
TP13

TP16

TP18

TP12 TP14

TP7
TP5

TP8
TP11

TP9 TP4
TP6TP10

TP17 TP3

Overview Testpoints

PRACTICAL CAPACITOR SELECTION

Testpoints “BAD” Design:
TP12 to TP15 is voltage over Cin

TP14 to TP16 is voltage over Cout

TP18 is GND
TP13 is switch node voltge

Testpoints “GOOD DESIGN”:
• TP11 to TP8 is Input voltage after EMI filter
• TP5 to TP7 is output voltage after EMI filter
• TP9 is input voltage between CMC and LC filter
• TP10 to TP17 is voltage over Cin

• TP3 is switch node Voltage
• TP4 to TP6 is voltage over Cout
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Setup

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

DM / CM Splitter

5µH LISN

19Vin max.

Oscilloscope
with FFT

24Vout/0.5A 
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Setup

PRACTICAL CAPACITOR SELECTION
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50µH LISN
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PRACTICAL BOOST 
EXAMPLE

BAD Design Practice

PRACTICAL CAPACITOR SELECTION
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Practical Example: Bad Design Practice - Schematic
19V → 24V/0,5A

High 
∆I/∆t

High 
∆V/∆t

PRACTICAL CAPACITOR SELECTION
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Practical Example
Bad Design Practice - Layout

CinCout

ChokeDiode

FET
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PCB Layout - Bad Design
Placement of decoupling capacitors

CinCout

PRACTICAL CAPACITOR SELECTION
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PCB Layout - Bad Design
Trace below Power Inductor

CinCout

Choke

PRACTICAL CAPACITOR SELECTION
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Time Domain Measurements

Bad Design Vin Ripple/Noise:  710mVpp Bad Design Vout Ripple/Noise:  9720mVpp

Bad Design Practice: Ripple Measurement W/O Filtering

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Test 
Point 12

Test 
Point 14
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CISPR32 Conducted Emissions – Input W/O Filtering

PRACTICAL CAPACITOR SELECTION

Bad Design Practice: EMC Test Lab

EXTERNAL | M ALALAMI | 17TH JAN 2025

72dBµV

46dBµV
26dB
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IMPROVEMENT OF 
NOISE 
REJECTION/REDUCTION

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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1. Selection of Different Capacitors

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

XC
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1. Selection of Different Capacitors
Ripple current

▪ Aluminum Electrolytic Capacitors
▪ Ripple current can be critical, shortening of lifetime, and 
▪ For too high ripple explosive failure -> blown vent and 

electrolyte leakage

▪ Ceramic Capacitors 
▪ Lowest ESR /mostly have no ripple current limitation 

▪ Film capacitors 
▪ Low ESR, but ripple current can cause damage

Cout
D

L

VOutVD

IoutIL

IC

Resr
∆𝑉𝑒𝑠𝑟

∆𝑉𝐶

CESL ESR

Downloads: 455

Downloads: 455

Downloads: 455
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http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
http://www.freegifs.de/download.php?image=rauch/rauch00002.gif&host=1&id=8669
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1. Selection of Different Capacitors:

▪ Polymer- Electrolytic-Capacitor:
– smaller ESR as an Alu-Cap   >> higher allowed 

ripple current 
– No dry-out behavior like Alu-Cap (solid electrolytic)
– higher expected lifetime / load life

 

▪ Aluminum- Electrolytic-Capacitor
– higher voltage ratings available 

– is currently cheaper ( same capacity and 
voltage rating)

Voltage

Price

Lifetime

ESR

Ripple current

No Dry Out

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Polymer Vs Electrolytic - Comparison
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1. Selection of Different Capacitors:
Polymer Vs Electrolytic - Load life calculation

1000

10000

100000

1000000

10000000

40 50 60 70 80 90 100 110 120 130

Lifetime of Würth Elektronik Capacitors 
PSLC

ASLI

ASNP

AS5H

ASLU

Lifetime 
(hours)

Polymer

105°C_2000H

Electrolytic

105°C_2000H

Electrolytic

85°C_2000H

Electrolytic

105°C_5000H

Electrolytic

85°C_1000H

Component Temperature (°C)

1* year

5* years

*: 8 hours per day
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EXTERNAL | M ALALAMI | 17TH JAN 2025



25

1. Selection of Different Capacitors
MLCC Voltage Dependence
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1. Selection of Different Capacitors 
False Economy

EXTERNAL | M ALALAMI | 17TH JAN 2025
PRACTICAL CAPACITOR SELECTION
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1. Selection of Different Capacitors
SELECTION TOOL - REDEXPERT

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

▪ Jochen Baier
▪ 2015-06-11

https://redexpert.we-online.com/we-redexpert/en/#/home
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1. Selection of Different Capacitors
False Economy https://we-online.com/re/5gQ4Xc8g

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

https://we-online.com/re/5gQ4Xc8g
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1. Selection of Different Capacitors
Polymer Option https://we-online.com/re/5tqb85rx 

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

https://we-online.com/re/5tqb85rx
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Input capacitor - Bad Design
Redexpert Alu Cap 865060557008 Selection for Fsw 600kHz

220µF  Z = 98mΩ &   ESR = 93mΩ @   600kHz

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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Conducted EMI Calculation with 220µF Elko Cin - Bad Design

Limit CISPR32 Class B is 46dBµV → approx. 33dB attenuation is necessary

Triangular approximation (differentail mode only):

𝐷 =
𝑈𝑜𝑢𝑡 − 𝑈𝑖𝑛 + 𝑈𝑑

𝑈𝑜𝑢𝑡 + 𝑈𝑑
=
24𝑉 − 19𝑉 + 0,5𝑉

24𝑉 + 0,5𝑉
= 0,224

∆𝐼 =
𝑈𝑖𝑛

𝐿 ∙ 𝑓𝑠𝑤
∙ 𝐷 =

19𝑉

33µ𝐻 ∙ 600𝑘𝐻𝑧
∙ 0,224 = 0,21𝐴

𝐼𝑐𝑖𝑛 600𝑘𝐻𝑧 =
∆𝐼

2 ∙ 𝜋2 ∙ 𝐷 ∙ (1 − 𝐷)
∙ sin 𝜋 ∙ 𝐷 =

0,21𝐴

2 ∙ 𝜋2 ∙ 0,224 ∙ 1 − 0,224
∙ sin 𝜋 ∙ 0,224 = 56𝑚𝐴

𝑈𝑐𝑖𝑛(600𝑘𝐻𝑧) = 𝑍𝑐𝑖𝑛(600𝑘𝐻𝑧) ∙ 𝐼𝑐𝑖𝑛 600𝑘𝐻𝑧 = 98𝑚Ω ∙ 56𝑚𝐴 = 5,49𝑚𝑉

5,49𝑚𝑉 → 20 log
5,49𝑚𝑉

1µ𝑉
= 74,8𝑑𝐵µ𝑉 − 6𝑑𝐵 𝐿𝐼𝑆𝑁 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐷𝑖𝑣𝑖𝑑𝑒𝑟 = 68,8𝑑𝐵µ𝑉

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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1. Selection of Different Capacitors
Different Input Capacitors – Apples with Apples https://we-online.com/re/5tqwklNS 

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Input capacitor alu: 865060440001 (10µ/25V WCAP-ASLL)
Input capacitor polymer: 875105544001 (10µ/25V WCAP-PSLP)

Input capacitor MLCC: 885012209028 (10µ/25V 1210)

https://we-online.com/re/5tqxBfbE 

https://we-online.com/re/5tqwklNS
https://we-online.com/re/5tqxBfbE
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1. Selection of Different Capacitors
Practical Design Example Improvements 
Ripple Measurement - Different Input Capacitors

▪ Aluminum 10µF/25V ~1.9 Ohm
▪ voltage ripple: 974mVpp

▪ Polymer 10µF/25V ~20mOhm
▪ voltage ripple: 281mVpp

▪ MLCC 1210 10µF/25V ~2mOhm
▪ Voltage ripple: 218mVpp

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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LT Spice Simulations 
LT Spice Models 

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

https://www.we-online.com/en/components/products/WCAP-CSGP-25VDC
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LT Spice Simulations - PI filter example
Better board realization with 3 Vias

EXTERNAL | M ALALAMI | 17TH JAN 2025
PRACTICAL CAPACITOR SELECTION



36

LT Spice Simulations - PI filter example
Impact of voltage- and current biasing

EXTERNAL | M ALALAMI | 17TH JAN 2025
PRACTICAL CAPACITOR SELECTION
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LT Spice Simulations - PI filter example
Simulation results

EXTERNAL | M ALALAMI | 17TH JAN 2025
PRACTICAL CAPACITOR SELECTION

-57dB

-82dB
25dB
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CM and DM Filtering
2. Filtering of Input and Output

Vout 15W

1

2
K4

101 2pin

7448011305
WE-CMBNC XS

1 2

3 4L5

5mH/1.3A

74404054150
WE-LQS

L2

15uH

865060340001
WCAP-ASLL

C4

10uF/16V

Vin

1

2

K3

101 2pin

744273501
WE-SL5 HC

1 2

3 4
L3

5uH/5A

74404054150
WE-LQS

L4

15uH

865060340001
WCAP-ASLL

C3

10uF/16V

GND GND GNDGND

Boost converter
Boost DCDC_Bad.SchDoc

PRACTICAL CAPACITOR SELECTION
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PRACTICAL BOOST 
EXAMPLE

Good Design Practice

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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Schematic Good Design
19V → 24V/0,5A

High 
∆I/∆t

High 
∆V/∆t

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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PCB Layout Good Design

CoutCin

DiodeChoke

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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Input capacitor - Good Design
Redexpert Polymer Cap 875105645005 Selection for Fsw 600kHz

47µF   Z = 14mΩ &   ESR = 13mΩ @   600kHz

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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Conducted EMI Calculation with 47µF Polymer Cin

Limit CISPR32 Class B is 46dBµV → approx. 16dB attenuation is necessary

Triangular approximation (differential mode only):

𝐷 =
𝑈𝑜𝑢𝑡 − 𝑈𝑖𝑛 + 𝑈𝑑

𝑈𝑜𝑢𝑡 + 𝑈𝑑
=
24𝑉 − 19𝑉 + 0,5𝑉

24𝑉 + 0,5𝑉
= 0,224

∆𝐼 =
𝑈𝑖𝑛

𝐿 ∙ 𝑓𝑠𝑤
∙ 𝐷 =

19𝑉

33µ𝐻 ∙ 600𝑘𝐻𝑧
∙ 0,224 = 0,21𝐴

𝐼𝑐𝑖𝑛 600𝑘𝐻𝑧 =
∆𝐼

2 ∙ 𝜋2 ∙ 𝐷 ∙ (1 − 𝐷)
∙ sin 𝜋 ∙ 𝐷 =

0,21𝐴

2 ∙ 𝜋2 ∙ 0,224 ∙ 1 − 0,224
∙ sin 𝜋 ∙ 0,224 = 56𝑚𝐴

𝑈𝑐𝑖𝑛(600𝑘𝐻𝑧) = 𝑍𝑐𝑖𝑛(600𝑘𝐻𝑧) ∙ 𝐼𝑐𝑖𝑛 600𝑘𝐻𝑧 = 14𝑚Ω ∙ 56𝑚𝐴 = 784µ𝑉

784µ𝑉 → 20 log
784µ𝑉

1µ𝑉
= 57,9𝑑𝐵µ𝑉 − 6𝑑𝐵 𝐿𝐼𝑆𝑁 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐷𝑖𝑣𝑖𝑑𝑒𝑟 = 51,9𝑑𝐵µ𝑉

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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Good Design Practice:

Good Design Vin Ripple/Noise:  66.2mVpp Good Design Vout Ripple/Noise:  108.4mVpp

Ripple Measurement - Without input and output Filtering

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Test 
Point 5

Test 
Point 11
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Good Design Practice:

Good Design Vin Ripple/Noise:  6mVpp Good Design Vout Ripple/Noise:  13mVpp

Ripple Measurement - With input and output Filtering

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025

Test 
Point 5

Test 
Point 11
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CISPR32 Conducted Emission – With input Filtering

PRACTICAL CAPACITOR SELECTION

Good Design Practice: EMC Test Lab

EXTERNAL | M ALALAMI | 17TH JAN 2025
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Any Questions

PRACTICAL CAPACITOR SELECTION
EXTERNAL | M ALALAMI | 17TH JAN 2025
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