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 DC-Link Applications
• General Overview
• 25 kW DC Charger (onsemi)

 DC-Link Capacitors
• Film Capacitors
• Aluminum Electrolytic Capacitors
• Comparism
• Approaches for the capacitance value
• Maximum Capacitor ripple current at a specific 

frequency and temperature
 Other important selection criteria

AGENDA
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3-Phase 
Motor

DC-LINK APPLICATIONS
DC-Link Capacitors

 DC-Link in mains voltage powered motor drive
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DC-LinkRectifier Inverter

DC-Link Film Capacitors

Multilayer Chip Capacitors
(only high frequency)

New Series WCAP-FTDB

3-Phase 
AC Mains

Alum. Electrolytic Capacitors
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DC-LINK APPLICATIONS
DC-Link Capacitor Applications
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On-Board Chargers (OBC)

Solar Inverter

High-Performance 
Power Supplies

UPS / Backup Inverters

EV-Chargers

Motor Drive

Renewable Energies
Electro Mobility

PFC Circuits
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DC-LINK APPLICATIONS
Onsemi Reference Design - 25 kW Fast DC Bidirectional Charger incl. PFC
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© ON Semiconductor Corporation
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DC-LINK APPLICATIONS
Onsemi Reference Design - 25 kW Fast DC Bidirectional Charger incl. PFC
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© ON Semiconductor Corporation © ON Semiconductor Corporation

3-Phase Rectifier + PFC Bidirectional DC-DC – Dual Active Bridge (DAB)

WCAP-FTDB
890724429010CS

75 µF - 900 V

WCAP-FTDB
890734429007CS

50 µF - 1100 V

Output 
3x

Primary 
2x

Secondary 
2x
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DC-LINK CAPACITORS
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Film Capacitors - Construction
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DC-LINK CAPACITORS

Würth Elektronik WCAP-FTDB DC-Link Series 

 Boxed THT - MKP Film Capacitors
 Capacitance: 1 µF up to 75 µF
 Voltage: 500 VDC up to 1200 VDC
 MKP: Polypropylene metallized film
 24x Standard part numbers in catalogue and ex-stock
 Temperature: -40°C up to 105°C
 Pitch / Pin distance: 27.5, 37.5 and 52.5 mm
 High ripple current capability
 Self-healing properties
 Very long expected load life

Film Capacitors - new series WCAP-FTDB
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DC-LINK CAPACITORS
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Film Capacitors - Construction and Selfhealing

 Construction

Metallization

Dielectric

Area of high 
current density

Metallization is
vaporized
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DC-LINK CAPACITORS
Film Capacitors - Rated current derating
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Max. voltage
defined at 85°C

Max. current
defined at 70°C
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DC-LINK CAPACITORS

 Aging depends on voltage and temperature

 High air humidity will always accelerate the 
degradation of the metallized film

 MKP Film Capacitor Aging
 Capacitance drop
 ESR / tan δ increase
 Leakage current increase

 Combination of C drop and ESR rise may increase self 
heating and accelerate aging

Film Capacitors - Lifetime and Voltage (de)rating
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DC-LINK CAPACITORS
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 Construction of an Aluminum Electrolytic Capacitor:

Separator Paper with Liquid Electrolyte

DC-LINK CAPACITORS FOR DC-CHARGER APPLICATIONS

Aluminum Electrolytic Capacitors
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DC-LINK CAPACITORS
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DC-LINK CAPACITORS FOR DC-CHARGER APPLICATIONS

Aluminum Electrolytic Capacitors – Inner Structure
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DC-LINK CAPACITORS
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Aluminum Electrolytic Capacitors – Lifetime Calculation with WE

 Arrhenius [4]:

 𝐿𝐴𝑙. = 𝐿02
𝑇𝑀𝑎𝑥− 𝑇𝑥+Δ𝑇

10
𝑉𝑟

𝑉𝑚𝑎𝑥

𝑉𝑥

 Temperature influences the lifetime:
 Ambient temperature
 Ripple current and frequency

 Applied Voltage
 Consult us

 Specific Mission Profiles
 Samples with Temperature Sensor (Only for special Projects)
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DC-LINK CAPACITORS

 High RMS current capabilities 
 Several ARMS per μF

 Rated voltages up to 1,200 V
 No liquid inside
 Long storage and load life
 Self-healing properties

 High capacitance values
 Highest capacitance per volume unit (µF / mm³)
 Highest capacitance per dollar (µF / $)

 Relatively high ESR internal resistance
 Depends on the part 1 mA/µF…20 mA/µF or higher

 Rated voltages up to 650 V
 Series connection possible for higher voltage level

Film DC Link Capacitor Aluminum Electrolytic Capacitor

Film vs. Aluminum DC Link Technology
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DC-LINK CAPACITORS

 Design requirements
 VDC Bus voltage
 Rated power
 Switching frequency

 Other design parameters or constraints
 Load/Motor inductance
 Voltage ripple VRMS
 Current ripple IRMS
 Total capacitance
 Expected load life
 Size
 …

Design criteria different for each technology
Calculation – DC-Link film vs Aluminum Electrolytic Capacitor
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For the same 
Space & Cost

High IRMS
Low C

High C
Low IRMS

Result
High Lifetime Low voltage ripple VRMS

High VRMS
Start-up Issues?
Safety Issues?

Film Capacitors Alum. Electrolyte
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DC-LINK CAPACITORS

Formula (20) 

𝑃𝑳𝒐𝒂𝒅

12𝑓𝒈𝒓𝒊𝒅(𝑽𝒅𝒄
2 − 𝑽𝒅𝒄 − 𝑽𝒅𝒄,𝑝𝑝

2
)

(21)

𝑃𝐿𝒐𝒂𝒅
240𝑽𝒅𝒄,𝑝𝑝𝑽𝒑𝒉 𝑓𝒈𝒓𝒊𝒅

(22)

𝐼𝑑,𝑝𝑝
2𝜋𝑓𝑑𝑽𝒅𝒄,𝑝𝑝

(23)

𝑽𝒅𝒄

32𝐿𝑁𝑽𝒅𝒄,𝑝𝑝𝑓𝑝𝑤𝑚
2

𝑪𝒅𝒄−𝑳𝒊𝒏𝒌,𝒎𝒊𝒏[µF] 3,271.56 1,132.24 76.67 22.77
Reference [1] [2] [2] [3]

Approaches for the Capacitance value
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 Impedance based Design
 Other design requirements may leed to higher C-value

 C-Value depends strongly on the load!
 Fault-ride-through
 Higher capacitance may be required for storage of regenerated energy Only for reference!
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DC-LINK CAPACITORS
Approaches for the Capacitance value
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𝑪𝒅𝒄−𝑳𝒊𝒏𝒌 ≥
𝐼𝑑,𝑝𝑝

2𝜋𝑓𝑑𝑉𝑑𝑐,𝑝𝑝

Only for reference!

Formula
Formula
Formula
Formula

𝑽
𝒅
𝒄

𝑽
𝒅
𝒄

Formula
Formula
Formula
Formula
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DC-LINK CAPACITORS

 Calculation of the DC-Link Capacitance

Approaches for the Capacitance value
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𝑽
𝒅
𝒄

𝑽
𝒅
𝒄

Only for reference!

 Calculation of the Capacitance values for different 
Frequencies
 Vienna Rectifier
 Constant Load!
 Reduction of the Inductance value for each

Frequency
 Calculation of the Capacitance value by:

 𝑪𝒅𝒄−𝑳𝒊𝒏𝒌 ≥
𝐼𝑑,𝑝𝑝

2𝜋𝑓𝑑𝑉𝑑𝑐,𝑝𝑝

 Target: 1% Voltage Ripple
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DC-LINK CAPACITORS
Determining the maximum Capacitor ripple current at a specific frequency and temperature
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DC-LINK CAPACITORS

 Use case
 23 Arms @ 10 kHz @ 65 °C

 1st Step
 Filter for mechanical Dimensions, etc.

 2nd Step
 Enter the Frequency

Determining the maximum Capacitor ripple current at a specific frequency and temperature
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DC-LINK CAPACITORS

 Use case
 23 Arms @ 10 kHz @ 65 °C

 3rd Step
 Enter the Temperature

Determining the maximum Capacitor ripple current at a specific frequency and temperature
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DC-LINK CAPACITORS

 Use case
 23 Arms @ 10 kHz @ 65 °C

 4th Step
 Filter your parts and check the lifetime!

Determining the maximum Capacitor ripple current at a specific frequency and temperature
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DC-LINK CAPACITORS

 Example
 23 Arms @ 10 kHz @ 65 °C
 Min. 76 µF @ End of Life
 Required Vr = 880 V in total 
 Min. 10 years Life Expectancy
 Only Standard parts
 Selected solutions for Alum. Electrolytic and Film Capacitors by volume

Bank Design Example
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PN C [µF] Ctotal [µF] Series x parallel Volume [l] ESRtotal @ 10 kHz [mΩ] ≈ 𝑷𝑳𝒐𝒔𝒔[W]

861141485033 470 940 2 x 4 = 8 0.253 l 47.4 25.1

890724429005CS 50 100 1 x 2 = 2 0.209 l 1.3 0.7

Only for reference!



25

OTHER IMPORTANT SELECTION CRITERIA
Ripple Voltage
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OTHER IMPORTANT SELECTION CRITERIA
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 Aging over Lifetime
 C-Value
 ESR
 DF

 Series Connection
 Overdimensioning of the rated voltage is neccessary
 Balancing is required

 Consult us!
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DC-LINK CAPACITOR: SPECIFICATION AND APPLICATION

 Power converters
 Renewable Energy
 Onsemi Reference Design - 25 kW 

Fast DC Bidirectional Charger incl. 
PFC

 Capacitance Estimation
 Bank Calculation
 Other important selection criteria

Applications Capacitor Bank
Summary
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 Film Capacitors
 Electrolytic Capacitors
 Lifetime
 Selection
 Comparism

DC-Link Capacitors
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webinarteam@we-online.com
Lukas.Hoelscher@we-online.com 

We are here for you now! 
Ask us directly via our chat or via E-Mail.

Questions
& Answers
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Online Catalogue
WCAP-FTDB


