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Short Introduction of Today‘s Presenter
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Agenda

 What is the Purpose?

 Component Selection

 Layout Analysis & EMC Properties

 Efficiency and Temperature Measurement 

 Conclusion
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 The voltage of a battery with 5 lithium ion cells in series should be regulated to stable 18 VDC

 The voltage of a cell varies ~ 3.0 V to 4.2 V

 5 cells in series gives an input voltage range of 15 V to 21 V

 Continuous current of 5 A is required

 The DC/DC converter is to be designed for a input voltage range from 14 V to 24 V

Vout 18 V@5 A

What is the Purpose?



2019   |   eiCap / eiRis   |   Public   |   APEC 2019 Capacitor Workshop PSMA
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.                                                                          www.we-online.com

5

Buck-Boost with LT3790 & external MOSFETs
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Buck-Boost with LT3790 & external MOSFETs

• 6 layer PCB
• Components on TOP & BOT  
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Power Stage with low ESR/ESL Capacitors

Aluminum
Polymer 
Capacitor

Aluminum
Polymer 
CapacitorMLCC

X7R 50V 
MLCC
X7R 50V

WCAP-CSGP                              WCAP-PSLC WCAP-PHGP        

fsw = 400 kHz

MOSFETs
60V/100A/2,5mΩ
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Critical ΔI/Δt Loops & high ΔV/Δt Nodes

Requirements for the design:

• Long I/O connection cables (1 m)

• No shielding possible

• Emission Limits CISPR32 Class B

• Efficiency over 95% @ 100 W

BUCK-
LEG

BOOST-
LEG

High ΔV/Δt 
Nodes
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Simulation of the I/O Filter Components

500 MHz100 kHz

-20 dB

-60 dB
-80 dB

-100 dB

100 MHz10 MHz1 MHz

100 kHz 
to 5 MHz

100 kHz 
to 5 MHz

5 MHz to
30 MHz

5M Hz to
30 MHz

30 MHz to
300 MHz

30 MHz to
300 MHzFerriteFerrite Coil Coil

CMC CMC

E-Cap E-Cap C µFC µFC nF C nF

20 dB

-120 dB

-40 dB

0 dB
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All components are simulated with parasitic elements:

 Losses on the output filter:       I² * Rdc = 5.5 A² * 30 mΩ = 907 mW
 Losses on the input filter:         I² * Rdc = 7 A² * 18.4 mΩ = 902 mW

WE-UCF

Simulation of the I/O Filter Components in LTspice



2019   |   eiCap / eiRis   |   Public   |   APEC 2019 Capacitor Workshop PSMA
© All rights reserved by Wurth Electronics, also in the event of industrial property rights. All rights of disposal such as copying and redistribution rights with us.                                                                          www.we-online.com

11

Calculation of the input capacitors (REDEXPERT)

 Calculation of input capacitors for max. allowed AC voltage

 Selected : 6 x 4.7 µF / 50 V / X7R  =   28.2 µF - 20% DC-Bias  =  23 µF

Cin ≥
𝐷𝐷 × 1 − 𝐷𝐷 × 𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

∆𝑉𝑉𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝 × 𝑓𝑓𝑠𝑠𝑠𝑠
Cin ≥

0.78 × 1 − 0.78 × 5.5𝐴𝐴
100 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 × 400 𝑘𝑘𝑘𝑘𝑘𝑘

= 21 µ𝐹𝐹
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Calculation of the input capacitors (REDEXPERT)
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Filter Damping to fulfil Middlebrooks Criteria

 Calculation of the Aluminum Polymer Capacitor

 Selected: 68 μF => WCAP-PSLC with 35 V

 Details for DC/DC filter design, stability etc. Wurth Electronic AppNote ANP044

+
-

DC
DC

LFilter

CFilter,ElkoSource

Rdamp

Cinput,MLLCCdamp
Rdamp =

𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

𝑪𝑪𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ~ 𝟒𝟒 × 𝑪𝑪𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 = 𝟒𝟒 × 𝟐𝟐𝟐𝟐 µ𝑭𝑭 = 𝟗𝟗𝟗𝟗 µ𝑭𝑭

Rdamp =
1µ𝐻𝐻
23µ𝐹𝐹 = 0.2 Ω

WRIS-KSKE
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Calculation of the Output Capacitors

 Maximum coil current ΔI in Buck Mode = 1.6 A

 Selected: 
 6 x 4.7 µF / 50 V / X7R  
 28.2 µF – 15% DC-Bias  = 24 µF

 Plus:
 Aluminum Polymer Capacitor 

for transient response
 WCAP-PSLC  220 µF / 25 V   

𝑪𝑪𝑶𝑶𝑶𝑶𝑶𝑶 ≥
∆𝑰𝑰𝑳𝑳

𝟖𝟖 ∗ 𝑽𝑽𝑶𝑶𝑶𝑶𝑶𝑶 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 ∗ 𝒇𝒇𝑺𝑺𝑺𝑺
𝑪𝑪𝑶𝑶𝑶𝑶𝑶𝑶 ≥

𝟏𝟏.𝟔𝟔 𝑨𝑨
𝟖𝟖 ∗ 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 ∗ 𝟒𝟒𝟒𝟒𝟒𝟒 𝒌𝒌𝒌𝒌𝒌𝒌

= 𝟐𝟐𝟐𝟐 µ𝑭𝑭
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Analysis of the Layout - TOP
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Analysis of the Layout - BOTTOM & Inner Layers
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EMC - Conducted Emission Test

 Conducted emission 150 kHz – 30 MHz
 Buck Mode 100 W

150kHz 30MHz
Frequency Sub-range 4

-10 

100 
dBµV

0 

CISPR 32/CISPR 32 B - QPeak/

CISPR 32/CISPR 32 B - Average/

400 kHz

PASS
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EMC - Radiated Emission Test

 Radiated emission 30 MHz – 450 MHz
 Buck Mode 100 W

30MHz 450MHz
Frequency

-10 

50 
dBµV/m

0 

      

CISPR 32/CISPR32 - FAR B - QPeak/3.0m/

      

PASS
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Temperature of the PCB & Components

TOP side BOTTOM side

Efficiency @ 100W    Buck Mode 96,5%     &     Boost Mode 95,6%  
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Questions?
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