MAKE OR BREAK YOUR DESIGN; A

PRACTICAL APPROACH TO CAPACITOR
SELECTION

Mohamed AlAlami
Senior Field Application Engineer

WURTH ELEKTRONIK MORE THAN YOU EXPECT



AGENDA PSMA

= Boost converter Topology
= Boost Converter Demo Board
= Practical Boost Example
= Bad Design Practice
= |mprovement of Noise Rejection/Reduction
= Selection of different capacitors
= REDEXPERT
= LT SPICE

= Practical Boost Example

= (Good Design Practice

2 | PRACTICAL CAPACITOR SELECTION

EXTERNAL | M ALALAMI | 17TH JAN 2025



BOOST CONVERTER
TOPOLOGY




Noise sources with the Boost Converter PSMH

Hot Node

@ > @

- H Critical Loop
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Noise sources with the Boost Converter PSMH

EMI Overview

Source of Differential Mode Source of Common Mode

Power ,,HOT NODE”

/'/I Choke  HighdV/dt gehottky ( ‘ ( ‘ High dI/dt
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PSMA

Parasitic Boost Model
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BOOST CONVERTER
DEMO BOARD




Objective of the Good and Bad Layout PSMA
Keypoints

 Single Point PGND vs. big PGND Loop

- Correct vs. Wrong Capacitor Position ' MORE TLAN.

YOU EXPECT

* Same Semiconductors, different Passives
e Shielded Choke vs. Unshielded Choke
* Alu-Electrolyte vs. Polymer Caps

* Filter @ I/0s vs. No Filter at all

S U2822.1

 Ferrite in the Power Loop of a DCDC |
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PCB Overview

Testpoints “BAD" Design:

TP12 to TP15 is voltage over C, ~ \ENL:' 3 S, e
TP14 to TP16 is voltage over C, s VOU EYPEFT B ¥ v+ recufl] TP18
i 1Rk ACADLY
TP18is GND | TP16 S N e

TP13 is switch node voltge

Testpoints “GOOD DESIGN":

e TP11toTP8is Input voltage after EMI filter

e TP5to TP7 is output voltage after EMI filter

e TPSisinput voltage between CMC and LC filter
e TP10to TP17 is voltage over G,

e TP3is switch node Voltage

. o e WSS 2 8 y2022.1
e TP4to TP6is voltage over C,, AN Lo "ol PN: 600 004
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Setup PSMA

_
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PRACTICAL BOOST
EXAMPLE

WURTH J '.’ ’ - 0} !
W | FEom O <

YOU EXPECT  oooe o 2vpp TECHNICAL |
di Sl ACADENY .
e v X DEMONSTRATION BOARD 4
8AQ . - |
=, @@

18- + - o, o ¥ . - 0, SAmax

BAD Design Practice e LA e
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WURTH
ELEKTRONIK ©.:

Practical Example: Bad Design Practice - Schematic W DEFET e
19V > 24V/0,5A

DEMONSTRATION BOARD
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PSMA

Practical Example
'

Bad Design Practice - Layout =~ Domp
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PCB Layout - Bad Design

Placement of decoupling capacitors
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PCB Layout - Bad Design

Trace below Power Inductor

-T. 23717
/ b7

i A R
7 & 747 , A
i ‘_J /; .J =
o | A 7z 1%
: 7 A |‘ g O j
E @Ay

s

“ M %z B = B =5

PSMA
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Time Domain Measurements
Bad Design Practice: Ripple Measurement \W/O Filtering

RTA4004; 1335 7700K04; 501290 (01.700 2621-11-11)

«“ 1 Q w ¢ & o NI s

gy  Lowtes  Joom BT Hadb  Fledell 1V 5 GSafs Os Einzelwent
| N Test |
Point 12

4

\ i o Ll iy T . o (G e T
Mol [ ‘l ’ . 3 oy pop o

B Vpp: 70952 mV B 1595298 khz
A B B o “f

Bad Design Vin Ripple/Noise: 710mVpp
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RTA4004; 1335 7700K04; 901290 (01,700 2021-11-11)
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Bad Design Practice: EMC Test Lab
CISPR32 Conducted Emissions — Input W/0 Filtering
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IMPROVEMENT OF
NOISE
REJECTION/REDUCTION




1. Selection of Different Capacitors PSMA

Real vs ldeal

Rins/Rieak
fo- Resonance frequency
C 7 4 :
= =SR | | Capacitive : Inductive
— Y Y\ 1 St o
®
zZ | 2
©
o)
@
3
ESR tan 6 o 8 % X £
— = tan o *
2*xm*f*xC ¢
>
f
1 1
Xc .

=2*n*f*C=w*C '
ESR
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1. Selection of Different Capacitors PSMA

Ripple current

= Aluminum Electrolytic Capacitors

= Ripple current can be critical, shortening of lifetime, and
= Fortoo 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

ESL ESR

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

Polymer \/s Electrolytic - Comparison

= Aluminum- Electrolytic-Capacitor " Polymer- Electrolytic-Capacitor:

— higher voltage ratings available — smaller ESR as an Alu-Cap >> higher allowed

_ _ ripple current
— is currently cheaper ( same capacity and _
_ — No dry-out behavior like Alu-Cap (solid electrolytic)
voltage rating)
— higher expected lifetime / load life

Lifetime

Voltage ESR CJ

irice Ripple current &4‘
No Dry Out ﬁ

1)

—
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1. Selection of Different Capacitors:

Polymer Vs Electrolytic - Load life calculation

Lifetime of Wurth Elektronik Capacitors

[
10000000 /&3 Aluminum Polymer Capacitors:
&i» Tmax = Ta

Lx - I'Nom * 10 v

1000000

Lifetime

(hours) Tmax = Ta

Lx - LNom N 2 .

100000

®

40 50 60 70 80 90 100 110

*: 8 hours per day Component Temperature (°C)
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Aluminum Electrolytic Capacitors:

120

e— DS C

—ASLI

— ASNP

—— AS5H

ASLU

130

PSMA

Polymer
105°C_2000H

Electrolytic
105°C_2000H

Electrolytic

85°C_2000H

Electrolytic
105°C_5000H

Electrolytic
85°C_1000H




1. Selection of Different Capacitors

MLCC Voltage Dependence

10.00

0.00

-10.00 -

-20.00

-30.00

-40.00

AC/Co [%]

-50.00

-60.00

-70.00

-80.00 - B

PRACTICAL CAPACITOR SELECTION

AC/Covs. DC Voltage

-
0 5 10 15 20 25 30 35

DC Voltage [V]

40

PSMA
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1. Selection of Different Capacitors

False

Economy

Save Space on your PCB

24 x MLCC

e ;/N: 885?)12107006 3 3 5 ’ ’ ’

e 000888
V.=6.3V

:S?ze0805[-)c)2x1.25mm 535333

"wmorine 000008

® A =255 mm2

PRACTICAL CAPACITOR SELECTION

PSMA

1 x H-Chip Aluminum
Polymer Capacitor

= P/N: 875015119006

with 220 pF

1 x 220 pF = 220 pF

V¥ =6.3¥,;

Size 2917 =» 7.3x4.3 mm
C@6V, =220 pF

A = 44 mm?
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1. Selection of Different Capacitors PSMA
SELECTION TOOL - REDEXPERT

The losses determined with REDEXPERT are based on real
time DCDC measurements with its typical current and voltage

waveforms. Besides all core and winding losses they do also
consider losses in the air gap.

p Calculate the AC losses

Power Inductors

REDEXPERT

15 0 i
HEEEEE

2 7 | PRACTICAL CAPACITOR SELECTION

EXTERNAL | M ALALAMI | 17TH JAN 2025



https://redexpert.we-online.com/we-redexpert/en/#/home

1. Selection of Different Capacitors

False Economy https://we-online.com/re/5gQ4Xc8g

REDEXPERT™  MULTILAYER CERAMIC CHIP CAPACITORS (MLCCS APPUICATIONS HOW TO o SHARS
Winex [veorzey 1
" Order Code T Spec Series " Deseription T Sae T Cemmie T C Y Tole_ °
n 885012209073 ) WCAP.CSGP General Purpose 1210 X7R 10.0pF 210%
n 885012208069 0 WCAP-CSGP Genersl| Purpose 1206 X7R 10.0pF 210%
885012107014 % WCAP-CSGP General Purpose 0805 X5R 100pF 220%
8as501210901m mr WCAP-CSGP General Purpose 1210 X5R 47.0uF 220%
100 4F | $10%

<
885012209073 885012208069 885012107014 88501210901
WCAP-CSGE TR 1210 WCAR-CSGF X7R 1204 WCARCSGP - X0 - 1370 WCASCSGE XUR - 080% WOAPCEGR X58 1230
100cF %00V QOuF 250V 180 ¢F ZEOV 100uF 180V 470uF 00V
]

[zver [ - [ C v e |

Show Pane

1)

G Vicam
1k

mpedance

I m — — - - - ~— n - ~— y— = —

100 &Mz Y MH: 10 MHz 100 Mz 1 G

Frequency Frequency
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Capacitance

Vi

a0 r

T
50.0V
250V
160V

6.0V

Reo 7
> 5.00 MO
>500MQ
»5.00 MO

> 1.00 MQ

250V >10.0M0Q

ClVocaim) @120V 77
341 pF
4,10 pF
219 uF
14.1 pF

[
[ Capaiancechnge Tepersre = 08

120V

10%

135%

0%

10%

Change

_apactance

B 2ITEMS

e

Twn 5
-55.0°C
-55.0°C
-55.0°C

-55.0°C

Toas
125°C
126°C

8s5.0°C

85.0°C

Tce

215%

215%

£15%

£15%

PSMA

o MOHAMED

16items £
h

o] sax | src| arclon | N
>

MORE

Temperature
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1. Selection of Different Capacitors PSMA

Polymer Option https://we-online.com/re/5tgb85rx

E] ;‘E,mw EXPERT  Alum. Electrolytic / Alum. Polymer / Hybrid Polymer Capacitors
leeﬁ Assermbling Technology = SM Not Inteme 5 selected dnems 2
-H? Y  Order Code v ¢ LY Spec (3] Technology Y Senubucripum To.. DF 77 Z@600kHz 7 ESR@®60DkRz T 1@20"C @50 Hz
2 ARSI m
875075661008 WCAP-PSLC Alum. Polymer SMT - Large Capacitance 220 pF 120% 350V <12% 19.9m0 1.23A
u 875105645005  WCAP-PSLP m (3 Alum. Polymer SMT - Low Profile 47.0 pF 120% 350V <12% 13.6 mQ 13.3m0 480 mA 1.6
‘\_"; 865060557008 WCAP-ASLL w0 (&) Alum. Electrolytic  SMT - Low Imp, & Long Life +1.. 220 uF 120% 350V <14% 983 mi 934m0 596 mA 670
v
<
865080553014 x 875075661008 875105645005 865060557008
WA AL WCAP PSLC WCAP PELP WCAP ASLL
2350V 2yl BSav 470pF 350V .77?0’;“ isov o

—

™ vl L .
1 ki dhx 35x 1
600 e 600 ke ; 200
T |
1 100 E g Ixyd
10 0 e - |
E (
5 - |
\ - ©
® o |
s 8 o
€ 2 srvxd i {
> | e : \ & % 1 5 |
2 L | o =
=4 $
E F— J = ' |
P11 ™ H 1 4]
" ‘ ) v £ : : I
<
- |
TEINED Finnibbenastitbesaumm Rl sammbenssetd = | | 90 D g
5 05 2 '
) ' ——— — = ——I_ 0
0x N SR WS,
100 Hz 1 ks 10kt 1 ) M
Frequency Frequency Frequency Tempetalure
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https://we-online.com/re/5tqb85rx

Input capacitor - Bad Design PSMA
Redexpert Alu Cap 865060557008 Selection for Fsw 600kHz

REDEXPERT" ALUMINUM | oLy AL LMINLISE POLYMIER CAMAL PIACATION W & LM - mwm - ANLAEA
pl-‘l . U - p >~ i 1 1 heey °
Orows Cone s Y 1 foee  Teownongy Sanen Descr . B ¥ T W Y o THNE0 WM FHR 2800 M2 AROTIEd M e, [ Toew Twes Uletire Y Ade warm Ymgnt - o

v | BOS000%IT008 | WCAPASLL B | Men Osctioytic | SMT - Low imp. < WAmO | 670 mA 100 KKz 109°C | T7.0pA S5 109°C

220uF 2=98m & ESR=93m( (@ 600kHz
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Conducted EMI Calculation with 220pF Elko Cin - Bad Design PSMA

Triangular approximation (differentail mode only):

Uy — Ui +Ug 24V — 19V + 0,5V

= 0,224
Uyt + Uy 24V + 0,5V
ar =i p_ v 0,224 = 0,214
L-f.,  33uH-600kHz '~~~ 7
Al 0,214
|1.;,,[600kHZz]| = +|sin(r - D)| = - |sin(m - 0,224)| = 56mA

V2-m2-D-(1-D) V2 120,224 - (1 —0,224)
|U i (600kHZ)| = |Zoin(600kHZ)| - |14, (600kHZ)| = 98mQ - 56mA = 5,49mV

5,49mV
1ul

549mV - 20 log< > = 74,8dBuV — 6dB(LISN Voltage Divider) = 68,8dBuV

Limit CISPR32 Class B is 46dBuV - approx. 33dB attenuation is necessary
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1. Selection of Different Capacitors

PSMH

Different Input Capautors — Apples with Apples https://we-online.com/re/5tqwkINS Sl ]

1kQ 4
https://we-online.com/re/5tgxBfbE it |
E i_i_‘;f . 100 O !
Input capacitor alu: 865060440001 (10p/25V WCAP-ASLL) |
‘ _«{ Input capacitor polymer: 875105544001 (10u/25V WCAP-PSLP) e |
Input capacitor MLCC: 885012209028 (10p/25V 1210) G 10 |
Prmen | 004k <cemogm 1V ¥4 290 AsseriAing Technology + SM e vetactnd 20em O :
Y  Ordor Code T Seres U 1. T Spes [i) Techeology V7 SeriesDescrpton TOE Y T T Wy Y DF T 7ge00kHr T ESR@E00RH: T 1G00C@S0Hx T Specific Wit _// ‘
u 865060440001 WCAP»LSLL .‘- (31 Alum. Electrolytic SMT - Low lmp. & Long Life +1 10,0 ¥ $120% 50V <14% 1910 1. 90.0 mA Wﬂlh 10 mQ - y ‘
| amal 2 |
1mQ : - T ‘
v \\“Q& & @\@” »\QQ\&," \@2@ \0‘}& @Q‘}& \O&

> Frequency
ESR / Fraquancy =0
s M.m ar
i%s ‘ ,
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https://we-online.com/re/5tqwklNS
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1. Selection of Different Capacitors
Practical Design Example Improvements PSMA

Ripple Measurement - Different Input Capacitors

SR M AL PO EA o B G OF N MA LSO EA m Ww e OF  n B MA@ O WA e W Gy O
B e e D N A ey L 5@ah Oy Saryie : e T D et fes I i iy omy 5@ah Wen Sarryle : ¥ T D bt fes I i iy omy 5@ah Ll Sarryle ‘ L
‘,?veb Peely Teely
s / _"e: = | s
| / a | AN g
e — = 8
o o o
® w;.o;:.;g ﬂ n n* TR ey visemw e @ ® u;:;m ﬂ n o ; B vosus  vaeuw semmo ' @ " lel!.%w ﬂ n o ' B ooomaw  vamsey semaw @
= Aluminum 10pF/25V ~1.9 Ohm = Polymer 10pF/25V ~20mOhm = MLCC 1210 10pF/25V ~2m0Ohm
= voltage ripple: 974m\V/pp = voltage ripple: 281m\V/pp = \oltage ripple: 218m\Vpp
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LT Spice Simulations
LT Spice Models

BE IREFROAS LIPS FI XODODCimcimer

¥ U1

L

| U2

|
i

| 22x25_861141483001_68u

U3

' 1808_885352010007_33p

J
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| 10x12.4_875075161011_1.2m -

Qpe Syt C Lvery enrased sldbary Docaserty LTspen 00 it ayer

Ths i e fo b0 1o A0OMN 31 1 it ine

il

I¥eéE
. 4% 3

T3 i
\?' "

¥

PSMA

E.‘I Select Component Symbol *

Top Directory: | C:A\Users“mohamed alalami*Documents -~

=il
i

1en this macromodel’s test fidu

WCAP-PSLC

C:\Users\mohamed alalamit.Documents L Tspice XVIIMibe

L] WCAP-ASNP WCAP-LSMH WCAP-PTSH
WCAP-AIBH  WCAP-ATTH WCAP-CS5A WCAP-PTGH
WCAP-AIEE  WCAP-ATET WCAP-FTBE WCAP-PTHR
WCAP-AIGE WCAP-ATGE WCAP-FTEP WCAP-PTHT
WCAP-AIGE WCAP-ATGE WCAP-FTX2
WCAP-ASSH WCAP-ATLI  WCAP-FTHX
WCAP-ASLI  WCAP-ATLL WCAP-PSHP
WCAP-ASLL WCAP-ATUL WCAP-PSLC
WCAP-ASLU WCAP-LSGF WCAP-PSLP

Cancel



https://www.we-online.com/en/components/products/WCAP-CSGP-25VDC

LT Spice Simulations - Pl filter example

Better board realization with 3 Vias
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LT Spice Simulations - PI filter example

Impact of voltage- and current biasing

0603 MLCC Good Layout 3xVia-

0603 MLCC Good Layout 3xVia

0603 MLCC Good Layout 3xVia

1 N 112
. AC1 . AC1
{idc} - {idc}

.ac dec 100 3Meg 3G
.param ldc=1
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PSMA

13

| AC 1

{idc)

L1
- VY " 0603_nobias
- C1 1806_74279246_10000hm L C2 R1
0603 885012208095_0.1uF 50R
> - ~ 0603_885012206095 0.1uF - =
L10 /L1 —L12 —L20 - L21 |22
_/0n4 . 0n4 04 04 10n4 - pn4
Vias parallel Vias parallel
L2
. Y . 0603_|_bias
L C3 1806_74279246_10000hm_DC L C4 R2
0603_885012206095_0.TuF _BOR
: . 0603_885012206095_0.1uF - . ‘
L13 —/L14 —L15 ~123 —L24 —} 25
~0n4 ;Ond ~.0n4 " ond UL “pn4
Vias parallel Vias parallel
L3
. AeAA: - -0603_UI_bias
. C5 1806_74279246_10000hm_DC | Cs R3
“50R
- . - -
/L16 . L17 - 'L18 126 /L2728
/0nd_0nd - 0nd 04 -_10n4 - pn4
Vias parallel Vias parallel




LT Spice Simulations - Pl filter example PSMA

Simulation results

(B V(0603_nobias) V(0603_i_bias) V(0603_ui_bias)

0dB-
-10dB—
-20dB+
-30dB—
-40dB—
-50dB-
-60dB—
-70dB-
-80dB-
-90dB—
-100dB—
-110dB-
-120dB—

1
1
'130dB L] llll!l ll L] 1 ll'lll L] L] 1 IIIIII L]

10MHz 100MHz 1GHz
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PSMA

2. Filtering of Input and Output
CM and DM Filtering

Boost converter

Vin Boost DCDC_Bad.SchDoc Rout 15W
K3 3 L3 4 L4 L2 L5 4 K4
1 \ANANAS I I \ANANAS 2
E—— 15uH 15uH E——
2 WE-LQS WE-LQS 1
101 2pin 1 = 2 ——c3 74404054150 74404054150 |:|C m 101 2pin
= /Y Y £ 4
5UH/5A m— OOV L — 5mH/1.3A
WE-SL5 HC 865060340001 10uF/16V WE-CMBNC XS
744273501 WCAP-ASL 7448011305
8650603400

GND GND GND
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PRACTICAL BOOST
EXAMPLE

Good Design Practice




Schematic Good Design
19V = 24V/0,5A

s é}

U2022.1
PN: 600 0

Uout
£ EA max

Fres Cin/L{ = 5,3kHz
= A/ESRM*=sgria.8uH 47 uF )
g
Zin stat Conv = 270bm "
TE%? 4 = TE3 JIrput Filter .y
£ i3 Ry 12 i
1l - P rw*gw#x - 1 >
! k3 HLuo Ak -SuH BHOIAF 17
GNOR 2 4 |£3 o3 +jfie q
& e o= WE-5L5_47BuH
Igl= B -lsdex -z ds 744272471
2T a o |B237 e
NEN Sl Par W
L M L'jz =m J =2y
= S SPe)- “pE
JSENS y5an HER NELE £8
—_ |
(n] Dg UI.—qjg ’Sg
2 Oy U RN FhD Zrp  FND .
3 o] o
o I} =
e E4LzE
2L a JP3 TES
+ i e i L2 Jpzd &
LOMR 228p écl - 4 Dg-r $ B
[y
pgt QCQ' . . QDSE . 05 = Ferrite Besd JDﬂﬁJ Putput Filter
»—lZI—l |1—o ISEN LIN errite Bea 1
a P ! I 1uF /5B &, P 1A L
BMNOA 188p 21 uLuo g YT - FYYYS by S
} voe H2—2] = 53502 £12752837 AEuH F——3
comp LuF r5aH H 1 # AR
DS Rt = 1 [ + [HE—SLE 478
I . - B3 Rz 4 Dd% é% ' i e
o FAssho I | . gnm o= — —-E = —
e owfly 2 BT High R 2a SEE 32
- pEn e f5u1 6POKHZ = ENE o R “les S8
; s 5 I R Y
o T = 51 L 5
t'[*]% . e - 5%/ 2 T is
+ - & . 4 T L O
BHDA 4 Feverse Geometrie £ N = S
Rz £h0 T%é FHND £MD FHO EHD
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12#{_]
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PCB Layout Good Des
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Input capacitor - Good Design PSMA
Redexpert Polymer Cap 875105645005 Selection for Fsw 600kHz

REDEXPERT®  ALUMMUM ELLCTROCYTIC | ALLMMUM FOCYMER CAPACITO
P

& s

O Coste Seves Y L. e

c v ™~ W Y oF £55 600 W2 Speciud Mi2 lgupe Litetane
O e e T T M e B T T

o O

L7uF Z=14mQ & ESR=13mQ @ 600kHz

v
<

>

i
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Conducted EMI Calculation with 47uF Polymer Cin PSMA

Triangular approximation (differential mode only):

Upue = Upn + Ug 24V — 19V + 0,5V

D= = 0,224
Uyt + Ug 24V + 0,5V
ar=Yin_ 1oV 0224 = 0214
L fa  33uH-600kHz =7 7
Al 0,214
|I.;,[600kHZz]| = - |sin(m - D)| = - |sin(m - 0,224)| = 56mA

V2-m2-D-(1-D) V2 -1m2-0,224- (1 —0,224)
|U i, (600kHZ)| = |Z1,(600kHZ)| - |1, (600kHZ)| = 14mQ - 56mA = 784uV

784uV
1uVv

784uV — 20 log< > = 57,9dBuWV — 6dB(LISN Voltage Divider) = 51,9dBuV

Limit CISPR32 Class B is 46dBuV - approx. 16dB attenuation is necessary
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Good Design Practice:

Ripple Measurement - Without input and output Filtering

Test
Point 11

Good Design Vin Ripple/Noise: 66.2mVpp Good Design Vout Ripple/Noise: 108.4m\V/pp
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Good Design Practice:

Ripple Measurement - With input and output Filtering

RTAL004; 1335 7700K04; 901290 (01,700 2021-11-11) RTAL004; 1335 7700K04; 901290 (01.700 2621-11-11)

“ 0 Q w ¢ & o NI Y BN YR o B W g

NGy Lostos Joom BT Haodbn  Fisell 1 5GSa/s Einzelwen 3 Wiy Lostos  Joom BT Hadbnm el 1V 5GSafs Os Einzelwen
| i Test | | | N T Test | i
Point 11 Point 5

B Vpp: 124mV B 118722 MH 7 A A ' A & vip: 129%mv B 1154376 MHz

20 myf 10 my/

Good Design Vin Ripple/Noise: 6mVpp Good Design Vout Ripple/Noise: 13mVpp
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Good Design Practice: EMC Test Lab
CISPR32 Conducted Emission — With input Filtering

100
dBuv

it

e e e = | ;L ‘ ‘ |J J H' |I\I|J\11HJHI‘[L\HJ

i

150kHz J0MHz
Frequency Sub-range 2
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Any Questions PSMR

P

L]
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