1200W 400V/48V LLC DC-DC Converter Design - Resonance Tank Capacitor and Output Capacitor

Resonance Tank Capacitor and Output
Capacitor

Abdelaziz BOUZIANI 2026-02-18


https://github.com/BOAB235/Design_of_1200W_LLC_DCDC

1200W 400V/48V LLC DC-DC Converter Design - Resonance Tank Capacitor and Output Capacitor

Table of contents

* Inputs and claculated parameters
® OQutput capacitor Co
= Formulas
= Numerical Implementation of the Formulas 50% 50%
= First proposition
= Second proposition
= Comparaison
® |nput Capacitor Ci
= Numerical Implementation of the Formulas 50% 50%
= Film Capacitors MKP 1848e 4uF +/-5% 700V (MKP1848E54070JK2)
* Resonanat capacitor Cr
= Chosing a capacitor for Cr
= Understanding the Derating Curve of the Capacitors
= Resonant capacitors configuration
* Bill of Materials (BOM) of this part

e References

Inputs and claculated parameters

V_In_min 360.0 V_In_max 400.0 Vo_nom 48.0 Power 1200.0
V_In_nom 380.0 Vo_min 42.0 Vo_max 54.0 f_nom 100000.0

Lnc 3.000 Lm_uH 65.392 Ioe_rms 7.636 Re_110 22.637
Qec ©.550 fsw_min 60170.000 Ios_rms 30.545 Cr 0.0
Cr_nF 116.209 fsw_max 156220.000 Ir_rms 10.354 Lr ©.000022
n 4.000 Im_rms 6.992 L_second_uH 4.087 Lm ©.000065
Lr_uH 21.797 TIo 25.000 Re_nom 24.901

Output capacitor Co

Formulas

Basic sizing (capacitive ripple only) C, > C,

min

I,
Co B ——
" 8 fsw AV:th
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I,

A S
‘/outC 8 fsw CO

Where:

e (', : Output capacitance (Farads, F)
* ], :Output load current (Amperes, A)
* f.u : Switching frequency of the converter (Hertz, Hz)

AV, : Maximum allowed output voltage ripple (Volts, V)

ESR : Equivalent Series Resistance of the capacitor (QQ)

A V:JutR

rect_peak

ESR-related terms ESR,,,,, =

A%utR =1, rect_peak * ESR

0
Where ILrect peak = o5 I,

So:
AVyur = gfo .ESR

2
™
Capacitor RMS current I, = I, 3 1

Total ripple — vector (RMS) sum with 90° phase shift AV,,; = \/AV;itC + A

L 1\’
AVour = \/ (m) + (Irect peak - ESR)”

Replace Iyect peak:

N e

V2

outR

I

- 2
Condition: AV,,,; > gl" -ESR

Solve for C, (RMS sum) C, >

1 L\
Solve for ESR (RMS sum) ESR < T A‘/:’Zt B (W)
2 o

Optional split of ripple budget (50%-50% rule) AV,:r < 5
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A V:)ut,mam

AVvoutC < 2

Implied bounds with 50/50 split:

I, I,
c, > =
( A%ut,mam ) 4 fsw A‘/out,maa:
8 f sw - 5
2
A%ut,mam
2 AVvout,maw
ESR < =
Tr w1,

2

Numerical Implementation of the Formulas 50% 50%

We must use fsw_min to the worst case

To = 25.000 (A)
fswinin = 60170.000 (Hz)
DV =0.250 (vpp)

Io
4 - fswyin - DV
25.000

4-60170.000 - 0.250
= 415.489 (uF)

Comin,p = 1 x 10° .

=1x10°%.

ESRyn4z,, = 1 x 10° - v
Io-m
, 0.250
=1x10° ————
25.000 - 3.142
=3.183 (mQ)
(m)?
Ip,=I0o- 4/ — —1
Co o 8

(3.142)°
=25.000 4/ —— 1

= 12.086 (Arms)
First proposition

B40910A8127M000 aluminum electrolytic capacitors with Temp_max = 150°C, Below a screenshoot of
the datasheet [2].
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&TDK

Hybrid polymer aluminum electrolytic capacitors B40910
Very high ripple current = up to 150 °C

Technical data and ordering codes

Cr Case dimensions?) ESRmax |lacr lac.max | Ordering code

120 Hz dxl 100 kHz |100 kHz |100 kHz |(composition see below)
20°C mm 20°C 126°C |135°C

WF 0 A A
Vg=63VDC

82 10x10.2|10x10.5 0.022 4.0 2.8 B40910A8826M**
100 10x10.2|10x10.5 0.022 4.0 28 B40910A8107M***
100 10x125]|10x12.8 0.017 46 3.2 B40910B8107M***
120 10x125|10x12.8 0.017 486 ak2 B40910A8127M***
150 10x16.5|10x 16.8 0.013 55 3.8 B40910A8157M***
180 10x16.5|10x 16.8 0.013 5.5 3.8 B40910A8187M***

Figure 1: B40910A8127MO000 aluminum electrolytic capacitors with Temp_max = 150°C

Let's start with a configuration of 6 capacitors in parallel, in the worst case (Ceqpa = Cpmin Of the
datasheet)

Nbcapa =6
Ceapa,,, = 120 (uF)

Margin = 20 (\%)

Margi 20
Coape = Conparn (1 _ f’gﬁm) =120 <1 - W) = 96.000 (uF, Worst case)
Ceg = Ceapa - Nbegpa = 96.000-6 = 576.000 (uF > 415uF ok)
ESRope = 17 (Q @ 100kHz)
ESR BSRepa _ 17 2.833 (0 < 3.18m OK
eq = m = ? = 4. ( < o9.1dm )

Icapa,,,, = 4.600

Ieq,,,, = Icapa,,, - Nbcapa

=4.600-6
= 27.600 (@ Arms @ 125°C 100kHz > 12.08 Arms ok)

I_rect_peak

™ 3.142
Lnectyy =To- 5 = 25.000- —5—  =39.270 (A)

Voltage ripples
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Io 2

2
= + (5 -To-ESRy,-1x 10°°)
8 - fsWynin - Ceg 1 x 107° 2

25.000 2 3.142 L)’
= + | —— -25.000-2.833-1 x 10
8 -60170.000 - 576.000 - 1 x 106 2

—0.143 (V < 0.25V Ok)

Self heating

Power Dissipation of Each Capacitor

I,
oot = N
12086

6
—2.014 (A)

_ 2
PselfHeating = ESRcapa -1 x10 3. (Ieachmpa)

=17-1x107%-(2.014)°
= 0.069 (W)

Estimation of Thermal Resistance Rth

Ar =150 — 125 =25 (°C)
ESR = 0.017

I =4.600 (Arms)

Puissip = ESR - (I)?
= 0.017 - (4.600)
=0.360 (W)

Ar
Pdissip
25

0.360
= 69.498 ("C/W)

Ry, =

The self heating estimation and the max ambiant temp
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Ar = PselfHeating : Rth
= 0.069 - 69.498
=4.794 ("C => low delta temp)

Margin = 30 (°C)
T e = 150
Tomb,yy = Tmae — Ar — Margin
=150 — 4.794 — 30
— 115.206 (*C)

Voltage margin

VOmas = 54.000 (VDC)

Vmamdatasheet - 63 (VDC)
2 — Vo
Voltage 4, = 100 - AT datasheet maz
MATdatasheet
63 — 54.000
=100 —88 —
63

—14.286 (\%)

This solution is acceptable, but the voltage margin is limited.

Second proposition

EMHS101ARA331TMMNOS aluminum electrolytic capacitors with Temp_max = 150°C, Below a

screenshoot of the datasheet [4].

wv Cap . ESR (Q max./100kHz) Rated ripple current

(Vao) (uF) Stze code 20C —a0C (mArms/125°C, 100kHz) AL
110 KEO 0.17 2.5 920 EMHS101JRA111MKEOQOS
150 KG5 0.13 1.8 1,030 EMHS101JRA151MKGSS

100 160 LHO 0.098 1.3 1,640 EMHS101CJRA161MLHOS
200 MHO 0.091 0.98 1,720 EMHS1010RA201MMHOS
240 LNO 0.063 0.80 2,230 EMHS101CJRA241MLNOS
330 MNO 0.059 0.59 2,300 EMHS101C1RAS31MMNOS

Figure 2: EMHS101ARA331TMMNOS aluminum electrolytic capacitors with Temp_max = 150°C

Let's start with a configuration of 10 capacitors in parallel, in the worst case (Ceopa = Cmin of the

datasheet)
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Nbeapa = 10
Ccapanom = 330 (uF)

Margin =20 (\%)

C 1 Margin 330- (1 20 264.000 (uF, Worst
capa — “capanom ° - 100 - : - 100 = . (11 , ors Case)
Ceq = Ceapa - Nbegpa = 264.000-10 = 2640.000 (uF > 415uF ok)

ESRgpe = 59 (Q @ 100kHz)

ESReapa 59

ESRy = —— = —
SRey Nbegpa 10

=5.900 (2> 3.18m NOK)

Since the ESR does not satisfy the 50%—-50% condition of the formula, we must use the full

(unsimplified) expression for the voltage ripple.

Icapa,,,, = 2.300

Ieqnqe, = Icapa,q, - Nbcapa
=2.300-10
=23.000 (@ Arms @ 125°C 100kHz > 12.08 Arms ok)

I_rect_peak
e 3.142
Irectpeak =1Io- ) = 25.000 - 5 = 39.270 (A)
Voltage ripples
I 2 2
A%ut = ° 6 + (1 * IO * ESReq : 1 X 10_3)
8 - f5Wyin * Cog - 1 X 107 2

25.000 2 (3142 L)
= + [ === .25.000-5.900-1 x 10
8 - 60170.000 - 2640.000 -1 x 107° 2

=0.233 (V <0.25V Ok)

The condition is satisfied, but with a very limited margin.

Self heating

Power Dissipation of Each Capacitor
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I, 12.086
Togeh. = = =1.209
“P* Nbegpa 10
PselfHeating = ESRCGPG -1 x 10_3 ’ (Ie‘whmpa)z
=59-1x107%.(1.209)*
= 0.086 (W)
Estimation of Thermal Resistance Rth
Ap =150 — 125 =25 (°C)

Pissip = ESReapa - 1 x 107 - (Icapa
=59-1x 1072 (2.300)
=0.312 (W)

mazx )

Ar 25
Piissip  0.312

Ry, = —80.100 ("C/W)

The self heating estimation and the max ambiant temp

At = PseifHeating - Ren = 0.086 - 80.100 =6.903 ("C => low delta temp)
Margin = 30 ("C)
Traz = 150

Tumb,,, = Trnaz — Ap — Margin = 150 — 6.903 — 30 = 113.097 (°C)

VOmas = 54.000 (VDC)

Vmaﬁdatasheet =100 (VDC)

szw atasheet Vomaw 100 — 54.000
Voltage, g, = 100 - dotasheet =100 —————— =46.000 (\%)

MATdatasheet 100

Comparaison
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requirements Solutiol Solutio2

ESR _eq 3.18 2.83 5.90

C eq 415.49 576.00 2640.00

leq_max 12.09 27.60 23.00
VmaxDC 54.00 63.00 100.00
Delta_V_out 0.25 0.14 0.23
C_capa NaN 96.00 264.00

Nb_capa NaN 6.00 10.00
P_selfHeating NaN 0.07 0.09
T_amb_max NaN 115.21 113.10
Voltage_Margin NaN 14.29 46.00

*) The ESR requirement is based on the 50%-50% formula (see above for solution2).

The voltage margin in the first solution is limited (16% in the worst case). Nevertheless, | recommend
proceeding with this option due to the number of parallel capacitors. Careful control is required to
avoid overshoot or transient voltages, particularly when Vout is at its maximum.

Input Capacitor Ci

We will use the same formula as the output capacitor above:

Numerical Implementation of the Formulas 50% 50%

We must use fsw_min to the worst case

. Power 1200.000
b= Vi, 360.000 =3.333 (A)

fSWonin = 60170.000 (Hz)

dv =1 (\%)
DV =V, O _ 380,000 — — 3.800
- Innom * 100 - . : 100 - . (Vpp)
i 3.333
Clin, . = 1x 100 —— B — 1108 = 3.645 (uF)
uf 4 - fsWpin - DV 4 -60170.000 - 3.800
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DV
ESRumag,, = 1 x 10% . ——
L-m
10t 3.800
3.333 . 3.142

— 362.873 (mQ)

=1.611 (Arms)

Film Capacitors MKP 1848e 4uF +/-5% 700V (MKP1848E54070JK2)

Let's start with this capacitor MKP1848E54070JK2 see the datasheet [5].

MKP1848E54070JK2 Availability
v Mouser No: 75-MKP184BE54070JK2 Stock:
e % Mfr. No: MKP1848E54070JK2 You can still purchase this

Mfr.: Vishay / Roederstein product for backorder.
Customer No: Customer No On Order: 230 Expected 10/20/2025
Description: Film Capacitors MKP 1848e 4uF FactoryLead 22 Weeks @

Images are for reference only +/-5% 700V= Time:

See Product Specifications . Mini 1 Multiol ;
Lifecycle: @ New Product: New from this Enter Quantity: nimum: uttiples:

manufacturer. ' Buy
Datasheet: MKP1848E54070JK2 Datasheet

Pricing (EUR)
ECAD Model:

Qty. Unit Price Ext. Price
1 147 € 147 €
your ECAD Tool. Learn more about the ECAD Model. h
10 0911 € 9,11 €
More
Information

O Compare Product

Figure 3: Mouser, Film Capacitors MKP 1848e 4uF +/-5% 700V (MKP1848E54070JK?2)
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COMPOSITION OF CATALOG NUMBER

MULTIPLIER CAPACITANCE
(nF) (numerically)
10 4 Example:
100 5 510 1000 nF 1HF
1000 6 610 | 10000 nF | 10pF
10000 7 710 | 100000 nF | 100 uF
|

MKP [1848e [ 6 [70 [70 [J [ Y | 2]

P1 PITCH
(mm) | CODE
225 I
275 K
375 P
525 ¥

TYPE CONSTRUCTION ’J [

SPECIAL CODE FOR TERMINAL

METALLIZED
POLYPROPYLENE

VOLTAGE TOLERANCE
Unpe = 50 = 500 Vi at 85 °C J +5%
Unpg = 70 = 700 Vpg at 85 °C K +10%

Unpc = 90 = 800 Vg at 85 °C

Unog = 10 = 1000 Ve at 85 °C

Uypc = 12 = 1200 Vp at 85 °C

Uypc = 18 = 1300 Vp at 85 °C

2 2 pins

4 4 pins P2 = 10.2 mm
5 4 pins P2 = 20.3 mm
m Customized

Figure 4: Understund the part number

Signification of the part number

MKP1848E54070JK2

MKP METALLIZED POLYPROPYLENE
1848E TYPE CONSTRUCTION
5 MULTIPLIER (nF)=100

40 CAPACITANCE 40=4000nF

70 VOLTAGE UNDC = 70 = 700 VDC at 85 °C

J TOLERANCE J=5%
K Pitch code = K => P1=27.5mm
2 2 = 2pins
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@
www.vishay.com Vishay Roederstein
ELECTRICAL DATA AND ORDERING CODE
ESR R @)
Unoc OmaEesion € s fokHz | Tz
AT | CAP. mm P1 P2 | du/dt |leeax et <(x 109 m
85°C| (uF) mm) | )| ) | A) [ i 2( )4 - k ORDERING CODE
™ w | h ‘ ! PINS | PINS | PINS | PINS | PINS ‘ PINS
Uoro AT 105 °C = 500 V; Ugppc AT 125 °C = 400 V
1 [ 10.0 [ 195 | 260 | 225 - 75 | 75 | 30 | - [320] - | 75 | - | MKP1848e51070+12
2 | 100] 195|260 | 225 - 75 | 150 | 45 | - |250| - | 75 | - | MKP1848e52070+12
3 | 120|220 | 260 | 225 - 75 | 225 | 55 | - [110| - | 75 | - | MKP1848e53070412
4 | 155|265 | 265 | 225 - 75 | 300 | 80 | - | 75| - | 75 | - | MKP1848e54070+12
5 | 180|295 | 265 | 225 - 75 |a75 |90 | - | 60| - | 75 | - | MKP1848e55070+12
2 | 90 | 190|520 275 - 40 | 80 | 35 | - |250| - | 75 | - | MKP1848e52070+K2
3 | 110|210 820275 - 40 | 120 | 45 | - |165] - | 75 | - | MKP1848e53070+K2
4 | 130230 520 | 275 [ 40 |60 | 55 | - |125| ° | 75 | I | MKP1848e54070+K2
700 |5 | 150250 320 [ 275 - 40 | 200 | 85 | - [100] - | 75 | - | MKP1848e55070+K2
7 | 180|280 | 520 275 - 40 |280 | 90 | - | 70| - | 75 | - | mxP184sestoroik2

Figure 5: datasheet MKP1848E54070JK2, ESR= 12.5mOhom @10 kHz, Irms= 5.5A (Maximum RMS
current at 10 kHz, +85 °C, At = +15 °C)

Verification

Tolerance =5 (\%)

CDatasheet =4 (UF)
Clmin,, = 3.645

Tolerance
CMin = CDatasheet : (1 - —)

5
—4.(1 —3.800 (uF > 3.645 uF
100 ( ) (uF > uF)

100

ESRy4z,, = 362.873

ESR patasheet = 12.500 (mOhm < 362mOhm)

2
Ii 2
AVout - - + (I I ESRDatasheet -1 x 1073)
8 - £5Winin + Cagin - 1 x 1076 2
3.333 23142 L)’
= + [ === .3.333-12.500- 1 x 10
8-60170.000 - 3.800 -1 x 1076 2
=1.823 (V)
Ay,
Sv,,, = 100 - d
Ingom
100 1.823
77 380.000

—0.480 (\% < 1\% Ok)

Impedance curve
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1 000 000
1 pF
2 uF
100 000 4pF o
6 uF
) . 9 uF
10 000 HS‘E : 15 uF §
) PRI T
£ 1000
N _%_, S .d'_'.EE
100 i q
ALY
L e e e R I T i |
L Pitch = 22.5 mm
1 1 NN 1 1
1 10 100 1000 10 000
f (kHz)

Impedance as a function of frequency
(typical)

Figure 6: datasheet 700V 4uF, ESR ~ 12mOhm, Fres = 700kHz

Estimation of the ESL

C =4 (uF)
Fres = 700000.000 (Hz)

1 x 109 1 x 10°
ESL — . - . —12.924 (nH)

(2-7-Fres)®-C-1x10"%  (2-3.142-700000.000)* - 4-1 x 10°°

Expectation life time

Uoppc = 400 (Operation dc voltage)
Unpc = 700 (Nominal dc voltage)

U 400
g — orpC T —0.571
Uvpc 700
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1.3
1.2
1.1 A
2 10
Q
g —— 70°C
S5 09 }—85°C \
o —— 105 °C
& 08 | — 125°CforUqgp =250 Vpe
S 125 °C for Ugp > 250 Ve \
0.7 ‘ A\
0.6 \l
0.5 |
100 1000 10000 100 0011 1 000 000

Lifetime Expectancy (h)

Lifetime expectancy
(typical)
Figure 7: Life time expectancy (h), k = 0.57, Tamb = 85°C ==> 200 000 h

Life;, = 200000 (hours)

Lifeyeqrs = 22.831 (Years)

Tamb and current limit

35 1.6
1.4
30 N ~N
Fo12 ™ N
25 \\ \\ E N N
& 10
o % \\ \\ -
3 N N
= s °° NN
a 15 T g6 N\ N\
\ \ 5 A
10 N N v 04 11T T T 1T N1
NEERN *
5 — Upto105°CT,,, N N 02 | — Upt0o105°C T,y
—— Upto 125 °C T,y (¥ — Up 10125 °C T,
o [ ——————
45 65 85 105 125 45 65 85 105 125
Tamh (uC) Tamb (nC)
Maximum allowed component temperature rise (AT) Maximum Igimg current in function of the ambient temperature
as function of ambient temperature (Tamp) (typical curve). Above 85 °C ambient temperature voltage derating
must be applicable
Figure 8: For 105°C curve, and 85°C amb, no limite in the rms current, coef = 1
The self heating

From the datasheet
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ESR = 12.500 (mOhm)

Icapa,,,, = 5.500 (Arms)

Ar =15 (°C)
Selg heating
Pd=ESR -1 x 1072 - (Icapa,,,)* = 12.500 - 1 x 1073 . (5.500) =0.378 (W)
Rth— 2L _ 15 39.669 ("C/W
~ Pd 0.378 = 39.669 ("C/W)

Maximum permissible ambient temperature in the application

Ic; =1.611 (the RMS current in our application)
Pd = (I¢;)* - ESR -1 x 10~° = (1.611)% - 12.500 - 1 x 107 =0.032 (W)
A7 = Rth - Pd = 39.669 - 0.032 =1.288 ("C)
Teapartaz = 105 (°C)
Margin = 10 (°C)

T,

ambMaz — L capaMaz

— Ap — Margin = 105 — 1.288 — 10 =93.712

Resonanat capacitor Cr

Chosing a capacitor for Cr

The inputs data

Cryr = 116.209 (nF)
Vinme = 400.000 (V)
fSWpmin = 60170.000 (Hz)

The RMS voltage of the resonant capacitor

1

27 fSWinin - Crpp - 1 x 1077
1

2-3.142 - 60170.000 - 116.209 - 1 x 10~°
—22.761 (Ohm)

XC'r =
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Ve = Itpms - X¢p = 10.354 - 22.761 = 235.672 (V)

Vit \ 400.000 \ 2
Vcﬁmf\/ < I2 > +(Vcr)2=\/ (T) +(235.672)° = 309.098 (vrms)

Starting with the B3267*L film capacitors, the maximum rated DC voltage is 2000 V. [2].

The design value of Cr is 116.2 nF
Below are some possible combinations for constructing this resonant capacitor:

Nominal_capa_nF Nb capas in parallel total capa nF error %

0 6.2 19 117.8 14
1 6.8 17 115.6 -0.5
2 8.2 14 114.8 -1.2
3 10.0 12 120.0 3.3
4 12.0 10 120.0 3.3
5 15.0 8 120.0 3.3
6 22.0 5 110.0 -5.3
7 33.0 4 132.0 13.6
8 47.0 2 94.0 -19.1
9 56.0 2 112.0 -3.6
10 68.0 2 136.0 17.0

The current of each element capacitor

Iypms, = 1.294

The 15 nF, 15 mm, 2000 VDC TDK MKP capacitor meets both the Vrms and Irms requirements.
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&TDK
B32672L MKP
High V AC, high temperature (wound) 5
2000 V DC/700 V AC
1000 KMK1841-Y
v AN AN
Vaus N\ AN
NI
15nF Ok N[
Sﬁ)zerg:'l:ﬂﬁgﬂon 30pVrms
TonFTERON T\ |\
4.7 nF N \\
15 nF \ \
22nF NN
100 AN
N
50
10 B32672L/2000 V DC
10% 104 10° Hz 108

f

60170 Hz

Figure 9: Vrms 15 nF, 15 mm, 2000 VDC TDK

MKP

High V AC, high temperature (wound)

&TDK

B32672L

2000 V DC/700 V AC

10 KMK1855-C
A [ B32672L/2000 V DC FHH

Irus A

L
15nF & 2Arms Ok * -l
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Figure 10: Irms 15 nF, 15 mm, 2000 VDC TDK

MKP

Below is a screenshot from the B32672L datasheet. The ref B32672L8153 is a 15 nF capacitor.

B32672L MKP
High V AC, high temperature (wound) ;.
Ordering codes and packing units (lead spacing 15 mm)
Vaus Va Cq Max. dimensions | Ordering code Ammo Reel Untaped
f <1 kHz wxhxl (composition see | pack
V AC VDC|nF mm below) pes./MOQ | pes./MOQ | pes./MOQ
700 2000 1.0| 5.0x10.5x 18.0| B32672L8102+*** | 4680 5200 4000
1.2| 5.0x 10.5x 18.0| B32672L8122+*** | 4680 5200 4000
1.5| 5.0x10.5x 18.0| B32672L8152+*** | 4680 5200 4000
2.2 | 5.0x10.5x 18.0| B32672L8222+*** | 4680 5200 4000
2.7 | 5.0x10.5x 18.0| B32672L8272+*** | 4680 5200 4000
3.3| 5.0x10.5x 18.0( B32672L8332+*** | 4680 5200 4000
3.9 | 5.0x10.5x18.0( B32672L8392+*** | 4680 5200 4000
47| 5.0x 10.5x 18.0| B32672L8472+*** | 4680 5200 4000
5.6 | 6.0x11.0x 18.0( B32672L8562+*** | 3840 4400 4000
6.2 | 6.0x11.0x18.0( B32672L8622+*** | 3840 4400 4000
6.8 | 6.0x11.0x 18.0( B32672L8682+*** | 3840 4400 4000
8.2 | 6.0x12.0x 18.0( B32672L8822+*** | 3840 4400 4000
10 7.0 x 12.5 % 18.0| B32672L8103+*** | 3320 3600 4000
12 8.5 x 14.5 x 18.0| B32672L8123+*** | 2720 2800 2000
15 8.5 x 14.5 x 18.0| B32672L8153+*** | 2720 2800 2000
22 9.0 x 17.5 x 18.0| B32672L8223+*** | 2560 2800 2000
33 |11.0x18.5x 18.0( B32672L8333+"** | — 2200 1200

The ESR and Power dissipation
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Figure 11: B32672L8153 is a 15 nF capacitor.
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&TDK

Capacitors for Snubbering, Resonant Circuits, Power Factor Correction (PFC) B3267*L
High V AC, high temperature (wound)

Impedance Z versus frequency f
(typical values)

lrws (Ta) = IRMS.TA51 oo°c” Fr(Ta)
Vrus (Ta) = VRMS.TAQOD oc” F1(Ta)

And F+ is given by the following curve:
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Figure 12: ESR and Thermal derating

From the below
6.8nF ESR=70uQ
33nF ESR=50uQ

By linear interpolation, the ESR of a 15 nF capacitor can be estimated as 63.74 pQ

The power dissipation of each capacitor

ESR, = 63.740 (uf2)
Ir, s, = 1.294 (Arms)

Ir =2 (Arms)

TMSmax
PD,y = ESR,, - (Ityms,)” = 63.740 - (1.294)°

The Rth estimation

Thnaz = 125
Tipo = 100
Ap = Tpaw — Tiop = 125 — 100
PDuwy = ESRy * (Iymepg,)” = 63.740 - (2)°

Ar 25
PDuw,..  254.962

Rry =
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= 106.771 (uW)

=25

= 254.962

=0.098 ("C/uW)
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Each capacitor's self-heating and the maximum permissible ambient temperature.

Ar = PDyw - Rrg = 106.771 - 0.098 =10.469 (°C)

Tump,,,, = 125 — Ap = 125 — 10.469 —114.531 (°C)

Understanding the Derating Curve of the Capacitors

One point calculation

Ta = 105
Ar = Tyaw — Ta = 125 — 105 =20
Ar 20
PD — - = — 203.969
uWmaz = "B 0.098

Irmsny, = 1.789

Wrmsmanr,  1.789
2

Fa = = 0.894

Irrmsmaz

The same calculation is repeated to construct the derating curve.

(80.0, 125.0)

Thermal Derating from datasheet Calculated Thermal Derating
EME2874-0
11 T
i 1.0
Fr
| 08 0.9
08 _ 0.8
i
0.7t E 0.7 -
0.6 S 0.6
0.5 L
o 0.5 1
0.4 =
4 D 0.4 1
0.2 B 0.3
0.1 0.2
%0 85 90 95 100 105 110 115 °C 125 0.1 1
=T 0.0 e

T T T T
80 85 90 95 100 105 110 115 12
Ta (°C)

Resonant capacitors configuration
There are two possible configurations for the resonant capacitors:

e All capacitors in parallel:
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which is the classic LLC configuration and offers simplicity in layout.

¢ Dividing the capacitors between the high side and low side:

which helps balance HV+ and HV-.

Below is a simulation of both solutions. We can see that the voltage and current of each capacitor are

almost identical in both configurations, and all other voltages and currents are also very similar.

You can donwload the LTSPICE file using this Link.

4 Comparaison_Res_Capas_Archi.asc

= [ =l
ca) cto| en| crz
cru} fcru) keru ficruy |
iy Crrfers o
.param Freq = 100k Thresh=0.2 R 1=, - =
v2 83 A 5 Vi B1 '\{\;
e ) - @) .
400 V= 10°(v(Vemd)>( Thresh)) ;' ‘200 V= 10°(v(Vemadp{ Thresh) ;'
Rser=tm Rser=tm
SINE(O 1 100k) 1 L i
.tran 30u
L %:m R_load L (D) R_load_R
-param Cru=16n Lr=21.8u Lm=65.4u M. } 26 = 26
RS = |na Veapak
B4 A c13)cufcis|  feut L 3 : c1| c2| c3| 4| cs| cs| 7 =
Cruj fcru) ferup c L L LTl L
V= 10°(v(Vemd)<(-Threshj) (crupfen fem ey V= 10*(v(Vemd)<{-Threshj) tcrufcruyferufer ferupfcru) feru) ficruy
! T
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Figure 13: Simulation of resonant capacitor configurations

Bill of Materials (BOM) of this part

Mouser No

871-
B40910A8127M000

75-
MKP1848E54070JK2

2 871-B32672L8153J
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B32672L8153J 8

componenent

Output capa

Input capa

Resonant capa

remark

Alum capa - SMD 63VDC
120uF (M) d10x125 mm SMD
HP

Film Capacitors MKP 1848e
4uF +/-5% 700V

Film Cap 15NF 5% 700VAC
MKP BOXED
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