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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   0.550 fsw_min  60170.000     Ios_rms 30.545     Cr       0.0
Cr_nF 116.209 fsw_max 156220.000      Ir_rms 10.354     Lr  0.000022
    n   4.000  Im_rms      6.992 L_second_uH  4.087     Lm  0.000065
Lr_uH  21.797      Io     25.000      Re_nom 24.901                 

Output capacitor Co

Formulas

Basic sizing (capacitive ripple only) Co ≥ Comin

Comin
=

Io

8 fsw ΔVoutC
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Where:

 : Output capacitance (Farads, F)
 : Output load current (Amperes, A)

 : Switching frequency of the converter (Hertz, Hz)
 : Maximum allowed output voltage ripple (Volts, V)

 : Equivalent Series Resistance of the capacitor (Ω)

ESR-related terms 

Where 

So:

Capacitor RMS current 

Total ripple — vector (RMS) sum with 90° phase shift 

Replace :

Solve for  (RMS sum) 

Condition: 

Solve for  (RMS sum) 

Optional split of ripple budget (50%-50% rule) 

ΔVoutC =
Io

8 fsw Co

Co

Io

fsw

ΔVout

ESR

ESRmax =
ΔVoutR

Irect_peak

ΔVoutR = Irect_peak ⋅ ESR

Irect_peak = Io
π

2

ΔVoutR = Io ⋅ ESR
π

2

ICo
= Io√ − 1

π2

8

ΔVout = √ΔV 2
outC + ΔV 2

outR

ΔVout = √( )
2

+ (Irect_peak ⋅ ESR)
2Io

8 fsw Co

Irect_peak

ΔVout = √( )
2

+ ( Io ⋅ ESR)
2Io

8 fsw Co

π

2

Co Co ≥
Io

8 fsw√ΔV 2
out − ( Io ⋅ ESR)

2π

2

ΔVout > Io ⋅ ESR
π

2

ESR ESR ≤ √ΔV 2
out − ( )

2
1

Io
π

2

Io

8 fsw Co

ΔVoutR <
ΔVout,max

2

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

Abdelaziz BOUZIANI 2026-02-18 3

https://github.com/BOAB235/Design_of_1200W_LLC_DCDC


Implied bounds with 50/50 split:

Numerical Implementation of the Formulas 50% 50%

We must use fsw_min to the worst case

First proposition

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

ΔVoutC <
ΔVout,max

2

Co ≥ =
Io

8 fsw ( )
ΔVout,max

2

Io

4 fsw ΔVout,max

ESR ≤ =

ΔVout,max

2

Io
π

2

ΔVout,max

π Io

Io = 25.000 (A)

fswmin = 60170.000 (Hz)

DV = 0.250 (vpp)

CominuF = 1 × 106 ⋅

= 1 × 106 ⋅

= 415.489 (uF)

Io

4 ⋅ fswmin ⋅ DV
25.000

4 ⋅ 60170.000 ⋅ 0.250

ESRmaxm = 1 × 103 ⋅

= 1 × 103 ⋅

= 3.183 (mΩ)

ICo = Io ⋅ √ − 1

= 25.000 ⋅ √ − 1

= 12.086 (Arms)

DV

Io ⋅ π
0.250

25.000 ⋅ 3.142

(π)2

8

(3.142)2

8
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Figure 1: B40910A8127M000 aluminum electrolytic capacitors with Temp_max = 150°C

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

I_rect_peak

Voltage ripples

Ccapa = Cmin

Nbcapa = 6

Ccapanom = 120 (uF)

Margin = 20 (\%)

Ccapa = Ccapanom ⋅ (1 − ) = 120 ⋅ (1 − ) = 96.000 (uF, Worst case)
Margin

100

20

100

Ceq = Ccapa ⋅ Nbcapa = 96.000 ⋅ 6 = 576.000 (uF > 415uF ok)

ESRcapa = 17 (Ω @ 100kHz)

ESReq = = = 2.833 (Ω < 3.18m OK)

Icapamax = 4.600

ESRcapa

Nbcapa

17

6

Ieqmax = Icapamax ⋅ Nbcapa

= 4.600 ⋅ 6

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

Irectpeak = Io ⋅ = 25.000 ⋅ = 39.270 (A)
π

2

3.142

2
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Self heating

Power Dissipation of Each Capacitor

Estimation of Thermal Resistance Rth

The self heating estimation and the max ambiant temp

ΔVout =


⎷( )

2

+ ( ⋅ Io ⋅ ESReq ⋅ 1 × 10−3)
2

= √( )
2

+ ( ⋅ 25.000 ⋅ 2.833 ⋅ 1 × 10−3)
2

= 0.143 (V < 0.25V Ok)

Io

8 ⋅ fswmin ⋅ Ceq ⋅ 1 × 10−6

π

2

25.000

8 ⋅ 60170.000 ⋅ 576.000 ⋅ 1 × 10−6

3.142

2

Ieachcapa =

=

= 2.014 (A)

PselfHeating = ESRcapa ⋅ 1 × 10−3 ⋅ (Ieachcapa)
2

= 17 ⋅ 1 × 10−3 ⋅ (2.014)2

= 0.069 (W)

ICo

Nbcapa

12.086

6

ΔT = 150 − 125 = 25 (°C)

ESR = 0.017

I = 4.600 (Arms)

Pdissip = ESR ⋅ (I)2

= 0.017 ⋅ (4.600)2

= 0.360 (W)

Rth =

=

= 69.498 (°C/W)

ΔT

Pdissip

25

0.360
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Voltage margin

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

Second proposition

EMHS101ARA331MMN0S aluminum electrolytic capacitors with Temp_max = 150°C, Below a
screenshoot of the datasheet [4].

Figure 2: EMHS101ARA331MMN0S aluminum electrolytic capacitors with Temp_max = 150°C

Let's start with a configuration of 10 capacitors in parallel, in the worst case (  of the
datasheet)

ΔT = PselfHeating ⋅ Rth

= 0.069 ⋅ 69.498

= 4.794 (°C => low delta temp)

Margin = 30 (°C)

Tmax = 150

Tambmax
= Tmax − ΔT − Margin

= 150 − 4.794 − 30

= 115.206 (°C)

Vomax = 54.000 (VDC)

Vmaxdatasheet
= 63 (VDC)

VoltageMargin = 100 ⋅

= 100 ⋅

= 14.286 (\%)

Vmaxdatasheet
− Vomax

Vmaxdatasheet

63 − 54.000

63

Ccapa = Cmin
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Since the ESR does not satisfy the 50%–50% condition of the formula, we must use the full
(unsimplified) expression for the voltage ripple.

I_rect_peak

Voltage ripples

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

Self heating

Power Dissipation of Each Capacitor

Nbcapa = 10

Ccapanom = 330 (uF)

Margin = 20 (\%)

Ccapa = Ccapanom ⋅ (1 − ) = 330 ⋅ (1 − ) = 264.000 (uF, Worst case)
Margin

100

20

100

Ceq = Ccapa ⋅ Nbcapa = 264.000 ⋅ 10 = 2640.000 (uF > 415uF ok)

ESRcapa = 59 (Ω @ 100kHz)

ESReq = = = 5.900 (Ω > 3.18m NOK)
ESRcapa

Nbcapa

59

10

Icapamax = 2.300

Ieqmax = Icapamax ⋅ Nbcapa

= 2.300 ⋅ 10

= 23.000 (@ Arms @ 125°C 100kHz > 12.08Arms ok)

Irectpeak = Io ⋅ = 25.000 ⋅ = 39.270 (A)
π

2

3.142

2

ΔVout =


⎷( )

2

+ ( ⋅ Io ⋅ ESReq ⋅ 1 × 10−3)
2

= √( )
2

+ ( ⋅ 25.000 ⋅ 5.900 ⋅ 1 × 10−3)
2

= 0.233 (V < 0.25V Ok)

Io

8 ⋅ fswmin ⋅ Ceq ⋅ 1 × 10−6

π

2

25.000

8 ⋅ 60170.000 ⋅ 2640.000 ⋅ 1 × 10−6

3.142

2
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Estimation of Thermal Resistance Rth

The self heating estimation and the max ambiant temp

Comparaison

Ieachcapa = = = 1.209

PselfHeating = ESRcapa ⋅ 1 × 10−3 ⋅ (Ieachcapa)
2

= 59 ⋅ 1 × 10−3 ⋅ (1.209)2

= 0.086 (W)

ICo

Nbcapa

12.086

10

ΔT = 150 − 125 = 25 (°C)

Pdissip = ESRcapa ⋅ 1 × 10−3 ⋅ (Icapamax)2

= 59 ⋅ 1 × 10−3 ⋅ (2.300)2

= 0.312 (W)

Rth = = = 80.100 (°C/W)
ΔT

Pdissip

25

0.312

ΔT = PselfHeating ⋅ Rth = 0.086 ⋅ 80.100 = 6.903 (°C => low delta temp)

Margin = 30 (°C)

Tmax = 150

Tambmax
= Tmax − ΔT − Margin = 150 − 6.903 − 30 = 113.097 (°C)

Vomax = 54.000 (VDC)

Vmaxdatasheet = 100 (VDC)

VoltageMargin = 100 ⋅ = 100 ⋅ = 46.000 (\%)
Vmaxdatasheet − Vomax

Vmaxdatasheet

100 − 54.000

100
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requirements Solutio1 Solutio2

ESR_eq 3.18 2.83 5.90

C_eq 415.49 576.00 2640.00

Ieq_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, I 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

Ii = = = 3.333 (A)

fswmin = 60170.000 (Hz)

δV = 1 (\%)

DV = VInnom ⋅ = 380.000 ⋅ = 3.800 (vpp)

CiminuF
= 1 × 106 ⋅ = 1 × 106 ⋅ = 3.645 (uF)

Power

VInmin

1200.000

360.000

δV

100

1

100

Ii

4 ⋅ fswmin ⋅ DV

3.333

4 ⋅ 60170.000 ⋅ 3.800
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Film Capacitors MKP 1848e 4uF +/-5% 700V (MKP1848E54070JK2)

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

Figure 3: Mouser, Film Capacitors MKP 1848e 4uF +/-5% 700V (MKP1848E54070JK2)

ESRmaxm = 1 × 103 ⋅

= 1 × 103 ⋅

= 362.873 (mΩ)

ICi = Ii ⋅ √ − 1

= 3.333 ⋅ √ − 1

= 1.611 (Arms)

DV

Ii ⋅ π
3.800

3.333 ⋅ 3.142

(π)2

8

(3.142)2

8
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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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Figure 5: datasheet MKP1848E54070JK2, ESR= 12.5mOhom @10 kHz, Irms= 5.5A (Maximum RMS
current at 10 kHz, +85 °C, Δt = +15 °C)

Verification

Impedance curve

Tolerance = 5 (\%)

CDatasheet = 4 (uF)

CiminuF = 3.645

CMin = CDatasheet ⋅ (1 − ) = 4 ⋅ (1 − ) = 3.800 (uF > 3.645 uF)
Tolerance

100

5

100

ESRmaxm = 362.873

ESRDatasheet = 12.500 (mOhm < 362mOhm)

ΔVout =


⎷( )

2

+ ( ⋅ Ii ⋅ ESRDatasheet ⋅ 1 × 10−3)
2

= √( )
2

+ ( ⋅ 3.333 ⋅ 12.500 ⋅ 1 × 10−3)
2

= 1.823 (V)

δVout = 100 ⋅

= 100 ⋅

= 0.480 (\% < 1\% Ok)

Ii

8 ⋅ fswmin ⋅ CMin ⋅ 1 × 10−6

π

2

3.333

8 ⋅ 60170.000 ⋅ 3.800 ⋅ 1 × 10−6

3.142

2

ΔVout

VInnom
1.823

380.000
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Figure 6: datasheet 700V 4uF, ESR ~ 12mOhm, Fres = 700kHz

Estimation of the ESL

Expectation life time

C = 4 (uF)

Fres = 700000.000 (Hz)

ESL = = = 12.924 (nH)
1 × 109

(2 ⋅ π ⋅ Fres)2 ⋅ C ⋅ 1 × 10−6

1 × 109

(2 ⋅ 3.142 ⋅ 700000.000)2 ⋅ 4 ⋅ 1 × 10−6

UOPDC = 400 (Operation dc voltage)

UNDC = 700 (Nominal dc voltage)

k = = = 0.571
UOPDC

UNDC

400

700
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Figure 7: Life time expectancy (h), k = 0.57, Tamb = 85°C ==> 200 000 h

Tamb and current limit

Figure 8: For 105°C curve, and 85°C amb, no limite in the rms current, coef = 1

The self heating

From the datasheet

Lifeh = 200000 (hours)

Lifeyears = 22.831 (Years)
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Selg heating

Maximum permissible ambient temperature in the application

Resonanat capacitor Cr

Chosing a capacitor for Cr

The inputs data

The RMS voltage of the resonant capacitor

ESR = 12.500 (mOhm)

Icaparms = 5.500 (Arms)

ΔT = 15 (°C)

Pd = ESR ⋅ 1 × 10−3 ⋅ (Icaparms)
2 = 12.500 ⋅ 1 × 10−3 ⋅ (5.500)2 = 0.378 (W)

Rth = = = 39.669 (°C/W)
ΔT

Pd

15

0.378

ICi = 1.611 (the RMS current in our application)

Pd = (ICi)
2 ⋅ ESR ⋅ 1 × 10−3 = (1.611)2 ⋅ 12.500 ⋅ 1 × 10−3 = 0.032 (W)

ΔT = Rth ⋅ Pd = 39.669 ⋅ 0.032 = 1.288 (°C)

TcapaMax = 105 (°C)

Margin = 10 (°C)

TambMax = TcapaMax − ΔT − Margin = 105 − 1.288 − 10 = 93.712

CrnF = 116.209 (nF)

VInmax = 400.000 (V)

fswmin = 60170.000 (Hz)

XCr =

=

= 22.761 (Ohm)

1

2 ⋅ π ⋅ fswmin ⋅ CrnF ⋅ 1 × 10−9

1

2 ⋅ 3.142 ⋅ 60170.000 ⋅ 116.209 ⋅ 1 × 10−9
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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 1.4

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

The 15 nF, 15 mm, 2000 VDC TDK MKP capacitor meets both the Vrms and Irms requirements.

VCr = Irrms ⋅ XCr = 10.354 ⋅ 22.761 = 235.672 (V)

VCrrms
= √( )

2

+ (VCr)
2 = √( )

2

+ (235.672)2 = 309.098 (vrms)
VInmax

2

400.000

2

Irrms1
= 1.294
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Figure 9: Vrms 15 nF, 15 mm, 2000 VDC TDK
MKP

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.

Figure 11: B32672L8153 is a 15 nF capacitor.

The ESR and Power dissipation
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Figure 12: ESR and Thermal derating

From the below
6.8nF ESR=70µΩ
33nF ESR=50µΩ
By linear interpolation, the ESR of a 15 nF capacitor can be estimated as 63.74 µΩ

The power dissipation of each capacitor

The Rth estimation

ESRu = 63.740 (µΩ)

Irrms1
= 1.294 (Arms)

Irrmsmax
= 2 (Arms)

PDuW = ESRu ⋅ (Irrms1
)2 = 63.740 ⋅ (1.294)2 = 106.771 (uW)

Tmax = 125

T100 = 100

ΔT = Tmax − T100 = 125 − 100 = 25

PDuWmax = ESRu ⋅ (Irrmsmax)2 = 63.740 ⋅ (2)2 = 254.962

RTH = = = 0.098 (°C/uW)
ΔT

PDuWmax

25

254.962
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Each capacitor's self-heating and the maximum permissible ambient temperature.

Understanding the Derating Curve of the Capacitors

One point calculation

The same calculation is repeated to construct the derating curve.

(80.0, 125.0)

Resonant capacitors configuration

There are two possible configurations for the resonant capacitors:

All capacitors in parallel:

ΔT = PDuW ⋅ RTH = 106.771 ⋅ 0.098 = 10.469 (°C)

Tambmax
= 125 − ΔT = 125 − 10.469 = 114.531 (°C)

Ta = 105

ΔT = Tmax − Ta = 125 − 105 = 20

PDuWmax
= = = 203.969

IrrmsmaxTa
= 1.789

Fa = = = 0.894

ΔT

RTH

20

0.098

IrrmsmaxTa

Irrmsmax

1.789

2
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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.

Figure 13: Simulation of resonant capacitor configurations

Bill of Materials (BOM) of this part

Mouser No Mfr. No Number componenent remark

0 871-
B40910A8127M000 B40910A8127M000 6 Output capa

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

HP

1 75-
MKP1848E54070JK2 MKP1848E54070JK2 1 Input capa Film Capacitors MKP 1848e

4uF +/-5% 700V

2 871-B32672L8153J B32672L8153J 8 Resonant capa Film Cap 15NF 5% 700VAC
MKP BOXED
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