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Introdution

Measuring the efficiency of a power electronic converter is challenging due to the sensitivity to
measurement accuracy. For instance, a 1% overestimation on the primary-side measurement
combined with a 1% underestimation on the secondary side results in a 2% reduction in calculated
efficiency, decreasing it from 96% to 94%.

The opposite is also true:minor measurement errors can similarly lead to an overestimation of

efficiency.

For this test, shunt resistors will be employed to measure current using a millivoltmeter, while a

voltmeter is used to measure voltage.

To minimize measurement errors, the same instruments are used for both primary and secondary
voltage measurements (and similarly for current). This methodology requires waiting for the power
transfer to stabilize before taking readings.

Test setup
Load
Four-Wire Shunt Four-Wire Shumt
J’ 20A-50mV 50A-100mV
LLC
345V-404V
Power supplay

Figure 1: Setup schematic
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Figure 2: Shunt 50A 100mV Figure 3: Shunt 20A 50mV

The detailed measurement methodology is provided in the introduction section.

Efficiency
Measurements

# Pv_w= 40.647 w

Vin_v V_shunt_inp_mV Vout_v V_shunt_out_mV

0 3802 085 4553 3.43
1 380.2 143  44.66 7.57
2 380.1 193 4434 11.02
3 3801 203 4429 11.68
4 380.0 248 4411 14.85
5 3799 3.03 43091 18.66
6 3794 725 4225 47.52

Efficiency calculations

(0.002, 0.0025)
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Vin_v V_shunt_inp_mV Vout_v V_shunt_out.mV Linp I out Pin Pout eff loss R
0 3802 0.85 4553 343 034 172 129.27 78.08 6040 51.18
1 3802 143  44.66 757 057 378 21747 169.04 7773 4844
2 3801 193 4434 11.02 077 551 29344 24431 83.26 49.12
3 380.1 203 4429 11.68 081 584 30864 258.65 83.80 49.99
4 380.0 248 4411 1485 099 742 37696 32752 86.88 4944
5 3799 3.03 43091 18.66 1.21 933 46044 409.68 88.98 50.76
6 3794 725 4225 4752 290 23.76 1100.26 1003.86 91.24 96.40
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Areas for Improvement

Transformer loss

Transformer losses represent a major contributor to the reduction of the overall power-transfer
efficiency of the DC-DC converter.

Below, a simplified estimation of the peak magnetic flux density in the transformer core is presented:

The magnetic core characteristics are specified in the ELP core datasheet [2].

Abdelaziz BOUZIANI 2026-02-19


https://github.com/BOAB235/Design_of_1200W_LLC_DCDC

1200W 400V/48V LLC DC-DC Converter Design - Power efficiency of the LLC

Vin = 380 (V)
Freq = 100 (kHz)
N =4 (turns)

Amm2 = 534.200 (mm?2 - see datasheet)

A=Apme-1x10%=534.200-1x 1079 =0.001 (m2)
1 1
_ - = = 0.000
Freq-1 x 10 100 - 1 x 103
) Vin T 380\ 0.000 _
Ll = (T) . E = (T) . T = 0.001 (V—L.dl/dt)
Li 0.001
Flux = — = —— = 0.000
TN 4
Fl )
deltaB — S 1ox _ 0000 — 0.445
0.001

deltaB B 0.445
2 2

Bpeak = =0.222 (T)

Bpeak,, , = Bpeak - 1 x 10* = 0.222 - 1 x 10° = 222.295 (mT)

The TDK documentation [1] provides data on the relative core losses associated with the N97
magnetic material.

For a peak flux density of B_peak = 220 mT, the average volumetric core loss density (Pv), estimated
between the 20°C and 100°C characteristic curves, is approximately 700 kW/m?.
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N97

Relative core losses
versus AC field flux density
(measured on R34 toroids)
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Figure 4: Core loss of the transformer

Based on the ELP core datasheet [2]. the core loss can be estimated as follows.

Py = 700 (kW /m3)
Pominal = 1200 (w)
Pv = Pvy - 1000 = 700 - 1000 = 700000 (W/m3)
Vemms = 67745 (mma3 - see datasheet)
Ve =Veums-1x107° =67745-1x 107° = 0.000
P55 = Pv - Ve = 700000 - 0.000 = 47.422 (W)

Pioss 1 47.422

Poss eaivezloo' - =100 -
tosshiclat Pnominal 1200

—3.952 (\%)

The estimated core loss is approximately 47.5 W. This value is reasonably accurate, as a consistent
power loss of around 50 W is observed between 0 and 400 W, largely independent of the transmitted
power(see the efficiency loss curve above).

This core loss is relatively significant for a 1200 W DC-DC converter. Considering this loss alone, the
corresponding efficiency reduction is already around 4%.

Magnetizing Current
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Due to the relatively low magnetizing inductance (83 pH), a significant peak current flows even under
zero power transfer conditions. This results in increased Joule losses in both the copper and the
primary-side MOSFETs.

Below a quick estimation of the peak magnetizing current:

Li = 0.001 (see formulas above)

Lm,z = 83 (uH)

Lm=1x10% Lm,zg =1x107%.83 = 0.000
Li  0.001
Ipeak = m = m = 11.446 (A)

Assuming a total series resistance of approximately 100 mQ for the PCB traces (primary side),
MOSFETs, .., and considering the primary current as a pure sinusoidal waveform, the estimated
copper loss in the primary side is:

Irms = = = 8.093
Vi 2
RpTimaryLaop = 0.100 (Q)
PCopperPrimary = RprimaryLoop : (Irms)2 = 0.100 - (8093)2 = 6.550 (W)
PCopperPrimary 6.550
PCopperPrimaryRelative =100 - m = 100 - TOO = 0.546 (\%)

An additional 0.6% efficiency loss occurs.

Output synchronous rectifier (SR)

As shown below, the turn-on time of the secondary MOSFET is dependent on the output current.
Even at 250 W, the turn-on interval remains short, leading to extended conduction through the
intrinsic body diode. This increased diode conduction significantly degrades the overall conversion
efficiency.
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Secondary synchronous driver performance Vin=393.5v, Vout=48.11, Freq = 100khz

Output: No load

Output: Load 52.1Q 0.92A 44W

Output: Load 24.5Q 2.0A 94W
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Output: Load 12.8Q 3.8A 180W

Output: Load 9.2Q 5.2A 251W

T

—— CH1: Vds_primary 100V/DIV
—— CH4: Vds_secondary 20V/DIV
—— CH2: Vgs_secondary 2V/DIV
— time 2us/DIV

Figure 5: Secondary synchronous driver waveforms

To understand this problem, | propose the simplified calculation below of the dead-time impact in a

MOSFET power module.
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DeadTime = 0.050 (1 \% of the perdiode)

T.s =10

T=1x10%T,=1x10"%.10

Vi =
Vds,, = 0.300

I=30

EconductionDiode =1x 106
=1x10°
= 30.000

EconductionMos =1x 106
=1x10°
= 81.000

P

_ —6
conductionTotal — 1x10 :

-2-.DeadTime-Vf-I-T
-2-0.0560-1-30-0.000

(1 —2-DeadTime) - Vds,, - I - T

-(1—2-0.050) - 0.300 - 30 - 0.000

EconductionDiode + EconductionM 0s

T

=1

x 1076

The calculation is repeated below for a range of dead-time values:

DeadTime %

0 0.00
1 0.01
2 0.02
3 0.05
4 0.10
5 0.20

0.0

7.8

15.6

39.0

78.0

156.0

90.0

88.2

86.4

81.0

72.0

54.0

30.000 + 81.000

0.000

E_conductionDiode pJ E_conductionMos pJ P_conductionTotal W

9.0

9.6

10.2

12.0

15.0

21.0

= 0.0C

= 11.100 (W

Under simplified assumptions, it can be observed that a dead time of 2% increases the MOSFET

conduction loss by approximately 50%, while a 20% dead time triples the loss.
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