
Test Report: PMP22835
Isolated IGBT and SiC Driver Bias Supply Reference
Design for Traction-Inverter Applications

1 Description
This isolated open-loop LLC transformer driver converter provides dual 20-V and –4-V outputs up to 6 W for
traction-inverter applications. The LLC topology allows the transformer to have significant leakage inductance,
but a much smaller primary-secondary capacitance, which significantly reduces common-mode current injection
through the bias transformer. It offers a high level of integration, low cost, and high efficiency in a compact form
factor.

Figure 1-1. Top Side of PCB
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2 Test Prerequisites
2.1 Voltage and Current Requirements

Table 2-1. Voltage and Current Requirements
Parameter Specifications

Input voltage range 24 V, ±1 V (regulated)

Output voltage and current 20 V and –4 V, 300 mA (balanced), 6 W maximum

Switching frequency 1 MHz

Isolation Yes, 2500 VAC (1 s)

Topology Open-loop LLC transformer driver

2.2 Required Equipment
• Resistive loads (two resistor decade boxes), 6 W
• Power supply, regulated, 24 V and 0.5 A minimum
• Oscilloscope and probes
• Digital multimeters
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3 Testing and Results
3.1 Thermal Images
This thermal image shows the operating temperature of the top side of the board with a 24-VDC input and the
+20 V and –4 V at 200-mA output at room temperature and no air flow.

Figure 3-1. Top-Side Thermal Image With 200-mA Load

Measurement Location Temperature (°C)
Sp1 41.7

Sp2 38.9

Sp3 44.6

Sp4 36.4
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The following thermal image shows the operating temperature of the top side of the board with a 24-VDC input
and the +20 V and –4 V at 100-mA output at room temperature and no air flow.

Figure 3-2. Top-Side Thermal Image With 100-mA Load

Measurement Location Temperature (°C)
Sp1 36.3

Sp2 30.4

Sp3 34.4

Sp4 30.7
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3.2 Efficiency and Power Dissipation Graph
This graph displays the efficiency and power dissipation of the converter with a 24-VDC input voltage.

Figure 3-3. Efficiency Graph

3.3 Efficiency and Power Dissipation Data

Figure 3-4. Efficiency and Power Dissipation Data
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3.4 Cross-Load Voltage Regulation

Figure 3-5. Cross-Loading Regulation Values Up To 100 mA

3.5 Voltage Regulation Graph
This graph displays the total rectified secondary output voltage of the converter with a 24-VDC input voltage.

Figure 3-6. Converter Voltage Regulation for Vin of 24 V
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4 Waveforms
4.1 Start-up Sequence
The following waveform shows the output voltage start-up waveform (20 V in Blue and –4 V in Yellow) after the
application of 24-V input (Red) with each output loaded to 0 mA.

Vin and –4 V: 5 V/div, 20 V: 10 V/div, 5 ms/div, 750 MHz BWL

Figure 4-1. Output Voltage Start-up Waveform

The following waveform shows the output voltage start-up waveform (+20 V in Blue and –4 V in Yellow) after the
application of 24-V input (Red) with each output loaded to 100 mA.

5 V/div, 5 ms/div, 750 MHz BWL

Figure 4-2. Output Voltage Start-up Waveform
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The following waveform shows the total rectified secondary output voltage start-up waveform (Blue) after the
application of 24-V input (Red) with each output loaded to 0 mA.

5 V/div, 5 ms/div, 750 MHz BWL

Figure 4-3. Total Rectified Secondary Output Voltage Start-up Waveform

The following waveform shows the total rectified secondary output voltage start-up waveform (Blue) after the
application of 24-V input (Red) with each output loaded to 100 mA.

5 V/div, 5 ms/div, 750 MHz BWL

Figure 4-4. Total Rectified Secondary Output Voltage Start-up Waveform
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4.2 Switch Node
The following waveform shows the primary-side switch node voltage (Red) at TP5 and the total rectified
secondary output voltage (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are loaded to 0
mA each.

5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-5. Primary-Side Switch Node Voltage and Total Rectified Secondary Output Voltage

The following waveform shows the primary-side switch node voltage (Red) at TP5 and the total rectified
secondary output voltage (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are loaded to 100 mA
each.

5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-6. Primary-Side Switch Node Voltage and Total Rectified Secondary Output Voltage
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The following waveform shows the primary-side switch node voltage (Red) at TP5 and the total rectified
secondary output voltage (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are loaded to 200 mA
each.

5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-7. Primary-Side Switch Node Voltage and Total Rectified Secondary Output Voltage

The following waveform shows the primary-side switch node voltage (Red) at TP5 and the total rectified
secondary output voltage (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are loaded to 300 mA
each.

5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-8. Primary-Side Switch Node Voltage and Total Rectified Secondary Output Voltage
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The following waveform shows the voltage at the middle of the input capacitor divider at C2 and C9 (Red) and
the secondary rectified voltage across C3 (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are
loaded to 100 mA each.

C2/C9: 2 V/div, C3: 5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-9. Input Capacitor Divider Voltage and Secondary Rectified Voltage

The following waveform shows the voltage at the middle of the input capacitor divider at C2 and C9 (Red) and
the secondary rectified voltage across C3 (Blue). The input voltage is 24 V and the 20-V and –4-V outputs are
loaded to 300 mA each.

C2/C9: 2 V/div, C3: 5 V/div, 200 ns/div, 750 MHz BWL

Figure 4-10. Input Capacitor Divider Voltage and Secondary Rectified Voltage
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4.3 Output Voltage Ripple
The following waveform shows the 20-V output ripple voltage (AC coupled) measured across C4. The input
voltage is 24 V and the 20-V and –4-V outputs are loaded to 100 mA each.

20 mV/div, 200 ns/div, 20 MHz BWL

Figure 4-11. Output Ripple Voltage, 20 V (AC Coupled)

The following waveform shows the 20-V output ripple voltage (AC coupled) measured across C4. The input
voltage is 24 V and the 20-V and –4-V outputs are loaded to 300 mA each.

20 mV/div, 200 ns/div, 20 MHz BWL

Figure 4-12. Output Ripple Voltage, 20 V (AC Coupled)
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The following waveform shows the –4-V output ripple voltage (AC coupled) measured across C5. The input
voltage is 24 V and the 20-V and –4-V outputs are loaded to 100 mA each.

20 mV/div, 200 ns/div, 20 MHz BWL

Figure 4-13. Output Ripple Voltage, –4 V (AC Coupled)

The following waveform shows the –4-V output ripple voltage (AC coupled) measured across C5. The input
voltage is 24 V and the 20-V and –4-V outputs are loaded to 300 mA each.

20 mV/div, 200 ns/div, 20 MHz BWL

Figure 4-14. Output Ripple Voltage, –4 V (AC Coupled)
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4.4 Load Transients
The total rectified secondary output voltage (AC coupled) is shown in Red in the following waveform for a load
step (Green) from 100 mA to 175 mA with the input voltage at 24 V. The load current is sourced from the 20 V
directly to the –4 V with no COM connection.

1 V/div, 100 mA/div, 200 µs/div

Figure 4-15. Total Rectified Secondary Output Voltage (AC Coupled)

The total rectified secondary output voltage (AC coupled) is shown in Red in the following waveform for a load
step (Green) from 175 mA to 100 mA with the input voltage at 24 V. The load current is sourced from the 20 V
directly to the –4 V with no COM connection.

1 V/div, 100 mA/div, 200 µs/div

Figure 4-16. Total Rectified Secondary Output Voltage (AC Coupled)
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