
Test Report: PMP22339
High-Voltage, 800-W SEPIC Converter Reference Design 
for Server Battery Backup Charging

1 Description
This Discontinuous Conduction Mode (DCM), non-isolated, 800-W SEPIC converter battery charger provides 
an adjustable output voltage and current. The output voltage can be adjusted from 282 V to 400 V by setting 
an external DC voltage between 0 V to 3 V. The output charging current can be adjusted between 0 A to 2 
A by adjusting the duty cycle of a PWM input. It operates over an input voltage range of 340 Vdc–420 Vdc. 
Independent voltage and current feedback loops are used to maintain regulation.

Figure 1-1. Top Photo
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Figure 1-2. Bottom Photo
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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 340 V–420 V, after > 335-V startup

Output voltage 282 V–400 V, (CHG VSET DAC = 0 Vdc–3 Vdc)

Output current 0 A–2 A, (CHG ISET DAC = 0% to 100%, 100 kHz, 2.5 V)

Switching frequency 100 kHz

Isolation No

2.2 Required Equipment
• Li-Ion batteries or load (active or resistive), 400 V, 2 A, 800 W minimum
• Input source power supply, adjustable, 0 V–500 V, 1000 W, 3 A minimum
• Oscilloscope and high-voltage probes
• Digital multimeters
• 12-V bias supplies, 100 mA minimum
• Function generator, adjustable frequency, amplitude and duty cycle
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3 Testing and Results
3.1 Thermal Images
The following images show the operating temperature of the board with 400-Vdc input and 400 V at 2-A output at 
room temperature with approximately 200 LFM to 400 LFM of air flow.

Figure 3-1. Front Thermal Image

Measurement Location Temperature (°C)
Sp1 75.6

Sp2 37.1
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Figure 3-2. Top Thermal Image

Measurement Location Temperature (°C)
Sp1 75.9

Sp2 47.6

Sp3 29.2
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3.2 Efficiency and Power Dissipation Graph
This graph displays the efficiency and power dissipation of the converter at three different input and output 
voltage conditions.

Figure 3-3. Efficiency and Power Dissipation Graph
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3.3 Efficiency and Power Dissipation Data

Figure 3-4. Efficiency and Power Dissipation at VIN = 400 Vdc, VOUT = 400 Vdc
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Figure 3-5. Efficiency and Power Dissipation at VIN = 420 Vdc, VOUT = 350 Vdc
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Figure 3-6. Efficiency and Power Dissipation at VIN = 380 Vdc, VOUT = 400 Vdc
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3.4 Current Regulation
This graph displays the measured output current versus CHG ISET DAC at an input voltage of 400 Vdc. A PWM 
signal is provided at J8 with a frequency of 100 kHz, an amplitude of 2.5 V, and a duty cycle varying between 
0% and 100%. A constant resistance mode load of 200 Ω is used and VOUT is allowed to vary with the current 
control.

Figure 3-7. CHG ISET DAC Accuracy Curve
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Figure 3-8. CHG ISET DAC Accuracy Table

3.5 Voltage Regulation
This graph displays the measured output voltage versus CHG VSET DAC at an input voltage of 400 Vdc. A DC 
voltage ranging from 0 V–3 V is applied at J6 and a constant resistance mode load is used with the resistance 
equal to VOUT ideal at each setpoint.

Figure 3-9. CHG VSET DAC Accuracy Curve
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Figure 3-10. CHG VSET DAC Accuracy Table
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4 Waveforms
4.1 Start-up
The following figures show the output voltage start-up waveform (YELLOW), the ENABLE waveform (BLUE), 
and the output current waveform (RED) under two different output conditions.

Figure 4-1. VIN = 400 V and VOUT = 400 V at 2 A. Resistive Load (VOUT: 100 V/DIV, ENABLE: 5 V/DIV, IOUT: 2 
A/DIV, 400 ms/DIV, BWL = 20 MHz)
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Figure 4-2. VIN = 400 V and VOUT = 400 V at 40 mA. Resistive Load (VOUT: 100 V/DIV, ENABLE: 5 V/DIV, 
IOUT: 100 mA/DIV, 400 ms/DIV, BWL = 20 MHz)
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4.2 Switch Node
The following figures show the FET switch node voltage (YELLOW) at TP7 under various input and output 
conditions.

Figure 4-3. VIN = 420 V and VOUT = 350 V at 2 A.
Resistive Load (VOUT: 250 V/DIV, 2 µs/DIV, BWL = 800 MHz)
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Figure 4-4. VIN = 420 V and VOUT = 400 V at 2 A.
Resistive Load (VOUT: 250 V/DIV, 2 µs/DIV, BWL = 800 MHz)

Figure 4-5. VIN = 400 V and VOUT = 400 V at 2 A.
Resistive Load (VOUT: 250 V/DIV, 2 µs/DIV, BWL = 800 MHz)
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Figure 4-6. VIN = 400 V and VOUT = 400 V at 70 mA.
Resistive Load (VOUT: 250 V/DIV, 2 µs/DIV, BWL = 800 MHz)

Figure 4-7. VIN = 340 V and VOUT = 400 V at 2 A.
Resistive Load (VOUT: 250 V/DIV, 2 µs/DIV, BWL = 800 MHz)
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The following figure shows the FET switch node rise time of 22.8 ns at TP7.

Figure 4-8. VIN = 400 V and VOUT = 400 V at 2 A.
Resistive Load (VOUT: 250 V/DIV, 40 ns/DIV, BWL = 800 MHz)
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4.3 Output Voltage Ripple
The output ripple voltage is shown in the following figure. The ripple was measured tip and barrel across ceramic 
output capacitors C10 and C14.

Figure 4-9. VIN = 400 V and VOUT = 400 V at 2 A. Resistive Load (VOUT: 2.5 V/DIV, 10 µs/DIV, BWL = 20 MHz)
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4.4 Current Loop to Voltage Loop Transition
The following figure shows the transition between the current loop control mode and the voltage loop control 
mode.

In the beginning state, the board is set to 1 A of output current and 400 V of output voltage. The resistive load 
is set to 270 Ω. In this state, the load is attempting to draw more current than the 1 A current limit allows. This 
means that the output voltage is limited to 270 V and the current loop is in control.

In the end state, the board output current setting is changed from 1 A to 2 A. The increased current limit is more 
than the current draw of the load. This allows the output voltage to rise up to the commanded 400 V and the 
voltage control loop takes over.

Figure 4-10. VIN = 400 V, VOUT = 400 V. Resistive Load = 270 Ω (VOUT: 100 V/DIV, IOUT: 1 A/DIV, 40 ms/DIV, 
BWL = 20 MHz)
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4.5 Voltage Loop to Current Loop Transition
The following figure shows the transition between the voltage loop control mode and the current loop control 
mode.

In the beginning state, the board is set to 440 mA of output current and 282 V of output voltage. The resistive 
load is set to 800 Ω. In this state, the load is drawing less current than the 440 mA current limit. This means that 
the output voltage is regulated at 282 V and the voltage loop is in control.

In the end state, the board output voltage setting is changed from 282 V to 400 V. The current control loop limits 
the output current to 440 mA and the output voltage is limited to less than 400 V.

Figure 4-11. VIN = 400 V, IOUT = 0.44 A. Resistive Load = 800 Ω (VOUT: 100 V/DIV, IOUT: 500 mA/DIV, 400 
ms/DIV, BWL = 20 MHz)
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4.6 Bias Voltage Start-up
This board uses +18 V (BLUE), +12 V (RED), and –5 V (GREEN) bias rails to operate. The following figure 
shows the start-up behaviors of the +18 V, –5 V, and EN-drv (YELLOW) signals when the external 12-V bias is 
applied at J4. The start-up speed of the bias rails is determined by the start-up speed of the external 12-V bias.

Figure 4-12. (+18 V: 5 V/DIV, +12 V: 5 V/DIV, –5 V: 5 V/DIV, EN-drv: 5 V/DIV, 200 ms/DIV, BWL = 20 MHz)
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4.7 Bias Voltage Switch Nodes
The +18-V and –5-V rails are converted from an external 12-V bias signal. The following figures show the 
switching behaviors of these bias converters.

Figure 4-13. +18 V Boost Converter Switch Node at TP9, VIN = 400 V and VOUT = 400 V at 2 A (5 V/DIV, 200 
ns/DIV, BWL = 800 MHz)
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Figure 4-14. –5 V Inverting Buck-Boost Converter Switch Node at TP17, VIN = 400 V and VOUT = 400 V at 2 
A (5 V/DIV, 200 ns/DIV, BWL = 800 MHz)
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4.8 Output Current Sense Signal
The average of the MB CHG ISNS signal (on TP1) can be used to monitor the output current of the power 
supply. The following figures show the signal shape for varying output conditions.

Figure 4-15. VIN = 400 V, VOUT = 400 V, IOUT = 2 A.
I_mean = 2.03 V (500 mV/DIV, 4 µs/DIV, BWL = 20 MHz)
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Figure 4-16. VIN = 400 V, VOUT = 400 V, IOUT = 500 mA.
I_mean = 511 mV (500 mV/DIV, 4 µs/DIV, BWL = 20 MHz)

Figure 4-17. VIN = 400 V, VOUT = 400 V, IOUT = 100 mA.
I_mean = 107 mV (500 mV/DIV, 4 µs/DIV, BWL = 20 MHz)
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