
Test Report: PMP22606
Universal AC Input, 390-V, 1-kW CCM Boost Power Factor 
Regulator Reference Design

Description
This reference design uses the UCC28180 continuous 
conduction mode (CCM) power factor correction 
(PFC) controller to generate a 390-V, 1-kW output 
from a universal AC input. Additionally, the UCC28880 
converter is used as bias supply in this design. Over 
95% peak efficiency is achieved at 120-VAC, 60-Hz 
input and over 97% efficiency is achieved at 230-VAC, 
50-Hz input.

Features
• Continuous conduction mode boost power factor 

regulator
• 130-kHz switching frequency
• 95% peak efficiency at 120 VAC, 60 Hz
• 97% peak efficiency at 230 VAC, 50 Hz
• Conduction EMI test result included

Applications
• Appliances: battery charger
• Industrial AC-DC
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1 Efficiency and Power Factor
The efficiency curves of total supply are shown in the following tables and graphs. Efficiency tests are performed 
with natural airflow.
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1.1 Graph Results

Figure 1-1. 120 VAC, 60 Hz

Figure 1-2. 230 VAC, 50 Hz
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2 Thermal Images
The thermal images in this section show top and bottom views of the board. All images were taken after 20 
minutes of operation.

2.1 Thermal Test With Natural Convection (120 VAC, 60 Hz, 384 V at 1.88-A Output)

Figure 2-1. Top of the Board 

Figure 2-2. Bottom of the Board
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2.2 Thermal Test With Forced Air Flow (120 VAC, 60 Hz, 385 V at 2.6-A Output)

Figure 2-3. Test Setup (Around 4.5 W Electrical Power per fan, 2 fans in total)

Figure 2-4. Top of the Board
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Figure 2-5. Bottom of the Board

2.3 Thermal Test With Natural Convection (230 VAC, 50 Hz, 385 V at 2.6-A output)

Figure 2-6. Top of the Board
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Figure 2-7. Bottom of the Board
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3 Start-up
The voltages and current at start-up are shown at the following images. TI recommends start-up at low load
(< 300 W) but not at no load.

C1 = VIN, C2 = VOUT, C3 = 15-V Bias, C4 = IIN

Figure 3-1. 120 VAC, 60 Hz – Full Load on J100

C1 = VIN, C2 = VOUT, C3 = 15-V Bias, C4 = IIN

Figure 3-2. 230 VAC, 50 Hz – Full Load on J100
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4 Turn-off
The voltage and current at turn-off are illustrated in the following images.

C1 = VIN, C2 = VOUT, C3 = 15-V Bias, C4 = IIN

Figure 4-1. 120 VAC, 60 Hz – Full Load on J100

C1 = VIN, C2 = VOUT, C3 = 15-V Bias, C4 = IIN

Figure 4-2. 230 VAC, 50 Hz – Full Load on J100

www.ti.com Turn-off

TIDT213 – MARCH 2023
Submit Document Feedback

Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator 
Reference Design

9

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606


5 Output Voltage Ripple
This section illustrates the AC-coupled output voltage ripple waveforms for C103.

C1 = VIN, C3 = VOUT, C4 = IIN

Figure 5-1. 120 VAC, 60 Hz – Full Load on J100

C1 = VIN, C3 = VOUT, C4 = IIN

Figure 5-2. 230 VAC, 50 Hz – Full Load on J100
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6 Transient Response
The following waveforms illustrate the transient response for this reference design.

C1 = VOUT, C4 = IOUT

Figure 6-1. 120 VAC, 60 Hz – 1.1-A to 2.1-A Load Transient

C1 = VOUT, C4 = IOUT

Figure 6-2. 230 VAC, 50 Hz – 1.1-A to 2.1-A Load Transient
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7 Key Waveform
The following images illustrate the key waveforms for this reference design.

C1 = VIN, C4 = IIN

Figure 7-1. 120 VAC, 60 Hz, 1000 W

C1 = VIN, C4 = IIN

Figure 7-2. 230 VAC, 50 Hz, 1000 W
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Figure 7-3. Q100 at 1000 W From J100, 120 VAC, 60 Hz

C1 = VDS, C4 = IIN

C1 = VDS, C4 = IIN

Figure 7-4. Q100 at 1000 W From J100, 230 VAC, 50 Hz
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C1 = D108 Voltage

Figure 7-5. D108 at 1000 W From J100, 120 VAC, 60 Hz

C1 = D108 Voltage

Figure 7-6. D108 at 1000 W From J100, 230 VAC, 50 Hz
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8 Conducted Emission
The conducted emission graphs are illustrated in the following images.

Figure 8-1. 120 VAC, 60-Hz Input at Around 0.85-A Output, Line (Trace 1 = Quasi-Peak, Trace 2 = Average)

Figure 8-2. 120 VAC, 60-Hz Input at Around 0.85 A-Output, Neutral (Trace 1 = Quasi-Peak, Trace 2 = 
Average)

www.ti.com Conducted Emission

TIDT213 – MARCH 2023
Submit Document Feedback

Universal AC Input, 390-V, 1-kW CCM Boost Power Factor Regulator 
Reference Design

15

Copyright © 2023 Texas Instruments Incorporated

https://www.ti.com
https://www.ti.com/lit/pdf/TIDT213
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDT213&partnum=PMP22606


Figure 8-3. 230 VAC, 50-Hz Input at Around 0.85-A Output, Line (Trace 1 = Quasi-Peak, Trace 2 = Average)

Figure 8-4. 230 VAC, 50-Hz Input at Around 0.85-A Output, Neutral (Trace 1 = Quasi-Peak, Trace 2 = 
Average)
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