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Test Report: PMP30826 

Offline Supercapacitor Backup Power Supply With Active 
Cell Balancing Reference Design 

Description 

This reference design provides a backup voltage during a power interruption. It manages the charging 
of supercapacitors directly from the mains voltage (96 VAC - 272 VAC). The UCC28740 provides 
constant-voltage (CV) and constant-current (CC) output regulation. The supercapacitor capacitance 
and voltage define the energy that is available for the backup. 
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1 Test Prerequisites 

1.1 Voltage and Current Requirements 

Table 1. Voltage and Current Requirements 

PARAMETER SPECIFICATIONS 

Input Voltage 96VAC – 552VAC 

Output Voltage 4V 

Output current 0.75A continuous; 3A peak 
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2 Testing and Results 

2.1 Thermal Images 

The images below show the infrared images taken from the FlexCam after 10min. 

Input voltage = 230VAC 
Load current = 0.75A 
No airflow 
Top Side 

_1799 230VAC Iload=750mA Top.is2 

Name 
Temperatur

e 
Mosfet Q5 45.0°C 

Transformer T1 49.6°C 

Diode D3 50.0°C 

Input voltage = 96VAC 
Load current = 0.75A 
No airflow 
Top Side 

_1800 96VAC Iload=750mA Top.is2 

Name 
Temperatur

e 
Mosfet Q5 40.6°C 

Transformer T1 45.6°C 
Diode D3 48.4°C 



www.ti.com 

4 Offline Supercapacitor Backup Power Supply With Active Cell Balancing Reference Design TIDT170 - March 2020
Copyright © 2020, Texas Instruments Incorporated 

Input voltage = 273VAC 
Load current = 0.75A 
No airflow 
Top Side 

_1801 273VAC Iload=750mA Top.is2 

Name 
Temperatur

e 
Mosfet Q5 44.4°C 

Transformer T1 44.2°C 

Diode D3 48.0°C 

Input voltage = 273VAC 
Load current = 0.75A 
No airflow 
Bottom Side 

_1803 230VAC Iload=750mA Bottom.is2 

Name 
Temperatur

e 
Snubber D2 49.8°C 

Recitifier D1 31.8°C 
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2.2 Efficiency Data 
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3 Waveforms 

3.1 Switchnode Voltage 

Input voltage = 600VDC 
Load current = 0.75A 

Input voltage = 600VDC 
Load current = 3A 
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3.2 Secondary side Switchnode 

Input voltage = 600VDC 
Load current = 0.75A 

Input voltage = 600VDC 
Load current = 3A 
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Input voltage = 400VDC 
Load current = 0A 

Input voltage = 400VDC 
Load current = 0.75A 
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Input voltage = 400VDC 
Load current = 3A 
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3.3 Other 

3.3.1 Supercap Voltage Balance 

Input voltage = 230VAC 
Load current = 0.75A 

3.3.2 Supercap charging (Startup) 

Input voltage = 230VAC 
Load current = 0A 
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Input voltage = 230VAC 
Load current = 0.75A 

Input voltage = 230VAC 
Load current = 1A 



www.ti.com 

12 Offline Supercapacitor Backup Power Supply With Active Cell Balancing Reference Design TIDT170 - March 2020
Copyright © 2020, Texas Instruments Incorporated 

3.3.3 Supercap discharging (Shutdown) 

Input voltage = 230VAC 
Load current = 0.75A 
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3.4 Control Loop Gain and Stability 

Input Voltage = 96VAC 
Load = 2.5A 
Bandwidth = 0.88kHz 
Phase Margin = 135° 

Input Voltage = 230VAC 
Load = 2.5A 
Bandwidth = 0.93kHz 
Phase Margin = 135° 

Input Voltage = 273VAC 
Load = 2.5A 
Bandwidth = 0.63kHz 
Phase Margin = 130° 
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Input Voltage = 96VAC 
Load = 3A 
Bandwidth = 0.44kHz 
Phase Margin = 124° 

Input Voltage = 230VAC 
Load = 3A 
Bandwidth = 1.6kHz 
Phase Margin = 137° 

Input Voltage = 273VAC 
Load = 3A 
Bandwidth = 2.0kHz 
Phase Margin = 132° 
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3.5 Load Transients 

Input voltage = 96VAC 
Load step = 0A to 3A 

Input voltage = 273VAC 
Load step = 0A to 3A 



www.ti.com 

16 Offline Supercapacitor Backup Power Supply With Active Cell Balancing Reference Design TIDT170 - March 2020
Copyright © 2020, Texas Instruments Incorporated 

3.6 Input ripple Voltage 

Input voltage = 96VAC 
Load current = 0.75A 

Input voltage = 96VAC 
Load current = 3A 
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3.7 Output Ripple Voltage 

Input voltage = 230VAC 
Load current = 0A 

Input voltage = 230VAC 
Load current = 0.75A 
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Input voltage = 230VAC 
Load current = 3A 
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