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Test Report: PMP22155 

High Voltage Inverting Buck-Boost Converter Reference 
Design for ADAS Applications 

Description 

This non-isolated design supplies an adjustable output voltage between -150V and -250V at 10mA for LIDAR 
applications. It operates over an automotive input voltage range of 6V - 40V and accepts a control voltage from 
0V to 3V for output voltage adjustment. Utilizing a single inductor and operating in Discontinuous Conduction 
Mode (DCM), this converter offers a compact form factor and low cost.   
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1 Test Prerequisites 

1.1 Voltage and Current Requirements 

Table 1. Voltage and Current Requirements 

PARAMETER SPECIFICATIONS 

Input voltage range 6V - 40V 

Output voltage and current -150V to -250V @ 10mA maximum

Control voltage range 0V to 3V 

Switching frequency 250kHz 

Isolation No 

1.2 Required Equipment 

 Resistive load (resistor decade box), 2.5W minimum

 Power supply, adjustable, 50V and 1A

 Power supply (for control), adjustable, 5V and 10mA

 Oscilloscope and probes

 Digital Multimeters

 Stability measurement device (Venable)
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2 Testing and Results 

2.1 Thermal photos 

This thermal image shows the operating temperature of the board with 12V input and the output voltage set to 
-250V @ 10mA loads at room temperature and no air flow.
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This thermal image shows the operating temperature of the board with 12V input and the output voltage set to 
-150V @ 10mA loads at room temperature and no air flow.
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2.2 Efficiency and Power Dissipation Graphs 

This graph displays the efficiency and power dissipation of the converter at 12V input. The control voltage was set 
to 0V, 1V, 2V and 3V to set the output to -150V, -183V, -217V and -250V, respectively. 

2.2.1 Efficiency and Power Dissipation Data 
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2.3 Vcontrol-to-output voltage linearity graph 

This graph displays the measured output voltage when Vcontrol is varied between 0V to 3V. The converter was 
set to 12V input and the output was loaded to 10mA. 

2.3.1 Vcontrol-to-output voltage linearity data 
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2.4 Loop Gain 

The plot below shows the converter’s loop gain and phase margin when loaded to -250V @ 10mA. 
Vin = 6V Band Width = 1.96KHz Phase Margin = 89.0 degrees 
Vin = 12V Band Width = 2.72KHz Phase Margin = 88.6 degrees 
Vin = 40V Band Width = 4.64KHz Phase Margin = 80.4 degrees 

The plot below shows the converter’s loop gain and phase margin when loaded to -150V @ 10mA. 
Vin = 6V Band Width = 2.07KHz Phase Margin = 88.8 degrees 
Vin = 12V Band Width = 2.54KHz Phase Margin = 86.7 degrees 
Vin = 40V Band Width = 4.21KHz Phase Margin = 83.1 degrees 
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The plot below shows the converter’s loop gain and phase margin when loaded to 2mA and Vin = 12V. 
Vout = -250V  Band Width = 1.66KHz Phase Margin = 82.2 degrees 
Vout = -150V  Band Width = 2.04KHz Phase Margin = 81.2 degrees 
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3 Waveforms 

3.1 Startup 

The photo below shows the output voltage startup waveform after the application of 12V input with the -250V 
output loaded to 0A. (VOUT: 100V/DIV, 5mS/DIV), (Vin: 10V/DIV) 

The photo below shows the output voltage startup waveform after the application of 12V input with the -250V 
output loaded to 10mA (25K ohm resistive load). (VOUT: 100V/DIV, 5mS/DIV), (Vin: 10V/DIV) 
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The photo below shows the output voltage startup waveform after the application of 12V input with the -150V 
output loaded to 0A. (VOUT: 50V/DIV, 5mS/DIV), (Vin: 10V/DIV) 

The photo below shows the output voltage startup waveform after the application of 12V input with the -150V 
output loaded to 10mA (15K ohm resistive load). (VOUT: 50V/DIV, 5mS/DIV), (Vin: 10V/DIV) 
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3.2 Switch Node 

The photo below shows the FET switch node voltage at TP4. The input voltage is 6V and the -250V output is 
loaded to 10mA (25K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 12V and the -250V output is 
loaded to 10mA (25K ohm resistive load).   (20V/DIV, 1uS/DIV) 
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The photo below shows the FET switch node voltage at TP4. The input voltage is 40V and the -250V output is 
loaded to 10mA (25K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 6V and the -250V output is 
loaded to 1mA (250K ohm resistive load).   (20V/DIV, 1uS/DIV) 
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The photo below shows the FET switch node voltage at TP4. The input voltage is 12V and the -250V output is 
loaded to 1mA (250K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 40V and the -250V output is 
loaded to 1mA (250K ohm resistive load). Pulse skipping (20V/DIV, 5uS/DIV) 
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The photo below shows the FET switch node voltage at TP4. The input voltage is 6V and the -150V output is 
loaded to 10mA (15K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 12V and the -150V output is 
loaded to 10mA (15K ohm resistive load).   (20V/DIV, 1uS/DIV) 
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The photo below shows the FET switch node voltage at TP4. The input voltage is 40V and the -150V output is 
loaded to 10mA (15K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 6V and the -150V output is 
loaded to 1mA (150K ohm resistive load).   (20V/DIV, 1uS/DIV) 
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The photo below shows the FET switch node voltage at TP4. The input voltage is 12V and the -150V output is 
loaded to 1mA (150K ohm resistive load).   (20V/DIV, 1uS/DIV) 

The photo below shows the FET switch node voltage at TP4. The input voltage is 40V and the -150V output is 
loaded to 1mA (150K ohm resistive load). Pulse skipping (20V/DIV, 5uS/DIV) 
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3.3 Output Voltage Ripple 

The output ripple voltage (AC coupled) is shown in the figure below. The input voltage is 12V and the -250V 
output is loaded to 10mA. (VOUT: 1V/DIV, 2uS/DIV) 

The output ripple voltage (AC coupled) is shown in the figure below. The input voltage is 12V and the -250V 
output is loaded to 1mA. (VOUT: 200mV/DIV, 2uS/DIV) 
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The output ripple voltage (AC coupled) is shown in the figure below. The input voltage is 12V and the -150V 
output is loaded to 10mA. (VOUT: 1V/DIV, 2uS/DIV) 

The output ripple voltage (AC coupled) is shown in the figure below. The input voltage is 12V and the -150V 
output is loaded to 1mA. (VOUT: 200mV/DIV, 2uS/DIV) 



www.ti.com 

20 High Voltage Inverting Buck-Boost Converter Reference Design for ADAS Applications TIDT152 - January 2020
Copyright © 2020, Texas Instruments Incorporated 

3.4 Load Transients 

The photo below shows the -250V output voltage (AC coupled) when the load current is stepped between 5mA 
and 10mA. Vin = 12V. Current waveform digitally filtered to remove noise.  (2V/DIV, 10mA/DIV, 5mS/DIV) 

The photo below shows the -150V output voltage (AC coupled) when the load current is stepped between 5mA 
and 10mA. Vin = 12V. Current waveform digitally filtered to remove noise.  (2V/DIV, 10mA/DIV, 5mS/DIV) 
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3.5 Vcontrol-to-output voltage response 

The photo below shows the output voltage transition between -150V and -250V when the Vcontrol voltage is 
stepped between 0V and 3V. Vin = 12V and 25K ohm load resistor. (1V/DIV, 100V/DIV, 1mS/DIV) 
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