Test Report: PMP31361

Automotive Inverting Buck-Boost Reference Design with

Adjustable Output

Description

This reference design showcases the LM67640-Q1
in a synchronous, inverting buck-boost converter
configuration generating an adjustable negative
output voltage between -8V and -12V with an output
current up to 1.7A from the 12V car battery. The
nominal input voltage range is 6V to 18V, but the
circuit also works under load dump conditions. The
LM67640-Q1 comes with integrated level shifters,
which help to simplify the design. In addition,

the reference design offers four different ways to
externally adjust the output voltage.

Resources

PMP31631 Design Folder
LM67640-Q1 Product Folder
TPS709-Q1 Product Folder
SN74LVC1G17 Product Folder
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Features

Provides tightly regulated and adjustable negative
output voltage rail for automotive applications such
as OLED displays

Integrated level-shifters simplify design of this
inverting buck-boost converter

Low input ripple due to symmetrical pinout and
layout

Design comes with four voltage injection options to
adjust the output voltage

Design can also be used with LM67660/80-Q1 for
higher output currents

Applications

Automotive cluster display
Automotive display module
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1 Test Prerequisites

1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements

Switching Frequency

PARAMETER SPECIFICATIONS
Input Voltage Range 6V to 18V (42V peak)
Adjustable Output Voltage -8V to -12V
Maximum Output Current 1.7A
400kHz

1.2 Considerations

For PMP31361 the non-automotive SN74LVC1G17DRLR has been used. There is an automotive
SN74LVC1G17-Q1 available which does not match the footprint on the PMP31361RevB board.

1.3 Dimensions

The outline of the 4-layer board is 63mm x 63mm. The copper thickness is 35um on each layer.
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2 Testing and Results
2.1 Efficiency Graphs
2.1.1 -8V Output Voltage
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Figure 2-1. Efficiency and Loss versus Output Current for -8Vgyt
2.1.2 -12V Output Voltage
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Figure 2-2. Efficiency and Loss versus Output Current for -12Vgyt
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2.2 Efficiency Data
2.2.1 -8V Output Voltage
2.2.1.1 Input Voltage Setting: 6V
Table 2-1. Efficiency Data for -8Vgyt and 6V|y
Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
6.008 2.550 15.319 -7.954 1.698 13.506 1.813 88.2
6.006 2.052 12.326 -7.966 1.394 11.105 1.222 90.1
6.018 1.581 9.511 -7.978 1.093 8.716 0.795 91.6
6.002 1.160 6.964 -7.986 0.807 6.442 0.521 92,5
6.008 0.722 4.339 -7.990 0.502 4.013 0.326 92,5
6.007 0.304 1.824 -8.001 0.201 1.604 0.220 88.0
2.2.1.2 Input Voltage Setting: 12V
Table 2-2. Efficiency Data for -8Vgyt and 12V)y
Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
12.020 1.211 14.553 7.990 1.700 13.583 0.970 93.3
12.050 0.988 11.905 7.990 1.395 11.146 0.759 93.6
12.030 0.774 9.311 7.996 1.093 8.740 0.571 93.9
12.050 0.573 6.905 8.000 0.807 6.458 0.446 93.5
12.060 0.362 4.369 8.007 0.503 4.027 0.343 92.2
12.080 0.151 1.818 8.011 0.201 1.609 0.209 88.5
2.2.1.3 Input Voltage Setting: 18V
Table 2-3. Efficiency Data for -8Voyt and 18V\y
Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
18.010 0.805 14.491 7.993 1.699 13.580 0.911 93.7
18.020 0.660 11.888 7.993 1.395 11.150 0.738 93.8
18.000 0.520 9.351 7.998 1.093 8.740 0.611 93.5
18.010 0.388 6.981 8.000 0.807 6.457 0.524 92.5
18.030 0.247 4.450 8.008 0.503 4.025 0.425 90.4
18.040 0.101 1.815 8.014 0.201 1.608 0.206 88.6

Automotive Inverting Buck-Boost Reference Design with Adjustable Output

SLVT232A — NOVEMBER 2025 — REVISED JANUARY 2026
Submit Document Feedback

Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLVT232
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVT232A&partnum=PMP31361

13 TEXAS

INSTRUMENTS

www.ti.com

Testing and Results

2.2.2 -12V Output Voltage

2.2.2.1 Input Voltage Setting: 6V

Table 2-4. Efficiency Data for -12Vgyt and 6V|y

Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
6.014 4.019 24.170 11.901 1.696 20.184 3.986 83.5
6.033 3.151 19.008 11.964 1.392 16.654 2.354 87.6
6.030 2.406 14.509 11.973 1.092 13.072 1.437 90.1
6.032 1.749 10.549 11.977 0.806 9.655 0.895 91.5
6.021 1.086 6.539 11.981 0.502 6.011 0.529 91.9
6.029 0.451 2.721 11.990 0.200 2.397 0.324 88.1
2.2.2.2 Input Voltage Setting: 12V
Table 2-5. Efficiency Data for -12Vgyt and 12V
Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%)]
11.990 1.824 21.875 11.890 1.696 20.165 1.709 92.2
12.040 1.483 17.860 11.890 1.392 16.551 1.309 92.7
12.020 1.163 13.973 11.890 1.092 12.982 0.992 92.9
12.060 0.858 10.349 11.890 0.806 9.585 0.764 92.6
12.070 0.544 6.571 11.900 0.502 5.970 0.601 90.9
12.080 0.229 2.766 11.900 0.200 2.380 0.386 86.0
2.2.2.3 Input Voltage Setting: 18V
Table 2-6. Efficiency Data for -12Vgyt and 18V
Input Output
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
18.040 1.199 21.630 11.900 1.696 20.182 1.448 93.3
18.040 0.984 17.759 11.900 1.392 16.565 1.194 93.3
18.030 0.774 13.952 11.900 1.092 12.992 0.959 93.1
18.050 0.576 10.402 11.900 0.806 9.593 0.810 92.2
18.070 0.370 6.679 11.900 0.502 5.970 0.708 89.4
18.090 0.153 2.770 11.900 0.200 2.379 0.391 85.9
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2.3 Load Regulation
2.3.1 -8V Output Voltage
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Figure 2-3. Output Voltage versus Output Current for -8Vgyt
2.3.2 -12V Output Voltage
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Figure 2-4. Output Voltage versus Output Current for -12Vgyt
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2.4 Thermal Image

50.7 °C
50.0
-45.0
: 40.0
-35.0
30.0
-25.0
23.6 °C
Figure 2-5. Thermal Image at 12V, 1.7AouT: -8Vout
Table 2-7 associates the image markers with the components in Figure 2-5.
Table 2-7. Thermal Image Markers
Marker No. Component Temp. [°C]
M1 U1 50.7
M2 L1 49.4
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2.5 Bode Plots
2.5.1 -8V Output Voltage
Table 2-8. Summary for Measurements with -8Voyt
Input Voltage 6V 12V 18V
Bandwidth (kHz) 2.64 4.07 4.7
Phasemargin 77.9° 81° 82°
slope (20dB / decade) -0.98 -0.99 -1.02
gain margin (dB) -14.8 -19.4 -21.3
slope (20dB/ decade) -0.36 0.61 -0.77
freq (kHz) 2717 47.3 59.7
2.5.1.1 6V Input Voltage
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Figure 2-6. Bode Plot at 6V |y, -8VoyT and 1.7AgyT
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2.5.1.2 12V Input Voltage
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Figure 2-7. Bode Plot at 12V, -8Voyt and 1.7Aoyt
2.5.1.3 18V Input Voltage
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Figure 2-8. Bode Plot at 18V|N, '8VOUT and 1'7AOUT
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2.5.2 -12V Output Voltage
Table 2-9. Summary for measurements with -12Vgyt
Input Voltage 6V 12V 18V
Bandwidth (kHz) 1.71 4.06 4.96
Phasemargin 78.9° 80.7° 81.4°
slope (20dB / decade) -0.83 -1.01 -1.01
gain margin (dB) -17.2 -18.7 -20.4
slope (20dB/ decade) -0.31 -0.32 -0.62
freq (kHz) 27.7 51.8 62.7
2.5.2.1 6V Input Voltage
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Figure 2-9. Bode Plot at 6V|N, -1 2VOUT and 1'7AOUT
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2.5.2.2 12V Input Voltage
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Figure 2-10. Bode Plot at 12V|y, -12Voyt and 1.7Aqoyt
2.5.2.3 18V Input Voltage
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Figure 2-11. Bode Plot at 18V, -12Voyt and 1.7Aoyt
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3 Waveforms
3.1 Switching
3.1.1 -8V Output Voltage
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Figure 3-1. Switching at -8Vgyr, 18V|N, 1.7A0uT (5V / div, 1ps / div)
3.1.2 -12V Output Voltage
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Figure 3-2. Switching at -12Vgyt, 18V|N, 1.7A0uT (5V / div, 1ps / div)
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3.2 Output Voltage Ripple
3.2.1 -8V Output Voltage
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48.0mV

Figure 3-3. Output Voltage Ripple for -8V Output Voltage at 6V,y, 12V|y and 18V |y

R1 = 6Vn, 1.7Acut (50mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
R2 = 12V}, 1.7Aout (50mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
R3 = 18V}y, 1.7Aout (50mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
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3.2.2 -12V Output Voltage

][1.00};3. .

® 00 R I ;

®2 50.0mv 1.00ps 2.506S/s / W :

@ 50.0mY 1.00ps 1M points 29.0mV - ]
(R1) Peak-Peak 104my 7 Nov 2025
(R2) Peak-Peak 74.0my Jl 13:39:48 I
| (R3) Peak-Peak 62.0mv

Figure 3-4. Output Voltage Ripple for -12V Output Voltage at 6V, 12V|y and 18V |y

R1 = BV)y, 1.7Acut (50mV / div, 1ps / div, 20MHz bandwidth, 20MHz bandwidth, AC-coupled)
R2 = 12V, 1.7A0ut (50mV / div, 1ps / div, 20MHz bandwidth, 20MHz bandwidth, AC-coupled)
R3 = 18V, 1.7Aout (50mV / div, 1ps / div, 20MHz bandwidth, 20MHz bandwidth, AC-coupled)
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3.3 Input Voltage Ripple
3.3.1 -8V Output Voltage

RD 100mv 1.00ps By KRR EEE R BN N :
®2 100mv 1.00ys 1.00ps 2.50B68/s s W _'
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(R2) Peak—Peak 120my J 14:10:08

| (R3) Peak—Peak 112mY

Figure 3-5. Input Voltage Ripple for -8V Output Voltage at 6Vy, 12V|y and 18V |y

« R1=2 6V, 1.7A0uT (100mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
« R2=> 12V, 1.7Acut (100mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
« R3= 18V, 1.7Acut (100mV / div, 1ps / div, 20MHz bandwidth, AC-coupled)
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3.3.2 -12V Output Voltage
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Figure 3-6. Input Voltage Ripple for -12V Output Voltage at 6V y, 12V|y and 18V |y

* R1=6V)\, 1.7A0yT (50mV / div, 1us / div, 20MHz bandwidth, AC-coupled)
* R2 =12V, 1.7A0yuT (50mV / div, 1us / div, 20MHz bandwidth, AC-coupled)
* R3 =18V, 1.7A0uT (50mV / div, 1us / div, 20MHz bandwidth, AC-coupled)
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3.4 Load Transients
The electronic load switches between 0.8Apyt and 1.75A0yT-
3.4.1 -8V Output Voltage

&3 ][l.UDms 100MS/s e / J R

500mY¥ v T 1M points 1.56 A . ]
€D Min -590mV . J
€D Max 530mYy 7 Nov 2025
& Vi 640m# | 14:26:27 |

.

Figure 3-7. Load Transients for -8Vgoyt between 0.8A and 1.75A

e Ch2 = Output Current (1A / div, 1ms / div)
* Ch4 = Output Voltage (500mV / div, 1ms / div, AC-coupled)
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3.4.2 -12V Output Voltage
I

-
=M

E3 | A 1.00ms 100MS /5 & PN

g S500mY v T 1M points 1.56 & : 1
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Figure 3-8. Load Transients for -12Vqy1 between 0.8A and 1.75A

* Ch2 = Output Current (1A / div, 1ms / div)
* Ch4 = Output Voltage (500mV / div, 1ms / div, AC-coupled)
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3.5 Start-up Sequence
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Figure 3-9. Start-up for -12Vgyt without Load

* Ch1 = Input Voltage (5V / div, 2ms / div)
* Ch3 = Output Voltage (5V / div, 2ms / div)

3.6 Shutdown Sequence
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Figure 3-10. Shutdown for -12Vqy1 with Full Load

* Ch1 = Input Voltage (5V / div, 200us / div)
* Ch3 = Output Voltage (5V / div, 200ps / div)
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