Test Report: PMP31365

Industrial 24V to 5V Safe Power Supply Reference Design

Description

This reference design enables high-efficiency and
low EMI. The design operates over a wide input
voltage range reducing the need for external input
surge protection. The design uses the LM686x5
buck converter which is intended for functional safety
relevant applications. The design includes safety
features such as redundant Vj, and Vs monitoring
with undervoltage lockout (UVLO) and overvoltage
lockout (OVLO), feedback path failure detection and
thermal shutdown.

Resources

PMP31365 Design Folder
LM68645-Q1 Product Folder
LM7480 Product Folder
TPS3762-Q1 Product Folder
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Features

LM686x5-Q1 integrated OVP and UVLO
monitoring functions with nFLT and PG

Industrial functional safety-compliant power supply
Safe cost for external diagnostics, safe time-to-
market

Designed for low electromagnetic interference
(EMI)

Additional input and output window supervisors

Applications

Robot safety module
HMI panel
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1 Test Prerequisites

SVS

1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements

Parameter

Specifications

Input Voltage Range

19.2V to 28.8V

Output Voltage 5V
Maximum Output Current 3A
Topology Buck

1.2 Dimensions

The size of the four-layer board is 136.6mm x 49.5mm.
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2 Testing and Results
2.1 Efficiency

Efficiency is shown in Figure 2-1.
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Figure 2-1. Efficiency versus Output Current
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Figure 2-2. Loss versus Output Current
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2.3 Load Regulation
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Figure 2-3. Output Voltage versus Output Current

2.4 Frequency Fold-Back Behavior

The measurement was taken at 28.8V input voltage.
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Figure 2-4. Switching Frequency versus Output Current
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2.5 Line Regulation with 3A Output Current
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Figure 2-5. Output Voltage Versus Input Voltage

During the measurements for line regulation the values for efficiency and loss were also obtained and displayed
in Figure 2-6.
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Figure 2-6. Efficiency and Loss versus Input Voltage
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2.6 Thermal Images

Thermal images were done at 24V input voltage and 3A output current.
2.6.1 Top Side

Figure 2-7. Thermal Image Top Side
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2.6.2 Bottom Side

Figure 2-8. Thermal Image Bottom Side
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2.7 Bode Plots
Bode plots are shown in Figure 2-9.
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Figure 2-9. Bode Plots
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3 Waveforms

All measurements unless otherwise indicated were done at 24V input voltage and 3A output current.

3.1 Switching
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Figure 3-1. Switching Measured (5V / div; 200ns / div; Full Bandwidth)

3.2 Output Voltage Ripple

Output voltage ripple was measured on J10.
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Figure 3-2. Output Voltage Ripple (20mV / div; 1us /div; Full Bandwidth)
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3.3 Input Voltage Ripple
3.3.1 Measured on J9
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Figure 3-3. Input Voltage Ripple J9 (20mV / div; 1us /div; Full Bandwidth)

3.3.2 Measured on D4
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Figure 3-4. Input Voltage Ripple D4 (20mV / div; 1ps /div; 20MHz Bandwidth)
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3.4 Load Transients

The electronic load switches from 1.5A to 3A with a frequency of 600Hz.
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Figure 3-5. Load Transient

» Upper waveform: Output voltage [scale: 50mV / div; 200us / div; 20MHz bandwidth]
* Lower waveform: Output Current [scale: 1A / div; 200us / div; 20MHz bandwidth]
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3.5 Start-Up Sequence (3A Output Current)
0oV S
Figure 3-6. Start-Up
Upper waveform: Input Voltage (10V / div; 4ms / div; 20MHz bandwidth)
Lower waveform: Output Voltage (1V / div; 4ms /div; 20MHz bandwidth)
12 Industrial 24V to 5V Safe Power Supply Reference Design SLVT225 - OCTOBER 2025

Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLVT225
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVT225&partnum=PMP31365

13 TEXAS
INSTRUMENTS

www.ti.com Waveforms

3.6 Shutdown Sequence (3A Output Current)
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Figure 3-7. Shutdown

Upper waveform: Input Voltage (10V / div; 1ms / div; 20MHz bandwidth)
Lower waveform: Output Voltage (1V / div; 1ms /div; 20MHz bandwidth)

Trademarks
All trademarks are the property of their respective owners.

SLVT225 - OCTOBER 2025 Industrial 24V to 5V Safe Power Supply Reference Design 13

Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SLVT225
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVT225&partnum=PMP31365

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com/lit/pdf/SZZQ076
https://www.ti.com

	Description
	Resources
	Features
	Applications
	1 Test Prerequisites
	1.1 Voltage and Current Requirements
	1.2 Dimensions

	2 Testing and Results
	2.1 Efficiency
	2.2 Loss
	2.3 Load Regulation
	2.4 Frequency Fold-Back Behavior
	2.5 Line Regulation with 3A Output Current
	2.6 Thermal Images
	2.6.1 Top Side
	2.6.2 Bottom Side

	2.7 Bode Plots

	3 Waveforms
	3.1 Switching
	3.2 Output Voltage Ripple
	3.3 Input Voltage Ripple
	3.3.1 Measured on J9
	3.3.2 Measured on D4

	3.4 Load Transients
	3.5 Start-Up Sequence (3A Output Current)
	3.6 Shutdown Sequence (3A Output Current)

	Trademarks

