
Design Guide: TIDA-050053
8-V 至 16-V 输入、1.2-A、-12-V 反相电源参考设计

说明

该逆变电源参考设计在 8V 至 16V 的输入电压以及高

达 1.2A 的电流下支持 –12V 的输出电压。许多应用

（例如光学模块偏置、线路驱动器、运算放大器和其他

低功耗应用）都需要这种负电压。使用 TPS62933 电
源转换器可以实现非常简单的负电压逆变器（逆变降

压/升压）设计，以便在

1.2A 的电流下创建 –12V 的负输出电压。

资源
TIDA-050053 设计文件夹

TPS62933 产品文件夹

咨询我们的 TI E2E™ 支持专家

特性

• 简单的逆变电源设计
• 8 V 至 16 V 的宽输入电压范围

• 高达 1.2A 的持续输出电流

• 低噪声（小于 1% 输出纹波）
• 峰值电流模式，具有内部补偿

• 工作结温：–40°C 至 150°C

应用

• 光学模块
• 宏远程无线电单元 (RRU)
• 基带单元 (BBU)
• 移动智能电视
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1 System Description
The TIDA-050053 enables a very simple inverting buck-boost design where the output voltage is inverted or 
negative with respect to ground by using the TPS62933 high efficiency and low-IQ synchronous buck converter. 
This design demonstrates an inverting power supply to generate a –12-V rail at up to 1.2 A of current from 8-V 
to 16-V input voltage. The optimized internal loop compensation eliminates external compensation components. 
A negative voltage is required in low-current negative rails for an operational amplifier, optical module biasing, or 
line drives and other applications.

表 1-1. Key System Specifications
Design Parameter Example Value
Input voltage range 12-V nominal 8 V to 16 V

Output voltage range –12 V

Transient response, 50% load step ∆VO = ±5%

Output ripple voltage 1%

Output current rating 1.2 A

2 System Overview

2.1 Block Diagram
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图 2-1. TIDA-050053 Block Diagram

2.2 Design Considerations
Details of the main differences for when the buck converter is configured as an inverting buck boost follow:

• The input voltage that can be applied to an inverting buck-boost converter IC is less than the input voltage 
that can be applied to the same buck converter IC. This is because the ground pin of the IC is connected to 
the (negative) output voltage. Therefore, the input voltage across the device is VIN to VOUT, not VIN to ground. 
Thus, the input voltage range of the TPS62933 device is 3.8 V to 30 V – VOUT, where VOUT is a positive 
value.

• The output voltage is the same as when configured as a buck converter, but negative. So, set the output 
voltage for the inverting buck-boost topology from –0.8 V to –22 V. The output voltage is set the same way 
as in the buck configuration, with two resistors connected to the FB pin.

• In the buck configuration, the average inductor current equals the average output current because the 
inductor always supplies current to the load during both the on and off times of the control MOSFET. 
However, in the inverting buck-boost configuration, the load is supplied with current only from the output 
capacitor and is completely disconnected from the inductor during the on time of the control MOSFET. During 
the off time, the inductor connects to both the output capacitor and the load. Thus, the output current that the 
device can hold in the buck-boost application is lower than in the buck application. The output current will 
vary with the value of inductor, input voltage, and output voltage.

System Description www.ti.com.cn

2 8-V 至 16-V 输入、1.2-A、-12-V 反相电源参考设计 ZHCU818 – NOVEMBER 2021
Submit Document Feedback

English Document: TIDUE82
Copyright © 2022 Texas Instruments Incorporated

https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCU818
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCU818&partnum=TIDA-050053
https://www.ti.com/lit/pdf/TIDUE82


• The TPS62933 device is enabled when the voltage at the EN pin trips its threshold, and the input voltage is 
above the UVLO threshold. The device stops operation when the voltage on the EN pin falls below its 
threshold, or the input voltage falls below the UVLO threshold. However, when configured as a buck-boost 
application, the GND pin of the TPS62933 device is tied to the negative output voltage and not the zero 
voltage (system ground), which can cause difficulties enabling or disabling the device. So, level-shifting 
circuitry is needed to solve the problem.

2.3 Highlighted Products
The TPS62933 is a high-efficiency, easy-to-use synchronous buck converter with a wide input voltage range of 
3.8 V to 30 V, and supports up to 3-A continuous output current and 0.8-V to 22-V output voltage.

The device employs fixed-frequency Peak Current Control mode for fast transient response and good line and 
load regulation. The optimized internal loop compensation eliminates external compensation components over a 
wide range of output voltage and operation frequency. Pulse Frequency Modulation (PFM) mode maximizes the 
light load efficiency. The Ultra Low Quiescent (ULQ) feature is extremely beneficial for long battery lifetime in 
low-power operation. The switching frequency can be set by the configuration of the RT pin in the range of 200 
kHz to 2.2 MHz, which allows the user to optimize system efficiency, filtering size, and bandwidth. The soft-start 
time can be adjusted by the external capacitor at the SS pin, which can minimize the inrush current when driving 
large capacitive load. This device also has the frequency spread spectrum feature, which helps in lowering EMI 
noise.

The device provides complete protections including OTP, OVP, UVLO, cycle-by-cycle OC limit, and UVP with 
Hiccup mode. This device is in a small SOT583 (1.6 mm × 2.1 mm) package with 0.5-mm pin pitch, and has an 
optimized pin-out for easy PCB layout and promotes good EMI performance.

2.4 System Design Theory

2.4.1 Inverting Power Supply Design Using TPS62933

The inverting buck-boost topology is similar to the buck topology. In the buck configuration, shown in 图 2-2, the 
positive connection (VOUT) is connected to the inductor, and the return connection is connected to the integrated 
circuit (IC) ground (GND). However, in 图 2-1 illustrating the inverting buck-boost configuration, the IC GND is 
used as the negative output voltage pin. What was the positive output in the buck configuration is used as the 
GND. This inverting topology allows the output voltage to be inverted and always lower than the GND.
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图 2-2. Buck Converter Application

The circuit operation in the inverting buck-boost topology is different from the buck topology. During the on time 
of the control MOSFET, the inductor is charged with current while the output capacitor supplies the load current. 
The inductor does not provide current to the load during that time. During the off time of the control MOSFET 
and the on time of the synchronous MOSFET, the inductor provides current to the load and the output capacitor.
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图 2-3 shows the inverting power supply design using the TPS62933.

图 2-3. Inverting Power Supply Using TPS62933

3 Hardware, Software, Testing Requirements, and Test Results

3.1 Hardware Requirements
For testing purposes, this reference design requires the following equipment:

• A power supply that is capable of supplying at least 2-A of load and up to 20-V.
• Current and Voltage Multimeters to measure the currents and voltages during the related tests.
• Oscilloscope to capture voltages and a current.
• The TIDA-050053 board is a printed circuit board (PCB) with all the devices in this design.
• Resistive load or electronic load that is capable at least 2-A.
• Thermal camera used to measure the thermal rise of the board during operation.

3.2 Test Setup
图 3-1 shows the set up used to test the TIDA-050053.
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图 3-1. Test Setup

3.3 Test Results

3.3.1 Start-up

图 3-2 shows the start-up behavior.

图 3-2. Start-up Behavior
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3.3.2 Load Transient

图 3-3 shows the transient response from 0.4 A to 1.2 A with 12-V input.

图 3-3. Load Transient 0.4 A to 1.2 A With 12 VIN
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图 3-4 shows the transient response from 0.8 A to 1.2 A with 12-V input.

图 3-4. Load Transient 0.8 A to 1.2 A With 12 VIN

3.3.3 Output Ripple

图 3-5 shows the output voltage ripple at 1.2 A.

图 3-5. VOUT Ripple at 1.2 A
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3.3.4 Thermal Performance

图 3-6 shows the thermal performance at 1.2-A load. The image is taken under room temperature of about 27°C.

图 3-6. Thermal Image at Room Temperature With 12-VIN, –12-Vo, 1.2 A

4 Design and Documentation Support
4.1 Design Files

4.1.1 Schematics

To download the schematics, see the design files at TIDA-050053.

4.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-050053.

4.1.3 PCB Layout Recommendations

To download the layer plots, see the design files at TIDA-050053.

4.1.4 Altium Project

To download the Altium Designer® project files, see the design files at TIDA-050053.

4.1.5 Gerber Files

To download the Gerber files, see the design files at TIDA-050053.

4.1.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-050053.
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4.2 Documentation Support
1. Texas Instruments, TPS62933 3.8-V to 30-V, 3-A Synchronous Buck Converter in SOT583 Package data 

sheet
2. Texas Instruments, Create an Inverting Power Supply Using a TPS54202 Buck Converter With Internal 

Compensation application note

4.3 支持资源

TI E2E™ 支持论坛是工程师的重要参考资料，可直接从专家获得快速、经过验证的解答和设计帮助。搜索现有解

答或提出自己的问题可获得所需的快速设计帮助。

链接的内容由各个贡献者“按原样”提供。这些内容并不构成 TI 技术规范，并且不一定反映 TI 的观点；请参阅 

TI 的《使用条款》。

4.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
Altium Designer® is a registered trademark of Altium LLC.
所有商标均为其各自所有者的财产。

5 About the Author
LUCIA GAO is an Applications Engineer at Texas Instruments responsible for providing application support and 
solving technical challenges of customers. Lucia also helps to understand customers needs and create 
innovative solutions.

ZHAO MA has been a Systems and Application Engineer at Texas Instruments for 5 years responsible for 
defining new products based on our marketing strategy and business opportunities. Zhao also provides technical 
support to help customers understand how best to use mid-voltage buck converters.
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重要声明和免责声明
TI“按原样”提供技术和可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资源，
不保证没有瑕疵且不做出任何明示或暗示的担保，包括但不限于对适销性、某特定用途方面的适用性或不侵犯任何第三方知识产权的暗示担
保。
这些资源可供使用 TI 产品进行设计的熟练开发人员使用。您将自行承担以下全部责任：(1) 针对您的应用选择合适的 TI 产品，(2) 设计、验
证并测试您的应用，(3) 确保您的应用满足相应标准以及任何其他功能安全、信息安全、监管或其他要求。
这些资源如有变更，恕不另行通知。TI 授权您仅可将这些资源用于研发本资源所述的 TI 产品的应用。严禁对这些资源进行其他复制或展示。
您无权使用任何其他 TI 知识产权或任何第三方知识产权。您应全额赔偿因在这些资源的使用中对 TI 及其代表造成的任何索赔、损害、成
本、损失和债务，TI 对此概不负责。
TI 提供的产品受 TI 的销售条款或 ti.com 上其他适用条款/TI 产品随附的其他适用条款的约束。TI 提供这些资源并不会扩展或以其他方式更改 
TI 针对 TI 产品发布的适用的担保或担保免责声明。
TI 反对并拒绝您可能提出的任何其他或不同的条款。IMPORTANT NOTICE

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022，德州仪器 (TI) 公司
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