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Redefining power management through high-voltage innovation

Today, we face an ever-increasing demand for 
electricity to power new systems, many of them 
mobile, which are raising the standard of living 
worldwide. At the same time, environmental issues 
require that we use energy much more efficiently.     

While these challenges will require a variety of political and economic solutions to handle 

effectively, one technical solution is increasingly proving its importance. High-voltage 

innovations are making the transmission and conversion of electrical power more 

efficient, so that less power is lost between the source and the end equipment.  

These innovations complement changes in 

electricity generation such as introducing renewable 

energy sources, as well as energy-saving 

improvements in consuming equipments such as 

motors and refrigeration units. The result is a steady 

rise in power efficiency that saves money and helps 

reduce the release of greenhouse gases into the 

atmosphere.

Even small improvements in efficiency can have 

a significant effect. The U.S. Energy Information 

Administration (EIA), in its mid-level 2015 projection, 

estimated that electricity generation in the U.S. 

will grow 24 percent by 2040—about 1 percent 

annually. The EIA also estimates that some 6 

percent of electricity generated in the U.S. is 

wasted in supply and disposition—more than 14 

million megawatt hours annually in recent years. 

Reducing just a portion of this waste through 

efficiency improvements could make it possible to 

decrease the overall amount of electricity we have to 

generate.

Advanced semiconductors are among the most 

important technologies that have already been 

deployed and further developed to make power 

generation, transmission and consumption more 

efficient. Smart controls implemented using 

integrated circuits and the use of new power 

semiconductor materials enables conversion of 

power with minimal losses. Intelligent IC hardware 

enables power grids, factories, homes, cars 

and other systems to communicate and control 

system power usage efficiently. In addition, power 

management circuits, the backbone of power 

supplies and battery chargers, are an important 

factor enabling the mushrooming growth of portable 

electronics, bringing convenience along with 

efficiency. Texas Instruments (TI) is well-positioned 

to leverage its design, manufacturing processes and 

packaging expertise to create high-voltage analog 

and mixed-signal solutions that will bring greater 

power efficiencies in upcoming years.

如今，为了给新系统供电，我们对电能的需求越来越高，这

些系统很多是移动的，它们提高了我们的生活水平。与此同时，

环境问题也促使我们需要更加高效地使用能源。

虽然这些挑战需要我们用多种政治和经济解决方法来有效应对，不过有一个技术解决方

案正在变得越来越重要。高压创新方法正在使电能的传输和转换变得更改高效，这样的

话，电源与终端设备之间的功率损耗就会更少。

这些创新带来发电方式的改变，例如，引

入了可再生能源，并且提升了电机和制冷

设备等耗电量较大设备的节电性能。所有

这一切使能效稳步上升，从而降低了成本，

并且减少了温室气体排放。

即使是效率方面的很小改进也会带来显著

的影响。在其 2015 年中期预测中，美国能

源情报署 (EIA) 估计，到 2040 年，美国的

发电量将增加 24%-- 年增长率大约 1%。

EIA 还预测，美国发电量中有大约 6% 的

电能浪费在供电和配置方面—在近几年中，

每年浪费的电能在 1400 万兆瓦时以上。

通过效率提升，只需减少所浪费电能的很

小一部分就可以降低我们必须实现的总发

电量。

先进的半导体元件是使发电、输电和电力

使用更加高效的最重要技术，并且这项技

术还在不断发展中。用集成电路实现的智

能控制和全新功率半导体材料的使用可以

用最少的损耗实现电力转换。智能 IC 硬件

可以在电网、工厂、住所、汽车和其它系

统中实现通信功能，并且更加高效地控制

系统的电力使用量。此外，作为电源和电

池充电器的骨干，电源管理电路是实现便

携式电子设备快速普遍增长的一个重要因

素，在提高效率的同时，也带来了便利性。

德州仪器 (TI) 充分利用其设计、制造工艺

和封装专业技术，创造出高压模拟和混合

信号解决方案，这些解决方案在未来几年

将把功效提高到全新水平。
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Why focus on high voltages?

Electrical voltages vary from tens of thousands 

of volts at the power plant and in regional supply 

lines down to fractions of a volt used internally by 

high-speed digital components such as embedded 

processors. Along the path of distribution are many 

intermediate voltage levels, with 110/120- and 

220/240 volts being the most familiar to consumers. 

For residential, commercial, industrial and 

automotive applications, high voltages are those 

that range from just above the levels of electronic 

circuitry up to the levels of transportation and 

industrial equipments—that is, from tens of volts 

into hundreds.

Power management ICs operating at all voltage 

levels represent considerable demand for IC 

suppliers to fulfill—in the area of $30 billion annually, 

according to market research firm IHS. New 

markets continue to emerge for IC products such 

as alternating current to direct current (AC/DC) 

converters, inverters, bi-directional converters and 

DC/DC converters. IC solutions that offer higher 

levels of integration, increased power density and 

added intelligence serve to improve overall system 

performance.

Power conversion is a prime area of opportunity 

because, along the way from the power plant 

to the end application, every voltage conversion 

step involves a power loss. In addition, other 

conditions being equal, lower voltages lose a higher 

percentage of power in transmission than higher 

voltages. For these reasons, it is most efficient 

to bring high voltages close to, or even into, the 

end equipment before stepping them down with 

conversion methods that minimize power losses. 

The presence of high voltages in the vicinity of 

equipment and users also requires additional 

measures for machine and human protection.

The word “equipment” calls to mind factory 

floors, and in fact, industrial applications such as 

motors, robots and central control systems are 

an important area of power innovation. Currently, 

industries throughout the world are experiencing 

a transformation in intelligent automation that is 

coming about so rapidly that it has been dubbed 

by some as the “Fourth Industrial Revolution” (after 

the first three revolutions of steam power, mass 

production and early automation), or Industry 4.0. 

The enabling factor of this transformation to so-

called “smart factories” is the availability of greater 

machine intelligence and system communications. 

The prime goal of the smart factory is to improve 

productivity and reduce costs by doing as much as 

possible using less energy.

Industry, however, is only one target for improved 

power efficiency technology. Other areas that can 

benefit include inverters for solar and wind power 

generation, data centers and telecommunications 

infrastructure. Electric vehicles, with battery voltages 

of about 400 volts, also depend on high-voltage 

electronics for both charging and operation. In 

addition, the burgeoning market for all kinds of 

mobile devices is a major driver of new power 

technology. Even humble units such as cellphone 

chargers need to operate efficiently, especially 

considering that there are billions of them in use 

today. In short, all electrical and electronic systems, 

large and small, benefit from safe, efficient power 

conversion.

Challenges of high-voltage 
technology

To keep meeting the needs for greater power 

efficiency in the future, technology developers 

must increase IC performance while reducing 

size, maintaining reliability and keeping costs in 

line. These requirements demand innovations in 

为什么将注意力放在高压上？

电压的变化范围很广，从发电厂内的数万

伏到区域输电线路上的低到不足 1 伏特，

这些电压由嵌入式处理器等高速数字组件

在内部使用。在配电线路上分布着很多中

间电压电平，对于用户来说，110/120- 和

220/240 伏是最熟悉的电压电平。对于住

宅、商用、工业和汽车应用来说，高压是

那些刚好在电子电路的电平以上，一直到

运输和工业设备中所使用的电平之间的电

平—也就是说，从数十伏特到几百伏。

在所有电压电平上运行的电源管理 IC 提出

了对于 IC 供应商的巨大需求—根据市场调

查公司 IHS 的研究结果，这一领域的年市

场总值达到 300 亿美元。全新的 IC 产品市

场不断涌现，比如说交流到直流 (AC/DC) 
转换器、逆变器、双向转换器和 DC/DC 转

换器。提供更高集成度、更高功率密度和

增强型智能化的 IC 解决方案致力于提升总

体系统性能。

电力转换是一个黄金机会领域，这是因为，

从电厂到终端应用，每个电压转换步骤都

涉及功率损耗。此外，在其它条件等同的

情况下，相对于较高的电压，在输电过程

中，较低电压会带来更高比例的功率损耗。

处于这些原因，最有效的方法就是，在使

用最大限度降低功耗的转换方法对高压进

行降压操作前，尽可能地是使高压靠近，

或者直接进入终端设备。出现在设备和用

户附近的高压也需要一些额外的方法对机

器和人体进行保护。

“设备”这个词很容易使人们想到工厂车

间，而事实上，诸如电机、机器人和中央

控制系统等工业应用都是电源创新的重要

领域。目前，全世界范围内的各个行业正

经历着智能自动化领域内的转型；这次转

型的到来是如此之快，以至于某些人已经

把它称为“第四次工业革命”（前三次分

别为蒸汽机、大规模生产和早期自动化），

或简称为工业 4.0。在这次转型中，所谓

的“智能工厂”起到了决定性作用，它代

表了更大机器智能和系统通信能力的可获

得性。智能工厂的主要目的在于，用更少

的能量实现更多的功能，以提高生产力，

并降低成本。

然而，工业只是经改进的功效技术所针对

的其中一个目标。能够从中获益的其它领

域还包括用于太阳能和风能发电的逆变器、

数据中心和电信基础设施。电池电压大约

为 400V 的电动汽车的充电和运行也依赖

于高压电子元器件。此外，各种类型移动

设备市场的迅猛增长也是全新电源技术的

主要推动力。考虑到它们数十亿的巨大使

用量，即使是手机充电器那样不起眼的部

件，我们也有必要提高它们的工作效率。

简言之，所有电气和电子系统，不论大小，

都会从安全、高效的电力转换中受益。

高压技术所带来的挑战

为了满足未来对于更高功效的不断需求，

技术开发人员必须在减小尺寸、保持可靠

性，并且将成本保持在可控的合理范围内

的同时，提高 IC 性能。这些要求亟需制造
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manufacturing processes, on-chip components, 

circuit design and packaging. Another factor 

that can make new products more attractive to 

equipment developers and accelerate the adoption 

of enhanced power technology is the availability 

of integrated, all-in-one solutions with in-depth 

hardware and software design support. TI has a 

proven history in making highly integrated low-power 

solutions and continues to innovate and advance 

in all of these areas, making  use of its expertise 

to create the advanced high-power solutions the 

market needs today and in years to come.

In recent years, switched-mode power supplies 

(SMPSs) have gained ground in power conversion 

because they are inherently more efficient than 

traditional power supply designs. However, 

perfecting SMPS design is an ongoing art. These 

supplies create currents at high frequencies that 

must be prevented from propagating deep into the 

system and escaping back out into the source. 

Furthermore, operation of sensitive devices inside 

the power supply is susceptible to impedances 

from inside and interferences from surrounding 

components. For these reasons, SMPS solutions 

that integrate as much of the system as possible 

can help reduce the complexity of power supply 

designs and help lower manufacturing costs. If 

the solution can include small-form-factor isolation 

along with the power circuitry, it is better because 

it effectively shields the system from outside 

interferences and prevents high frequencies from 

migrating from within the system onto the line.

Process advances. Manufacturing process 

technologies continue to advance the voltage 

and frequency capabilities of silicon for use in 

SMPSs and other power designs. For instance, TI’s 

versatile high-power LBC7HV BiCMOS process 

is used today in integrated gate driver-power 

switch solutions rated up to 600 volts. In addition, 

manufacturers are turning to new materials such 

as gallium nitride (GaN, built on a silicon substrate) 

and silicon carbide (SiC) to enable faster switching 

and even greater efficiencies at high voltages. TI, in 

addition to its numerous silicon-based solutions, has 

developed several gate drivers for GaN switches and 

is starting to introduce advanced multichip modules 

(MCMs) that include both gate drivers and GaN 

power switches. Combined with the innovations 

discussed below, manufacturing process advances 

offer greater power density and help lower system 

costs while making electrical supply more efficient.

Integration. An important requirement of new 

high-voltage power supplies is to rescale them to 

fit on a board inside the end equipment. To meet 

Switch 
driver 

Transformer(s) 
inductor(s),

filter 

Pulse-width 
modulated 
regulation 

 
Filtering and 
rectification 

Switching
power 

transistor(s)   

Power 
In 

Power 
Out 

Low frequency
AC to DC or
  DC to DC  

High frequency 
AC to DC 

Sensitive design area 

Generic functions of a switched-mode power supply

工艺、片上组件、电路设计和封装领域内

的创新。还有另外一个因素，能够使得全

新产品对于设备开发人员更加具有吸引力，

并且能够加快增强型电源技术的采用。这

项技术就是具有深入硬件和软件设计支持

的集成式、全合一解决方案。TI 在设计、

生产高集成低功耗解决方案方面具有悠久

的历史，并且在所有这些领域内不断创新

和推动技术进步，利用其所具有的专业技

术来创造那些现阶段和未来几年用户所需

要的先进高功率解决方案。

近几年，开关模式电源 (SMPS) 在电力转

换领域逐渐发展壮大，其原因就在于它们

的固有效率要高于传统电源设计的效率。

然而，不断地完善 SMPS 设计是一项永远

不会停止的艺术。这些电源在高频时产生

电流；必须防止这些高频率传播到系统的

深处，以及逃离返回到电源中。此外，在

电源内部运行的灵敏器件容易收到内部阻

抗，以及周围组件干扰的影响。基于这些

原因，SMPS 解决方案尽可能地将更多的

系统集成在内，这样可以帮助降低电源设

计的复杂程度，并且有助于减少制造成本。

如果这个解决方案能够将小外形尺寸隔离

与功率电路包含在内，那么效果会更好，

其原因是它有效地屏蔽了来自外界的干扰，

并且防止高频从系统内部迁移至线路上。

制造工艺进步。制造工艺技术不断地提高

SMPS 和其它电源设计中所使用芯片的电

压和频率处理能力。例如，TI 的多用途高

功率

LB7HV BiCMOS 工艺目前用于额定电压高

达 600V 的集成式栅极驱动器电源开关解

决方案中。此外，制造厂商也正在将注意

力转向氮化镓（GaN，构建在硅基板之上）

和碳化硅 (SiC) 等全新材料，以便在高压

时实现更快速的开关和更高频率。除了其

所具有的大量基于硅芯片的解决方案，TI
已经开发出了数款针对 GaN 开关的栅极驱

动器，并且正在开始引入高级多芯片模块 

(MCM)，这些模块既包括栅极驱动器，又

包含 GaN 电源开关。与下面讨论的创新组

合在一起，制造工艺进步在使电源变得更

加高效的同时，提供了更大的功率密度，

并有助于降低系统成本。

集成。全新高压电源的一个重要要求就是

重新调节它们的大小，以使它们能够安装

在终端设备内的电路板上。为了满足这一

开关模式电源的一般功能
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this requirement, TI is aiming to provide single-chip 

solutions that integrate as many power supply 

components as are practical, relative to both cost 

and performance. Whenever full system integration 

is not economical, or impossible because the 

functions are built using different processes, 

integrating two or more devices in an MCM is a 

viable solution. Along with saving space, system-

level single-chip and MCM solutions increase power 

density and reduce the need for passive materials 

such as windings and heat sinks. The solutions also 

simplify designs because they eliminate or minimize 

the complex internal impedances that make power 

supply design so difficult.

Isolation. A big challenge in single-chip and MCM 

integration is how to include isolation. Traditionally, 

power supplies are isolated using transformers, 

which sit as bulky components outside the 

integrated circuits. However, new methods of 

isolation are in development that will serve to 

eliminate external transformers and isolate the 

system from within the chip or MCM. For user safety 

and equipment protection, it is important that this 

new technology provide reinforced isolation, which 

is equivalent to twice or more the basic isolation 

needed for the system to function. As these 

integrated methods of providing isolation appear  

on the market, they will prove indispensable for 

space-saving power supply solutions.

High-frequency programmable controllers. 

Even the best gate drivers and power switches 

would be worthless for SMPSs without precise 

control; otherwise, slight variances in timing would 

quickly magnify into big variances that diminish the 

efficiency of the system. At a minimum, the high 

frequencies of new SMPS designs call for digital 

control from high-performance state machines. 

Innovative software tools help power designers 

understand how to develop the closed-loop control 

functions of a digitally controlled SMPS system 

using a C2000 MCU or UCD3138 digital controller, 

simplifying the transition from traditional analog 

control methods.

Advanced packaging. Integrated power solutions 

require innovative single-chip and MCM packaging 

that can handle requirements for electrical integrity 

and thermal stress created by high-voltage 

operation. Among the issues packaging specialists 

must understand are types of materials, bonding 

techniques and methods of protection against 

degradation. Packages can degrade due to 

charge spreading from high- to low-voltage areas, 

electromigration due to high current densities, or 

excessive heat that must be removed from the 

package. Degradation can also result from cracking 

due to thermo-mechanical stresses over the device 

lifetime, and other sources. These problems are 

magnified at high power levels, especially when ICs 

are used in factory floors, vehicles or other harsh 

environments. TI is addressing these challenges 

through a combination of extensive material 

evaluation, comprehensive testing and proactive 

engagement with materials suppliers.

要求，TI 正在努力提供将很多电源组件

集成在一起的单芯片解决方案；在成本和

性能方面，单芯片解决方案更加实用。不

论何时，如果由于使用了不同工艺进行功

能构建，从而使全系统集成过于昂贵，或

者无法实现的话，那么将 2 个或更多器

件集成在 MCM 中就是一个可行的解决方

案。除了节省空间之外，系统级单芯片和

MCM 解决方案提高了功率密度，并且减

少了对于绕组和散热片等无源材料的需要。

这种解决方案还简化了设计，这是因为它

们消除或最大限度地降低了那些使电源设

计很难进行下去的复杂内部阻抗。

隔离。单芯片和 MCM 解决方案中的一个

巨大挑战就是如何将隔离包含在内。传统

上，电源使用变压器进行隔离，而变压器

是位于集成电路外部的庞大组件。不过，

全新的隔离方法正处于开发之中，这将免

除对于外部变压器的需要，并且在芯片或

MCM 内部将系统隔离开来。针对用户安

全性和设备保护，有一点很重要，那就是

这项全新技术提供了增强型隔离；这种增

强型隔离是系统正常运行所需基本隔离的

2 倍或者更多倍。随着这些提供隔离功能

的集成方法在市面上不断出现，人们也将

会逐渐认识到它们对于节省空间的电源解

决方案是不可或缺的。

高频可编程控制器。如果没有精确控制，

即使是最好的栅极驱动器和电源开关对于

SMPS 来说也是一文不值；在没有精确控

制的情况下，计时中的细微方差将会很快

放大为巨大方差，从而减少了系统效率。

全新 SMPS 设计中的高频率至少需要高性

能状态机提供的数字控制。创新型软件工

具可以帮助电源设计人员知道，如何使用

一个 C2000 MCU 或 UCD3138 数字控制

器来开发数控SMPS系统的闭环控制功能，

从而简化从传统模拟控制方法到数字控制

的转换工作。

高级封装。集成电源解决方案需要创新型

单芯片和 MCM 封装，以应对高压运行产

生的电气性能完整性和热应力要求。在这

些问题中，封装专家们必须了解材料的类

型、接合技术，以及防止器件性能退化的

保护方法。封装性能会由于高压区域到低

压区域的电荷扩散、高电流密度造成的电

迁移、或者过热而下降；必须从封装中消

除这些影响其性能的因素。破裂也会导致

性能退化；破裂的是由器件使用寿命内的

热机械应力、以及其它原因造成的。这些

问题在高功率水平上会被放大，特别是当

IC 用于工厂车间、汽车或其它恶劣环境中

时更是如此。TI 正在通过广泛材料评估、

综合性测试、以及与材料供应商主动接触

和交流的组合拳，来应对这些挑战。
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Providing high-voltage efficiency for 
the future

As the need for more efficient power management 

increases, so does the demand for innovative 

technology solutions. Efficiency comes from 

exploiting alternative sources of energy, from

 

building equipments that operates on less power 

and from better techniques of power transmission 

and conversion. Innovative IC technology plays an 

enabling role in all of these areas, with high-voltage 

power conversion among the applications that offer 

great potential for savings.

Proven
expertise 
inintegration 
& packaging 
 

 
 

Powerful 
ecosystem 

Break-
throughs
in energy

performance
 

• More reliable 
systems 

• Increased 
power density  

• Ease of design 

Power management semiconductor technology will 

continue to advance through ongoing development 

of manufacturing processes; circuitry; components 

such as isolators, single-chip and MCM integration; 

and packaging. Design also benefits from the 

availability of all-in-one solutions that minimize 

the effort required to design SMPSs and other 

power systems. TI, the industry’s leading analog IC 

manufacturer, has a long history of integrating low-

voltage power products. By leveraging its broad 

and deep expertise, and through its continued 

focus on technology innovation, the company is 

moving quickly to develop high-voltage solutions 

that will meet its customers’ needs and save energy 

for a better tomorrow. 

How TI is redefining the future of high voltage

For more information:

• Visit TI’s power management portal

• Check out TI gallium nitride solutions

• Read our white papers on:

      – GaN innovation

      – Isolation innovation

• Register for a myTI account to stay up-to-date  

on related news and information

提供面向未来的高压效率

随着对于更高效电源管理需求的不断增加，

对于创新型解决方案的要求也在增多。效

率来自开发利用替代能源、来自设计制造

能耗更低的设备、也来自电力传输和转换

技术的优化和提升。创新型 IC 技术在所有

这些领域内发挥着决定性作用，在提供巨

大节能潜力的应用中实现高压电力转换。

通过制造工艺；电路；隔离器、单芯片和

MCM 集成等组件；以及封装的持续发展，

电源管理半导体技术将不断取得进步。设

计还会得益于所提供的全合一解决方案；

它最大限度地减少了 SMPS 和其它电源系

统的设计工作量。作为业内领先的模拟 IC
制造商，TI 在低压电源产品集成方面具有

很长的历史。借助其充分利用其广泛且深

入的专业技术，并且通过它对于技术创新

的不断关注，这家公司正在快速地向前发

展，开发出满足用户需求、节约能耗、实

现更加美好未来的高压解决方案。

如需了解更多信息，敬请访问以下链接：

• 访问 TI 的电源管理门户网站

• 查看 TI 氮化镓解决方案

• 在以下链接内阅读我们的白皮书：

 ─ GaN 创新

 ─ 隔离创新

• 注册一个 myTI 账户，获得最新新闻和

信息TI 如何重新定义高压应用的未来

ZHCY065
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电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
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