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Pushing the envelope with high-
performance, digital-isolation technology

Introduction
Isolation is a means of preventing DC and uncontrolled 
AC currents between two parts of a system, while allow-
ing signal and power transfer between those two parts. 
Electronic devices and integrated circuits (ICs) used 
for isolation are called isolators. Isolation is required 
in modern electrical systems for a variety of reasons. 
Some examples include protecting human operators 
and preventing damage to expensive processors in high-
voltage systems, breaking the ground loop in communica-
tion networks, and communicating to high-side devices 
in motor-drive or power-converter systems (Figure 1). 
Examples of applications that need isolation include 
industrial automation systems, motor drives, medical 
equipment, solar inverters, power supplies, and electric 
vehicles (EVs).

Recent advances in isolation technology are enabling 
new solutions, reducing system cost, and allowing custom-
ers to push the performance envelope of their equipment. 
This article discusses key end applications that are driving 
cutting-edge innovations in isolation technology and bene-
fitting from these innovations.

Reinforced isolation
Reinforced isolators are devices that can provide insula-
tion equivalent to two basic isolators in series. By them-
selves, reinforced isolators are considered sufficient to 
ensure electrical safety against high voltage. However, 
reinforced isolators must satisfy increasingly tighter 
performance requirements. Motor-drive applications have 
the most stringent specifications for reinforced isolation 
because these systems use very high incoming supply 
 voltages and they involve interfaces accessible to human 
operators. The requirements for isolation in motor control 
are defined in safety standards. For example, the IEC 
61800-5-1 electrical, thermal and energy safety standard 
for adjustable speed drives. According to this standard, 
the requirements on reinforced isolation scale up with an 
increase in the system voltage which is defined as the 
root-mean-square (rms) voltage between incoming supply 
lines and earth.

To guarantee reinforced insulation for drives with 
system voltage greater than 600 VAC, an isolator must 
withstand a 5-second temporary overvoltage of at least 
4400 VRMS. This isolator also must have a surge voltage 
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Figure 1. Typical isolation configuration for a power drive system
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引言

隔离是一种用于防止某系统的两个部分之间出现 DC 和
未受控制的 AC 电流、同时允许在这两个部分之间进行

信号和功率传输的手段。用于隔离的电子器件和集成电

路 (IC) 被称为隔离器。出于多种原因，在新式电气系统

中需要采用隔离。部分示例包括保护人工操作员和避免

高电压系统中的昂贵处理器受损、断开通信网络中的接

地环路、以及向电机驱动器或电源转换器系统中的高压

侧器件传送信息（图 1）。需要隔离的应用实例包括了

工业自动化系统、电机驱动器、医疗设备、太阳能逆变

器、电源和电动汽车 (EV)。

隔离技术的近期进步正逐步地实现新的解决方案，降低

成本，并使得用户能够突破其设备的性能极限。本文将

讨论那些正在推动隔离技术领域中的尖端创新并受益于

这些创新的主要终端应用。

利用高性能的数字隔离技术来超越极限
作者：Anant Kamath
系统经理，隔离、接口产品组

图 1：用于动力驱动系统的典型隔离配置
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强化型隔离

强化型隔离器是能够提供等同于两个串联的基本隔离器

之绝缘度的器件。强化型隔离器被认为凭借其自身足以

独立地提供针对高电压的电气安全。然而，强化型隔离

器必须满足日益严格的性能要求。电机驱动应用具有最

严格的强化型隔离技术规范，因为此类系统采用了非常

高的输入电源电压，而且它们包含人工操作员可以使用

的接口。电机控制中的隔离要求在安全标准中规定。比

如：用于可调速驱动器的 IEC 61800-5-1 电、热及能量

安全标准。根据该标准，对于强化型隔离的要求随着系

统电压的增加而相应地提高，系统电压被定义为输入电

源线和地之间的均方根 (rms) 电压。

为了保证针对系统电压超过 600 VAC 的驱动器的强化隔

离，隔离器必须能承受持续 5 秒且至少为 4400 VRMS 的
短时过压。[接下页]
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capability of at least 12 kVPK, creepage and clearance of at 
least 14 mm, and a working voltage in the range of 600 VRMS 
to 1000 VRMS, which depends on the supply line voltages 
and drive architecture. To make matters more challenging, 
new motor-drive architectures are adding local field-
programmable gate arrays (FPGAs) and controllers to the 
power board referenced to the DC bus (Figure 2, control-
ler 2). This reduces the local isolation requirement on the 
power board. However, it increases the data rate and 
bandwidth requirement on one, multichannel integrated, 
high-speed reinforced link (Figure 2, digital isolation link). 
Until recently, isolators meeting these isolation require-
ments, as well as the timing and data rate requirements, 
were not available in the market. The only alternative was 
fiber-optic isolation.

Capacitive reinforced isolation solutions are now avail-
able that meet the above requirements for high isolation, 
wide packages, and high data rates. These solutions are a 
good fit for motor-drive applications with system voltages 
beyond 600 VAC. Some optocouplers do meet the high-
isolation requirements, but do not meet the data rate or 
multichannel integration requirements. Additionally, 
leading magnetic-isolation solutions do not meet the 
requirement on working voltage/long-term reliability.

Examples of creepage and clearance are illustrated in 
Figure 3.

Figure 2. New motor drive architecture

AC Power
Supply

Rectifier Diodes
Isolated IGBT
Gate Drivers IGBT Module

M

Drive
Output

Micro-
controller

Encoder

AC Motor Drive

Isolated Current
and Voltage Sense

DC+

DC–

Micro-
processor

DC–

DC–
DC–

DC–

DC–

Digital
Isolation

Link

P
W

M
 S

ig
n

a
ls

RS-458, CAN,
Ethernet

Controller 2
and Comms

Module

Controller 1

Figure 3: Pictorial representation of 
clearance and creepage

Clearance

Creepage

AAJ 2015 年第四季度德州仪器

模拟应用期刊 工业

[续上页] 另外，该隔离器还必须具有至少 12 kVPK 的浪涌

电压耐受能力、至少 14 mm 的空间及爬电距离、以及一

个在 600 VRMS 至 1000 VRMS 范围内的工作电压（其取决

于电源线电压和驱动器架构）。让问题变得更具挑战性

的是，新型电机驱动架构正逐步地把本地现场可编程门

阵列 (FPGA) 和控制器增设到参考于 DC 总线的电源板

上（图 2，控制器 2）。这降低了对电源板的本地隔离要

求。然而，它增加了对一个多通道集成型高速强化链路

（图 2，数字隔离链路）的数据速率和带宽要求。直到

最近，可满足这些隔离要求以及定时和数据速率要求的

隔离器未见上市供应。唯一的替代方案是光纤隔离。

电容式强化型隔离解决方案如今已经面市，它们能够满

足针对高隔离度、宽体封装和高数据速率的上述要求。

这些解决方案很适合于那些系统电压超过 600 VAC 的电

机驱动应用。有些光耦合器确实可满足高隔离度要求，

但并不满足数据速率或多通道集成要求。此外，主要的

磁隔离解决方案还不满足对于工作电压 / 长期可靠性的

要求。

空间及爬电距离的例子示于图 3。

图 2：新型电机驱动架构

图 3：空间和爬电距离的图形表示
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High working voltage
Solar and wind energy applications generally use addi-
tional isolation barriers (for example, in the path of the 
network-communication channel) to achieve reinforced 
isolation. Hence, the requirements related to reinforced 
isolation are not as high as in motor-drive applications. 
However, the requirement for high working voltage can 
exceed values seen in motor drives. Power plant central-
ized solar inverters and wind-energy inverters are trending 
to operate with higher DC bus voltages, extending to 1500 V 
and beyond. Higher DC-bus voltages enable higher power 
ratings without increasing the current levels, which keeps 
copper costs the same. This helps reduce the per-unit cost 
of energy generated. Another bonus of higher voltage is 
increased efficiency because the total power output can 
increase with higher voltage, but when current does not 
change, the conduction losses also remain the same.

Higher DC bus voltages directly translate to higher 
working voltages for the isolators used in switching power 
transistors in the inverter. In Figure 4, the isolated gate 
drivers (or any digital isolators paired with discrete gate 
drivers) continuously see a trapezoidal voltage. These 
voltages appear between one side that is connected to 
the inverter output, and the other side is connected to 
earth reference. The peak-to-peak value of this voltage 

waveform is the DC link voltage. For any isolator, its life-
time degrades exponentially with increased voltage stress 
across the barrier. Solar and wind inverter systems target 
lifetimes in excess of 25 years. It is critical to choose an 
isolator that meets the working-voltage requirement with a 
liberal margin so that the lifetime of the complete system 
is not limited by the isolators.

New capacitive isolators achieve a working voltage of 
1500 VRMS (2121 VPK). This voltage is a 50% increase 
compared to commonly available devices, which enables 
higher-voltage and more efficient inverter systems at a 
lower cost. Optocouplers have fair isolation and working-
voltage performance; however, the LEDs they use limit 
their lifetimes from an electrical-performance point of 
view. As mentioned earlier, leading polyimide-based, 
magnetic-isolation technologies have low working voltage 
ratings and low long-term insulation reliability, which 
limits their use in high-voltage, solar-inverter applications.

High common-mode transient immunity
Common-mode transient immunity (CMTI) is the ability of 
an isolator to tolerate high-slew-rate voltage transients 
between its two grounds without corrupting signals 
passing through it. In electric-vehicle motor drives, as well 
as solar- and wind-energy inverter applications, the 

Figure 4. Block diagram of a centralized solar inverter
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高工作电压

太阳能和风能应用通常采用额外的隔离势垒（例如：在

网络通信信道的路径之中）以实现强化型隔离。因此，

与强化型隔离有关的要求不像在电机驱动应用中那么

高。然而，对于高工作电压的要求则会超过电机驱动器

见到的数值。发电厂集中式太阳能逆变器和风能逆变器

正倾向于采用较高的 DC 总线电压（扩展至 1500 V 及更

高）来运作。较高的 DC 总线电压可在不增加电流水平

的情况下实现较高的额定功率，从而保持铜成本不变。

这有助于降低产生能量的单位成本。较高电压的另一个

好处是可提高效率，因为总的功率输出会随着电压的升

高而增加，但是当电流未改变时，传导损耗也是保持不

变的。

对于在逆变器的开关功率晶体管中使用的隔离器而言，

较高的  DC 总线电压直接转化为较高的工作电压。在

图 4 中，隔离式栅极驱动器（或任何与分立型栅极驱动

器配对使用的数字隔离器）连续承受一个梯形电压。这

些电压出现在连接至逆变器输出的一侧与连接至接地基

准的另一侧之间。该电压波形的峰至峰值是 DC 链接电

压。对于任何隔离器来说，其寿命都会随着隔离势垒两

端电压应力的增大而呈指数性的缩减。太阳能和风能逆

变器系统的目标寿命超过 25 年。至关紧要的是选择一个

满足工作电压要求（具有充足裕量）的隔离器，以使完

整系统的寿命不受限于隔离器。

新型电容式隔离器实现了 1500 VRMS (2121 VPK) 的工作电

压。与常用的器件相比，该电压增加了 50%，从而以较

低的成本实现了较高电压和更高效的逆变器系统。光耦

合器具有一般的隔离和工作电压性能；然而，从电气性

能的观点来看，它们所用的 LED 则限制了其寿命。如前

文提到的那样，基于聚酰亚胺的主要磁隔离技术具有低

的额定工作电压和低的长期绝缘可靠性，这就限制了其

在高电压、太阳能逆变器应用中的使用。

高共模瞬变抗扰度

共模瞬变抗扰度 (CMTI) 是隔离器在不损坏穿过其的信号

的情况下耐受介于其两个地之间的高转换速率电压瞬变

的能力。在电动汽车电机驱动器以及太阳能和风能逆变

器应用中，把栅极控制信号传递至功率晶体管的隔离式

栅极驱动器或隔离器会承受大的接地瞬变，因为一个地

被连接至快速开关切换的逆变器输出。[接下页]

图 4：集中式太阳能逆变器的方框图
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isolated gate drivers or isolators passing gate controls to 
power transistors see large ground transients because one 
ground is connected to rapidly switching inverter outputs. 
Figure 5 shows the ground potential difference experi-
enced by these gate drivers. In these systems, CMTI is a 
critical parameter because any bit errors caused by the 
transients can result in dangerous short-circuit events.

Recent application requirements are pushing the need 
for isolators with higher and higher CMTI. As stated, one 
requirement is increasing DC bus voltages. A second is 
reducing transition times with faster switching in the 
power transistors, which improves inverter efficiency. A 
third is increasing switching frequency, which results in 
lower-cost and less-bulky magnetics such as inductors, 
transformers and motors. Availability of reliable silicon-
carbide or SiC-based power transistors, which can switch 
faster and tolerate higher voltages versus traditional 
IGBTs, is building on the trend for inverters that switch 
faster and more efficiently.

Capacitive isolators released in 2014 broke the barrier 
for 100-kV/µs CMTI. Capacitive isolators and gate drivers 
continue to lead the industry with the highest minimum 
guaranteed CMTI, thus enabling faster, more efficient, and 
lower-cost inverter designs.

High-altitude operation
Advanced packaging technology is required for isolators 
used in equipment operating at higher altitudes and in a 
polluted or high-moisture environments. Improved and 
wider packages prevent degradation along the package 
surface and arcing through the air between pins, which 
ensures isolation quality. Isolators used in solar, wind-
energy and e-metering applications fall into this category.

Isolator voltages that continuously operate in heavy 
pollution can cause package surfaces to degrade and 
create a conductive path across the isolator. This phenom-
enon is called tracking. Choosing a higher-quality packag-
ing mold compound that belongs to a lower material group 
with higher comparative tracking index (CTI) can mini-
mize this effect for a given package creepage and working 
voltage. Another approach is to choose a wider package 
with increased creepage to reduce the risk of tracking. 

Table 1 shows the requirements on creepage distances 
depending on working voltage, the pollution degree, and 
the material group of the isolator’s package mold 
compound for reinforced isolation, according to IEC 
60664-1. The requirements on creepage increase with 
working voltage and pollution degree, however, selecting a 
lower material group with a higher CTI can reduce the 
creepage requirement. 

At higher altitudes of 2000 to 5000 meters above sea 
level, the air pressure is lower. Therefore, peak over-
voltages, such as surge or temporary overvoltage, can 
more readily cause arching between the isolator pins. 
Equipment operating at high altitudes requires greater 

spacing between pins (more clearance). Table 2 shows the 
multiplication factors by which clearance must be 
increased at higher altitudes to prevent arcing per IEC 
60664-1.

Traditionally, conformal coating or potting techniques 
involving deposition of insulating polymer or other mate-
rial over the printed circuit board (PCB) have been used 
to reduce the pollution degree around the isolator. This 
reduces the requirement on creepage and clearance. 
However, these methods add cost, are less reliable, and 
need additional inspection steps in PCB manufacturing. 
Wide-body isolators manufactured with high-quality 
molding compounds eliminate the need for conformal 
coating or potting, simplify PCB design, and increase 
manufacturing reliability.

Figure 5. Inverter output switching profile 
translates to high CMTI for isolators

~1500 V

dV/dt = 100 kV/µs

Table 1. Creepage requirements depending on working voltage 
and package material group

Working 
Voltage 
(VRMS)

Minimum Creepage (mm)

Pollution Degree 2  
Material Group

Pollution Degree 3  
Material Group

I II III I II III

200 2 2.4 4 5 5.6 6.4

400 4 5.6 8 10 11.2 12.6

800 8 11.2 16 20 22 25

1000 10 14.2 20 25 28 32

Table 2. Multiplication factors for clearances at higher altitudes

Altitude
Multiplication Factor for 

Clearances

2000 1

3000 1.14

4000 1.29

5000 1.48

6000 1.7

7000 1.95
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图 5：逆变器输出开关模式转化为隔离器
的高 CMTI

[续上页 ]  图  5 示出了这些栅极驱动器所经历的地电位

差。在这些系统中，CMTI 是一个至关重要的参数，因为

由瞬变引起的任何位错误都会导致危险的短路事件。

近期的应用要求逐步地推动了对具有越来越高 CMTI 之
隔离器的需要。如上所述，一项要求是增加 DC 总线电

压。第二项要求是利用功率晶体管中更快的开关操作来

减少转换时间，从而改善逆变器效率。第三项要求是提

高开关频率，这将实现较低的成本和不太庞大的磁性元

件，如电感器、变压器和电机。基于碳化硅 (SiC) 的可靠

功率晶体管比传统 IGBT 开关速度更快且能耐受更高的

电压，其面市基于逆变器以更高的速度和效率执行开关

操作的趋势。

2014 年发布的电容式隔离器突破了 100 kV/μs CMTI 大
关。电容式隔离器和栅极驱动器继续凭借最高的最小保

证 CMTI 引领业界，从而实现更快、更高效和成本较低

的逆变器设计。

高海拔地带的操作

对于在高海拔地带以及被污染或高湿环境中工作的设备

中所使用的隔离器，需要采用先进的封装技术。经过改

进和较宽的封装可防止沿着封装表面发生劣化以及穿过

引脚之间空气的电弧放电，从而确保隔离质量。在太阳

能、风能和电子计量应用中使用的隔离器属于这一类。

在重度污染环境中连续工作的隔离器电压会引起封装表

面的劣化并产生一条穿越隔离器的导电路径。这种现象

被称为“漏电痕迹”。对于某给定的封装爬电距离和工

作电压，选择一种属于某个具有较高相比漏电起痕指数 
(CTI) 的较低材料组别的较高质量封装模制化合物可最大

限度地减轻该影响。另一种方法是选择一种增加了爬电

距离的较宽封装以降低出现漏电痕迹的风险。

表 1 罗列了依工作电压、污染等级和用于实现强化隔离

的隔离器封装模制化合物的材料组别而定的爬电距离要

求（按照 IEC 60664-1 标准）。对爬电距离的要求随着

工作电压和污染等级而增加，不过，选择一个具较高 CTI 
的较低材料组别可以降低爬电距离要求。

在高出海平面 2000～5000 米的高海拔地带，空气压力

较低。因此，峰值过压（例如：浪涌或短时过压）会更

容易引起隔离器引脚之间的电弧放电。在高海拔地带工

作的设备要求在隔离器引脚之间留有更大的间隔（更大

的空隙）。表 2 列出了在高海拔地带必须增加空隙以防

止发生电弧放电所用的乘法因数（按照 IEC 60664-1 标
准）。

传统上，一直采用在印刷电路板  (PCB) 上沉积绝缘聚

合物或其他材料的保形涂敷或灌封方法来降低隔离器周

围的污染程度。这降低了对爬电距离和空隙的要求。不

过，这些方法会增加成本，不太可靠，而且在 PCB 制造

过程中需要额外的检验工序。采用高质量模制化合物制

造的宽体隔离器不再需要进行保形涂敷或灌封，简化了 
PCB 设计，并提高了制造可靠性。

表 1：取决于工作电压和封装材料组别的爬电距离要求

工作
电压

(VRMS)

最小爬电距离 (mm)
污染等级 2
材料组别

污染等级 3
材料组别

I II III I II III
200 2 2.4 4 5 5.6 6.4
400 4 5.6 8 10 11.2 12.6
800 8 11.2 16 20 22 25
1000 10 14.2 20 25 28 32

表 2：用于增大空隙的乘法因数（在较高海拔地带）

海拔 用于空隙的乘法因数

2000 1

3000 1.14

4000 1.29

5000 1.48

6000 1.7

7000 1.95
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New isolators use the best quality mold compound  
(CTI material group I) and are available in wide packages 
(14.5 mm creepage/clearance). These isolators can enable 
high-altitude designs and tolerate higher pollution without 
requiring additional steps in PCB manufacturing.

Capacitive digital isolators
Recent advances in capacitive digital isolators place them 
at the forefront of technology. These new isolators offer 
higher isolation performance, long-term reliability, 
increased channel integration, higher data rates and preci-
sion timing performance, better quality package mold 
compound, wider packages (14.5-mm creepage/clearance), 
and CMTI exceeding 100 kV/µs. Combining these features 
enables new applications, reduces system cost, and allows 
end-equipment manufacturers to push the performance 
envelope of their solutions.

Texas Instruments offers the ISO78xx family of rein-
forced digital isolators and the ISO585x and ISO545x 
 families of reinforced isolated IGBT gate drivers. These 
isolators offer features and capabilities that can solve 
 difficult isolation problems. These isolators have a working 
voltage of up to 1500 VRMS, are rated for 40 years, have 
surge voltage capability of 12.8 kV, and withstand a tempo-
rary overvoltage of 5700 VRMS. They offer high data rates 
of up to 100 Mbps with low skews and part-to-part 
 variations and CMTI exceeding 100 kV/us. They also use 
material group I mold compound and are available in 
industry-leading wide packages. 
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新型隔离器采用了质量最好的模制化合物（CTI 材料组别 
I），并可提供宽体封装（14.5 mm 爬电距离 / 空隙）。

这些隔离器能够实现高海拔设计并耐受较高的污染程

度，而且在 PCB 制造中不需要额外的工序。

电容式数字隔离器

电容式数字隔离器近期取得的进步将其置于技术的前

沿。这些新型隔离器可提供较高的隔离性能、长期可靠

性、增加的通道集成度、较高的数据速率和精准的定时

性能、质量更好的封装模制化合物、较宽的封装（14.5 
mm 爬电距离 / 空隙）以及超过 100 kV/μs 的 CMTI。
整合这些特性可实现新的应用，降低系统成本，并使得

终端设备制造商能够突破其解决方案的性能极限。

德州仪器提供了 ISO78xx 系列强化型数字隔离器以及 
ISO585x 和 ISO545x 系列强化型隔离式 IGBT 栅极驱动

器。这些隔离器拥有可解决隔离难题的特性和功能。这

些隔离器具有高达 1500 VRMS 的工作电压，额定规格针

对 40 年的寿命而拟订，能耐受 12.8 kV 的浪涌电压，

并可承受 5700 VRMS 的短时过压。它们提供了达 100 
Mbps 的高数据速率、低的时钟偏移和部件间偏差、及

超过 100 kV/μs 的 CMTI。另外，它们还采用了属于

材料组别 I 的模制化合物，并可提供业界领先的宽体封

装。
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  TPS92075 具有自适应基准的非隔离式、相位可调光、降压 PFC LED 驱动器

     BQ24195 具有 5.1V 1A/2.1A 同步升压运行的由 I2C 控制的 2.5A/4.5A 单电池 

 LM3447 相位调光、初级侧电源调整的准谐振反激式控制器 

    LM34917 具有智能电流限制的超小型 33V、1.25A 恒准时降压开关稳压器  

     ADS1298 具有集成 ECG 前端的 8 通道 24 位模数转换器   

  SN65HVD82 针对要求严格的工业类应用的稳健耐用的驱动器和发送器 

     LM22670 具有同步或可调节开关频率的 3A SIMPLE SWITCHER、降压电压稳压器 

    ISO1050 电镀隔离的隔离式 CAN 收发器  
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空航天，TI推出一系列创新、完整、独特的制胜解决方案，给您带来前

所未有的技术支持体验。http://www.ti.com.cn/ww/more/ 扫二维码
了解更多！
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