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应用说明

前言

本应用说明描述了过度电性应力(eoS)事件及其对Cree XLamp 
LeD的影响以及保护XLamp LeD免受eoS损坏的一些简单方

法。简而言之，过度电性应力就是施加在LeD上的任何电流超过

该LeD技术数据手册中规定的最大电流。视施加的持续时间与幅

值的不同，eoS事件对LeD所造成影响的严重性也有所不同。

可以肯定的是，任何一次eoS事件均可能损坏LeD。这种损坏

可能导致器件立即失效或在eoS事件发生很久后才逐渐失效。

因此，应采取所有必要的预防措施来避免eoS事件。

本应用说明假设电源或驱动电源1中已采用了主保护电路或器件

及其他保护系统，以防雷击、电涌等引起的损坏。本应用说明

侧重于介绍二次保护电路如何保护LeD免受常见eoS事件的损

坏。请注意本文档不能作为关于二次保护电路的完整指导。

1 “电源”和“驱动电源”这两个术语在本文档中被互换使用。
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过度电性应力

产生过度电性应力的原因

LeD产生过度电性应力的最常见原因如下所述。

1. 静电放电（ESD）事件

eSD被普遍认为是许多半导体器件（包括LeD）制造、运输和装卸过程中的一种常见危害。几乎所有Cree XLamp LeD均含有eSD保护

器件并被列为mIL-STD-883标准的第2类“人体静电放电模式”，也就是说它们能承受最大2kv的静电放电。虽然XLamp LeD采用了保

护器件，但是如果未遵守正确的处理程序，还是可能因eSD事件而导致eoS损坏。eSD事件的麻烦之处在于，它们有时并不会立即造成

灾难性的失效。相反，此类潜在失效在eSD事件发生的数百或数千小时后才会变成灾难性的失效。

2. 瞬态过电流事件

发生瞬态过电流事件时，经过LeD的电流将高于LeD技术数据手册中的最大额定电流，这可能是通过高电流直接产生或通过高电压间接产

生的。这些事件均是瞬态的，也就是说它们发生的时间极短，通常不会超过1秒。有时它们也被称为浪涌或尖锋，如“电流尖锋”或“电

压尖锋”。

在LeD开启初期发生的过电流事件通常被称作“涌流”。这种效应通常是在驱动电路中的电容最初通电后产生的。通过观察到LeD的输 

出电流，就可看到过冲。避免这个问题的方法之一是采用软启动算法来控制电容的充电速度以避免瞬时电流浪涌。对两种不同驱动电源 

（分别带和不带软启动）的输出的比较如图1和图2所示。

 

Figure 1: Inrush current with overshoot 
 
 

 

Figure 2: Inrush with soft start 
 
Another common over-current event that can occur is known as “hot plugging.” This can happen when an LED is 
plugged into an energized power supply that has the output voltage at a level greater than the forward voltage for the 
LED load. For example, if you have a single LED which would normally have a forward voltage of 3V at 350mA, and 
the output of the supply is floating at 24V with no load, it is possible for a surge current to flow through the LED until 
the supply’s current-limiting circuitry reacts. Figure 3 illustrates this point. 
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图1: 带过冲的涌流 图2: 带软启动的涌流

另一种常见的过电流事件被称为热插拔。这可能在LeD被插入通电电源且该电源的输出电压大于LeD负载的正向电压时产生。例如，如果

一个LeD在350 mA时的正向电压通常为3 v，而电源在无负载时的输出电压为24 v，则浪涌电流可能流经LeD，直到电源的限流电路起

作用时为止。图3说明了这一点。

2

图1： 图2：
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图3: 热插拔示例

在选择现成驱动电源时，务必检查规格、最大输出电压以及是否采用了软启动保护。此外，最好通过不同的输入和负载条件来彻底测试驱

动电源，以验证其是否具有规定的性能。同样务必确保驱动电源与LeD负载之间保持稳固的连接。连接可能由于机械振动、热扩张／热收

缩或焊点疲劳而变得不稳定。

3. LED过驱动

如果施加在LeD上的电流超过LeD的规定额定电流，就会发生LeD过驱动。例如，XLamp XP-G LeD具有1.5 A的最大额定连续电流。 

在一些特定应用情况下，LeD最好在高于此额定值的电流下工作。由于这是LeD驱动电路中的一种设计选择，因此本应用说明就不在此赘

述此类eoS保护方法。Cree应用说明，Cree XLamp LeD的脉冲过电流驱动：相关信息和注意事项，更有针对性地处理这种情况。2

4.	 反向电压

与市场上的许多其他LeD不同，大多数XLamp LeD均可承受等于器件正向电压的反向电压应用。换句话说，如果LeD负载反接到电源

上并且电源输出电压小于或等于LeD负载的正向电压，则LeD就不会被损坏。但是如果LeD的反向电压较高，即大于额定正向电压的数

倍，则LeD可能受到永久损坏。务必检查各个LeD的数据手册，以确定其反向电压和／或额定电流。如果数据手册中无相关信息，请联系

Cree技术人员。3

2 Cree XLamp LeD的脉冲过电流驱动：相关信息和注意事项，应用说明AP60， 

 www.cree.com/xlamp_app_notes/overcurrent_driving
3 www.cree.com/support/contact-support

 

Figure 3: Hot-plug example 
When selecting an off-the-shelf driver, it is important to check the specifications and verify the maximum output 
voltage and also to check if it employs soft-start protection. In addition, it is a good idea to validate that the driver 
performs as specified by testing it thoroughly under various input and loading conditions. It is also important to make 
sure that robust connections are maintained between the driver and LED load. It is possible for connections to become 
intermittent due to mechanical vibration, thermal expansion/contraction, or solder joint fatigue.  
 
3. Over-driving the LED 
In this case, the current applied to the LED exceeds the specified current rating. For example, the XP-G device has a 
maximum continuous current rating of 1.5 A. In some cases for specific applications, it may be desired to pulse the 
LED at currents above the rating. Because this is a design choice made in the LED driver circuit, this application note 
will not address protection methods for this type of overstress. A separate application note, Pulsed Over-Current 
Driving of XLamp LEDs: Information and Cautions, deals more specifically with this scenario. 
 
4. Reverse voltage 
Unlike many other LEDs on the market, most XLamp LEDs are capable of withstanding application of reverse voltage 
equal to the forward voltage of the device. In other words, if the LED load is connected with reverse polarity to a 
power supply with an output voltage less than or equal to the forward voltage of the LED load, then the LEDs will not 
be damaged. If however, the LEDs are subjected to higher levels of reverse voltage (i.e. greater than several times 
the forward voltage rating), it can cause permanent damage. Be sure to review the datasheet for each device to 
determine the reverse voltage and/or current rating. If the information is not available in the datasheet, contact a 
Cree technical staff member for support. 
 
 
  

24V开路  

3V Vf 

>20A电流尖峰  

停止

图3：

http://www.cree.com/support/contact-support
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过度电性应力对XLamp LED的影响

潜在失效

检测遭受eoS事件的LeD的损坏可能比较困难。损坏通常不是直接和灾难性的，LeD能够继续产生光，因此损坏未被察觉。但是，通

过测量此类LeD的正向和反向偏置电流，可以检测出LeD电气参数的改变。例如，正常XLamp XP-e LeD的反向电流在-10 v时不小 

于-3 μA。受到eoS事件损坏的LeD可能“渗漏”，并且其反向电流会增加（按绝对值计算）。换句话说，如果测量的反向电流

为-10μA，则XP-e LeD就会被视为“渗漏”。各类XLamp器件均对反向电流有特定限制。

灾难性失效

由于LeD不再产生光，因此灾难性失效通常比较容易检测，但是在大型阵列中，单个失效的LeD可能不会被注意到。在因eoS事件而发

生灾难性失效的XLamp LeD上，可以观察到两种常见失效现象，如下所述。这些现象可通过将LeD置于放大镜下看到。其他失效现象则

不容易看到，除非分解LeD封装并用先进的分析技术检查裸芯片。

接合焊盘附近的损坏

如果eoS事件并不严重，则损坏会出现在接合焊盘附近，如图4所示。如果用欧姆表或曲线描绘器测试以这种方式失效的LeD，通常会测

量出短路。这是最常见的eoS失效模式，同时也是几乎所有eoS失效均以短路模式失效的原因。

图4: 接合焊盘损坏的LED芯片

EFFECTS OF ELECTRICAL OVERSTRESS ON XLAMP LEDS 

Latent failures 

Detecting damage to an LED subjected to EOS can be difficult. Often times, the damage is not immediate and 

catastrophic and therefore goes undetected because the LED continues producing light. However, changes to the 

electrical parameters can be detected by measuring forward and reverse bias currents of the suspect LED. For 

example, a normal XP-E will draw a reverse current of no less than -3 μA at -10V. An LED that has been damaged by 

EOS can become “leaky” and its reverse current will increase (in absolute terms). In other words, if the measured 

reverse current for the XP-E were -10 μA, it would be considered “leaky”. Each XLamp device type has specific limits 

for reverse current.  

 

Catastrophic failures 

 

Catastrophic failures are usually easy to detect because the LED will no longer produce light, although in a large array, 

a single failed LED may not be noticed. Two common symptoms are observed on XLamp LEDs that have 

catastrophically failed due to an EOS event. These can be seen by inspecting the LED under magnification. Other 

symptoms are not easily seen unless the LED package is de-processed and the bare chip is examined under advanced 

analysis techniques. 

 

Damage Near Bond Pads 

When the EOS even is less severe, damage will be seen near the bond pads, as shown in Figure 4. Normally LEDs that 

have failed in this manner will measure as a short circuit when tested with an ohmmeter or curve tracer.  

 

 

Figure 4: LED chip with damaged bond pads 

 

Damage to Bond Wires 

Another common failure mode from EOS is damage to the bond wires inside the LED package, as illustrated in Figure 

5 below. This damage usually occurs as a burned wire or a broken wire. In addition, the EOS event can cause damage 

to other materials in close proximity to the bond wires, such as the encapsulant or phosphor. This is more typical of 

longer duration EOS events where the chip first becomes shorted, and then as current continues to flow, the bond 

wires heat up and then melt. LEDs with damaged bond wires may measure as an open circuit or high impedance (e.g. 

>100kΩ) when measured with an ohmmeter or curve tracer. 

Comment [s1]: Need to look at symptoms 
for DA devices 

图4：
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过度电性应力保护器件的类别

可用来帮助保护LeD免受过度电性应力损坏的器件主要有两类：过电压保护器件和限流器件。这些器件的功能是吸收电能，以免电能通过

负载消耗并造成永久性损坏。第三类是反向电压保护器件，此类器件包括诸如势垒二极管这样的元件，以阻止在负载反接的情况下电流向

相反方向流动。

过电压保护器件

过电压保护器件与电子负载并联连接，如图5所示。这些器件被设计为只在达到一定的阈值电压之后才传导电流。其中最常见的两种器件

是金属氧化物变阻器（mov）和瞬态电压抑制器（TvS）。气体放电管（GDT）是另一种常用的电压抑制器件，但这些器件通常用于交

流电源输入，因此不属于本文档的讨论范畴。

图5: 与LED并联的过压保护

mov是压敏电阻器件，旨在保护电子负载免受幅度大、持续时间短的电压尖峰。它们通常用于驱动电

路的输入侧，但也可用于输出侧。

    

Figure 5: Damaged bond wires 

 

 
CLASSES OF EOS PROTECTION DEVICES 

There are two main categories of devices that help protect LEDs from electrical overstress: overvoltage protection and 

current limiting. The function of these devices is to absorb electrical energy that would otherwise be dissipated in the 

load and cause permanent damage. A third category is reverse voltage protection, which includes components such as 

barrier diodes that block current from flowing in the reverse direction if the load is connected backwards. 

 

Overvoltage protection devices 

 

Overvoltage protection devices are connected in parallel to the electronic load (Figure 6). These devices are designed 

so that they do not conduct current until a certain threshold voltage is reached. The two most common type of devices 

are metal oxide varistors (MOV) and transient voltage suppressors (TVS). Gas discharge tubes (GDT) are also another 

frequently used type of voltage suppression device; however, these are normally used on the AC mains input and 

therefore are not within the scope of this document. 

 

 

Figure 6: Overvoltage protection in parallel with LED 

MOVs are voltage dependent resistive devices that are designed to protect electronic loads from high amplitude, short 

duration voltage spikes. They are typically used on the input side of a driver circuit, but they can also be used on the 

output side.  

 

        

Figure 7: Symbols for Metal Oxide Varistor 图6: mOV符号

TvS器件通常是硅基二极管，并且可能是单向或双向的。TvS二极管也用于快速瞬态事件（包括eSD事

件），并且其响应时间往往快于mov，但是其额定钳位电压往往比mov低得多，因此较长的LeD链式

灯具可能需要多个器件。图7显示了双向器件的示意符号。

 

TVS devices are typically silicon-based diodes and may be unidirectional or bidirectional. Figure 8 shows the schematic 

symbol for a bidirectional device. TVS diodes also are used for fast transient events, including ESD events, and tend to 

have faster response times than MOVs; however, their clamping voltage ratings tend to be much lower than MOVs, 

thus multiple devices may be required for longer chains of LEDs.  

 

Figure 8: Symbol for Transient Voltage Suppressor 

 

Either type of device, MOV or TVS, has the limitation that they will only protect against short duration events. Longer 

duration, higher-energy events will result in the device overheating and failing which will in turn lead to eventual EOS 

damage to the LED load. Also, these devices may not protect the LEDs from overvoltage events that are above the 

forward voltage of the LEDs, but below the clamping voltage. Therefore it is important to specify these devices 

carefully.  

 

 

Current limiter devices 

Current limiter devices are connected in series to the electronic equipment to be protected (Figure 5).  As the name 

suggests, these devices are designed to hold the current flow to a specified limit or to break the circuit if a certain 

threshold limit is reached or exceeded. 

 

Current limiter devices are divided into two families: one-time devices and resettable devices. The most common type 

of one-time device is a fuse. Resettable devices are more desirable for use with LEDs as they do not require 

maintenance to replace in the event of a fault. An ideal current limiting device will have minimal power dissipation 

when the current is below the threshold level. 

 

Device Behavior 

One-time 
devices 

Create an open-circuit during EOS event. The device must 
be replaced to restore the circuit to operation. 

Resettable 
devices 

Change resistance during an EOS event. Removing the 
EOS or switching off the power supply will reset the 
device. 

 

 

 

Use of PTC Resistors to limit current 
Positive Temperature Coefficient (PTC) resistors, also called thermistors, are electrical devices that increase their 
resistance when temperature increases, either through the device’s own power dissipation or by an increase in 
ambient temperature. A PTC device in series with an LED array (Figure 9) will decrease the current to the LEDs in an 
over-current situation. 
 

图7: TVS符号

无论是mov还是TvS都只能防止短期事件。持续时间较长和能量较大的事件将导致器件过热和失效，而这反过来会给LeD负载造成最 

终的eoS损坏。此外，这些器件可能无法保护LeD免受高于LeD正向电压但低于钳位电压的过电压事件的损坏。因此，务必仔细指定这

些器件。

5

图5：

图7：

图6：
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限流器件

限流器件与待保护电子设备串联连接。顾名思义，这些器件被设计用于使电流保持在规定的限值内或在达到或超过规定的阈值时断 

开电路，

限流器件分成两类：一次性器件和可复位器件。最常见的一次性器件类型是熔断器。可复位器件更适合与LeD配合使用，因为它们在发生

故障时无需更换。理想的限流器件应在电流低于阈值水平时具有最小功耗。

器件 行为

一次性器件 在eoS事件期间造成开路。必须更换器件，以使电路恢复到其初始状态。

可复位器件 在eoS事件器件改变电阻值。消除eoS或关掉电源就可使器件恢复到其原始状态。

表1:	限流器件行为

使用正温度系数电阻来限流

正温度系数（PTC）电阻也称为热敏电阻，是一种电气器件，能够随着温度升高而通过器件自身的功耗或环境温度的升高来增加电阻。 

在发生过电流的情况下，与LeD阵列串联连接的PTC器件（如图8所示）将减小流向LeD的电流。

图8: 与LED串联的pTC电阻

为了帮助选择适当的PTC器件产品系列，应考虑LeD阵列的最大电压、最大电流和最高环境温度。然后应根据最高环境温度来降低PTC产

品系列的额定电流，以选择会在正常工作条件下保持关闭的特定产品。

使用PTC电阻来限流具有一些挑战。首先，PTC器件必须变热才能提供过电流保护，而这可能需要几十毫秒或更长的时间，直至电阻增大

并开始限流。其次，一旦器件变热，就必须等到在冷却后才可再次提供保护。基于这些挑战，在以下情况下使用PTC电阻提供过电流保护

最为有效：与所用LeD的最大电流相比，正常工作电流相对较小。

PTC
（正温度系数）

图8：

表1：
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用于涌流保护的负温度系数电阻

负温度系数(NTC)电阻提供被动涌流保护。NTC电阻是PTC电阻的补充器件。它们的电阻会随着温度的升高而减少。NTC电阻有两种基本

类别：高电阻和低电阻。高电阻器件常用于热测量。低电阻器件则常用于涌流保护。具体而言，在电源热插拔或初始通电时，NTC器件

提供高电阻值以保护LeD免受涌流的损坏。在器件瞬态时间之后，NTC电阻将开启并且其电阻变得可忽略不计。

图9显示了带和不带NTC器件保护的电路的涌流示例。

图9:	涌流示例

使用NTC电阻进行被动涌流保护具有一些挑战。一旦器件变热，就需要一个冷却期，才可有效吸收后续的过电流事件。其次，NTC电阻

的能耗将降低LeD灯具的总效率。通过NTC电阻的能耗取决于环境温度和所用的驱动电流，但这种损耗可能比较显著，特别是在环境温

度比较低的情况下。NTC电阻在以下情况下可能是比较好的解决方案：许多LeD串联并且最大电源电压不超过LeD阵列的最大正向电压。

反向电压保护

保护LeD负载免受反向电压的最简单方法之一是串联势垒二极管。二极管的额定反向电压应大于驱动电源的最大输出电压。这种方法 

的一个缺点是额外功率被消耗在二极管中。图10显示了带肖特基二极管的LeD电路示例，这种二极管具有低于标准二极管的正向 

电压降。

不带NTC

带NTC

图9：
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图10: LED电路中的肖特基势垒二极管

在大多数应用中，无需增加势垒二极管。

组合器件

最近业界开发了一类新器件，这种器件以单一封装将  PTC电阻与TvS结合起来。这种器件可提供过电流保护以及过电压和反向电压保护。

示例如图11所示。4

图11:	组合保护器件

主动保护电路

对于具有较高最大输出电压或具有最高效能要求的电源来说，主动过电流保护可能优于被动器件。主动保护电路具有仅几毫欧姆（而非几

欧姆）的通态电阻，并可在几毫秒而不是几分钟内复位。此外，主动保护器件可有效防护在连续工作期间而非仅在接通时可能发生的其他

瞬态事件。

有一种限流方法被称为折返。该方法所采用的电路可检测到超过阈值的情况并随后降低到负载的电压，而这反过来降低了到负载的电流，

如图12中的曲线所示。这种技术常用于线性电源中。

4 图片来自Te Connectivity公司的PolyZen器件（聚合物保护齐纳二极管），

 www.te.com/catalog/pn/en/rF1500-000?rQPN=ZeN056v075A48LS

 
Reverse Voltage Protection  
One of the easiest ways to protect an LED load from reverse voltage is by putting a barrier diode in series. The 
reverse voltage rating of the diode should be greater than the maximum output voltage of the driver. In most 
applications adding a barrier diode will not be necessary. A disadvantage of this approach is that additional power will 
be dissipated in the diode. Below is an example of an LED circuit with a Schottky diode, which has a lower forward 
voltage drop than a standard diode.  

 

Figure 11 : Schottky Barrier Diode in LED Circuit  
 

 

Combination Devices  

A new class of device has been developed recently that combined a PTC resistor with an TVS in a single package. This 
type of device can provide over-current protection as well as overvoltage and reverse voltage protection. An example 
is shown below in Figure 12.  

 

Figure 12 : Combo protection device  

 
 

 

ACTIVE PROTECTION  CIRCUITS  

For power supplies with high maximum output voltages or with requirements for the highest possible efficacy, active 
over-current protection may be a better option than using passive devices. Active protection circuits have on-state 
resistance of just a few milliohms (instead of several ohms) and reset within milliseconds instead of minutes. In 
addition, active protection can be effective against other transient events that could occur during continuous operation 
and not just at turn-on. 
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图12: 折返限流

另一种被称为消弧电路的方法则采用半导体闸流管器件，如三端双向可控硅开关或可控硅整流器（SCr）。这些电路对于高压负载可能

是有用的。消弧电路的工作原理是感测高于某个阈值的电压并激活开关器件（例如，三端双向可控硅开关元件或SCr），以将电流从负

载分流开。这反过来激活了保护器件（如断路器或熔断器）。

第三种方法采用的是PmoS晶体管电路（如图13所示）。这种方法所采用的传感电阻带有控制电路，可关闭PmoS晶体管或控制其栅极

电压以限制电流。

图13: 负载开关电路

添加几个元件就可非常有效地保护LeD阵列免受因浪涌或热插拔而引起的大电流尖峰。终端产品可靠性的大幅提高可轻松弥补少量的额外

元件费用。

结语

正确的灯具设计是在不断发展的LeD照明市场中推出成功产品的关键。大多数产品设计人员都知道良好的热学、光学和电气设计原理，但

可能未考虑过增加保护电路来防范不当使用或热插拔所造成的损坏。并非每种应用都需要过度电性应力保护，而且增加此类保护会增加设

计成本并可能降低产品效率。

 

Figure 13: Fold -back current limiting  
 
One method of limiting current is known as fold-back. This involves implementing circuitry that will detect when the 
threshold has been exceeded and then reduce the voltage to the load, which in turn reduces the current to the load, 
as shown in the curve in Figure 13. This technique is often used in linear power supplies.  
 
Another method is known as a crowbar circuit and involves using thyristor device, such as a triac or SCR (silicon 
controlled rectifier). These circuits can be useful for high voltage loads. A crowbar circuit works by sensing a voltage 
that is above a certain threshold and activating a switching device (e.g. triac or SCR) to shunt the current away from 
the load. This in turn will activate a protection device such as a breaker or fuse. 
 
Yet one additional method involves using a PMOS transistor circuit such as the one in Figure 14. A sensing resistor is 
used along with a control circuit that will either turn off the PMOS transistor or control its gate voltage to limit the flow 
of current.  

 

Figure 14: Load Switch Circuit  
 
The addition of a few components can be very effective in protecting the LED array from a large current spike due to 
inrush or hot-plugging. The huge increase in end-product reliability could easily justify the small additional cost for the 
components.  
 
CONCLUSION  

Proper design of a luminaire or lamp as a system is the key to making a successful product in the growing LED lighting 
market. Most product designers are aware of good thermal, optical and electrical design principles, but may not have 
considered adding protection circuits to guard against improper usage or hot-plugging. Not every application will need 
electrical overstress protection, and adding such protection will add cost to the design and possibly decrease 
efficiency.  
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但为了尽量降低因热插拔而引起的风险，Cree强烈建议给未带板载电源的LeD灯具或模块增加一定级别的保护。习惯于安装传统照明

产品的安装人员可能会偶然对电源热插拔LeD负载，从而导致LeD灯具失效。使用简单、低成本的保护电路可大幅降低照明客户的退货

率。eoS（特别是热插拔）是Cree在被退货的LeD中观察到的最常见问题。

此外，Cree建议对LeD灯和灯具进行广泛的测试，包括浪涌阻抗、功率循环和电磁兼容性测试。很常见的是，产品开发人员急于向市场

推出未经证实的产品，但在推出数周或数月后就发现产品因过度电性应力失效了，而这些失效本可以通过增加保护电路来轻松防范。

Cree的市售“热学、电气、机械、光度及光学”（简称“TemPo”）服务可为采用LeD技术的灯和灯具的设计、验证和测试提供

帮助。部分此类测试侧重于LeD电源及其过滤电气瞬态（通常与eoS相关）的有效性。有关该服务的更多详情可在Cree上查阅： 

www.cree.com/tempo。

如果您怀疑您的LeD已受到过度电性应力的损坏，请联系Cree的技术支持人员获得帮助。

有用的链接

1. 可提供电路保护解决方案的制造商的名单可在Cree网站上查阅：

www.cree.com/led-components-and-modules/tools-and-support/solution-providers/cree-solution-providers

2. 以下由两部分组成的视频是对本应用说明的补充。

第1部分提供了有关eoS、该现象的常见原因及其可能对LeD的可靠性和性能造成的影响的背景信息。

cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/
Files/Cree/videos/Components%20modules/XLamp/eoS/CreeelectricaloverstressPartI21Sep2012.mp4

第2部分演示了实际的eoS事件以及保护LeD免受破坏性影响的简单方法。

cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/
Files/Cree/videos/Components%20modules/XLamp/eoS/CreeelectricaloverstressPartII21Sep2012.mp4

3. 有关由Cree服务部提供的TemPo测试套件的信息可访问以下网址查阅：www.cree.com/tempo

4. 可访问以下网址获取Cree客户服务：www.cree.com/support/contact-support

http://cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/Files/Cree/Videos/Components%20Modules/XLamp/EOS/CreeElectricalOverstressPartI21Sep2012.mp4
http://cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/Files/Cree/Videos/Components%20Modules/XLamp/EOS/CreeElectricalOverstressPartI21Sep2012.mp4
http://cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/Files/Cree/Videos/Components%20Modules/XLamp/EOS/CreeElectricalOverstressPartII21Sep2012.mp4
http://cd2.cree.com.verndale-uat.com/led-components-and-modules/products/xlamp/arrays-nondirectional/~/media/Files/Cree/Videos/Components%20Modules/XLamp/EOS/CreeElectricalOverstressPartII21Sep2012.mp4
http://www.cree.com/support/contact-support

