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Power MOSFET failures in mobile PMUs: 
Causes and design precautions

Introduction
Power MOSFETs in automotive systems and in mobile 
devices being charged or operated in automobiles may be 
subjected to harsh operating environments and intense 
transients from power equipment and transmitters. 
Moreover, caustic contaminants in the atmosphere and on 
exposed conductive surfaces of circuit boards 
can induce low-impedance paths. Over time, 
these low-impedance paths and transient 
events like overloading, electromagnetic cou-
pling, and inductively induced spikes from 
the operating environment can cause destruc-
tive electrical overstress (EOS) conditions. 
Such conditions may cause a large current to 
flow across a MOSFET power switch in a very 
short time.

This article addresses special design consid-
erations and failure analysis of high-frequency 
switchers and regulators employing external 
feedback components for mobile and automo-
tive applications. The goal is to help familiar-
ize designers with various mechanisms and 
circumstances that may lead to destruction of 
on-chip power switches. Techniques for avert-
ing and eliminating the effects of EOS condi-
tions are discussed to help improve end-user 
products and PCB designs. This article also 
presents tips for conducting lab tests and sug-
gests good engineering practices to obviate 
potential problems from occurring in high-
density/ultracompact mobile designs.1, 2

Case studies
In 2011, a designer reported a shorted NMOS 
switch in the step-down DC/DC converter of 
the Texas Instruments (TI) LM26484 PMU 
during in-house testing. This regulator was 
designed into a new instrumentation panel. 
The banks of LEDs powered by a buck con-
verter were operating in light-load conditions. 
TI asked the designers to monitor the voltage 
at the supply pins around the clock for tran-
sients above 6 V. They confirmed that tran-
sient spikes were peaking at over 8 V for 
 hundreds of nanoseconds, which occurred 
 frequently. The device’s absolute maximum 
limit on the supply pin is VIN = 6 V!

It was suspected that a parasitic NPN (formed by n+ (S), 
p– (well), and n+ (D) as shown in Figure 1) may have 
turned on hard when the p– (well) base biased up the 
emitter from n+ (S), a classic EOS scenario in power 
devices. Figure 2 shows an equivalent-circuit model of a 
MOSFET device with parasitic components.
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Figure 1. Cross-section of a typical MOSFET 
structure and relevant parasitic elements
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引言

汽车系统以及在汽车上充电或者工作的移动设备内部的

功率MOSFET，可能工作在恶劣的环境下，并承受来

自电源设备和发射器的大强度瞬态。另外，空气中以及

电路板裸露导电表面的腐蚀性污染物，会引起低阻抗通

路。时间一长，这些低阻抗通路和瞬态事件

（例如：过载、电磁耦合和工作环境产生的

易发尖峰等），会导致产生破坏性的电气过

应力（EOS）状态。这种状态可能会使强电

流在非常短的时间内流过MOSFET功率开

关。

本文为您介绍将外部反馈组件用于移动式车

载应用的高频开关和稳压器的特殊设计考虑

和故障分析，目的是帮助广大设计人员熟悉

可能导致片上功率开关损毁的各种机制和环

境。我们讨论了避免和消除EOS状态影响的

一些方法和技术，帮助改进终端用户产品和

PCB设计。本文还介绍了一些进行实验室测

试的小技巧，并给出了避免高密度/超紧凑

型移动设计出现问题的优秀工程方法。1，2

案例研究

2011年，一名设计人员报告称在进行室内测

试时TI LM26484 PMU降压DC/DC转换器的

NMOS开关短路。这种稳压器被集成到一

种新的仪表板内。由一个降压转换器供电的

LED灯组工作在轻负载状态下。TI要求设计

人员对时钟周围的电源引脚电压进行监测，

看是否出现6V以上的瞬态。他们证实瞬态

尖峰达到8V以上，持续时间数百纳秒，且

经常出现。器件的电源引脚绝对最大限制为

VIN=6V！

人们怀疑当p-（well）基极使发射极向上偏

离n+ (S)时（电源器件中一种典型的EOS状

态），寄生NPN（由n+ (S)、p– (well)和n+ 

图 1 典型MOSFET结构和相关寄生组件的模截面

图 2 相关寄生组件典型MOSFET的模型

(D)组成，如图1所示）可能猛然开启。图2显示了带寄

生组件的MOSFET器件的等效电路模型。
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Examining the PCB layout (Figure 3) revealed that the 
top traces of the power pins had a single via tapped into 
the power plane, and their longer tracks made the bypass 
capacitors ineffective. To prevent this situation from aris-
ing again, TI has suggested improved design guidelines. 
For example, adequately large bulk capacitors need to be 
added between the VIN and ground planes. Also, local 
bypassing needs to be augmented with additional capaci-
tors covering broader frequency bands. These precautions, 
shown implemented in Figure 4, will keep large transients 
from stressing the PMU’s integrated circuit.

A more involved solution for eliminating EOS is to place 
the bypass capacitors closer to the power and ground 
pins, as shown in Figure 5. Note that the power-ground 
tracks have been widened and include liberal use of larger 
vias. This recommendation became a viable solution for 
the customer.

In 2012, another customer reported experiencing some 
failures with another PMU of the same family that had 
dual buck converters and dual LDOs. The 
buck-converter switches either shorted out or 
opened soon after the system left the factory. 
This PMU was powered from a stepped-down 
supply in an automotive application. With 
many infotainment and safety systems 
becoming standard equipment in cars starting 
in 2014, the PMU production rate is projected 
to increase by approximately tenfold, creating 
a concern for all parties involved. Although no 
anomalies have been discovered in the cus-
tomer’s rigorous testing for device- and board-
level stress, some infrequent failures have 
occurred. In general, there are many known 
mechanisms and opportunities involved in 
vehicular applications that potentially could 
induce abnormal input-voltage transients, 
leading to device damage.

Common causes of EOS
Many EOS conditions on PMUs arise from 
inadequate design considerations or overlook-
ing subtle parasitics in some systems. This is 
especially true in industrial/automotive appli-
cations, wherein unusual ambient conditions 
or differences in the electromechanical layout 
can manifest reliability issues. EOS can also 
be related to the manufacturing process, test-
ing, and component aging.

The following discussion presents some of 
the most common EOS culprits. Appropriate 
design tips and suggestions are included to 
help designers eliminate EOS problems. A 
typical means of identifying failure mechanisms is well-
documented. It is strongly suggested that readers seeking 
more information also study the physics of failure via 
 failure-mode mechanisms and effects analysis (FMMEA).

Figure 3. PCB with two LM26484s provides four 
buck converters and two LDOs
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Figure  5. Improved layout with bypass 
capacitors closer to power and ground pins

查看PCB布局（图3）我们知道，电源引脚的顶部线路有

一个接进电源层的过孔，而其更长的线路让旁路电容器

无效。为了防止再次出现这种情况，TI已经建议改进设

计指导方法。例如，需在VIN和接地层之间添加足够大

的大容量电容器。另外，还需要增加本地旁路设计，使

用更多的电容器覆盖更宽的频率带。这些预防措施（实

施方法如图4所示），将使大瞬态不会对PMU的集成电

路产生应力伤害。

一种更加复杂的EOS消除解决方案是将旁路电容器更加

靠近电源和接地引脚放置，如图5所示。注意，电源-接

地线路被加宽，并可自由更大的过孔。我们建议客户使

用这种解决方案。

2012年，又有一名客户报告相同系列产品的另一种PMU
出现数次故障。这种PMU拥有双降压转换器和双LDO。

图 3 两个LM26484的PCB拥有4个降压转换器

图 4 一种更加稳健的线压滤波器

图 5 旁路电容器更靠近电源和接地引脚的

和2个LDO

和旁路举例

改进布局

在系统离开工厂不久，该降压转换器便在

短路和开路之间切换。在车载应用中，这

种PMU通过一个降压电源驱动。2014年开

始，许多信息娱乐和安全系统将成为汽车的

标准设备，预计PMU生产速率将增加约十

倍，从而让其受到各相关方的关注。尽管在

严格的客户器件和板级应力测试中并未发现

异常，但还是出现了一些少见故障。总之，

车载应用涉及许多众所周知的原理和因素，

其有可能会引发异常输入电压瞬态，从而导

致器件损坏。

常见EOS原因

许多PMU上的EOS状态均产生自设计考虑

不周或者忽略了一些系统的微波寄生问题。

在工业/车载应用中更是如此，因为一些特

殊环境条件或者机电布局差异体现可靠性问

题。EOS还会与制造过程、测试和组件老化

有关。

下面的内容介绍一些最常见的EOS原因。我

们还为您提供了相应的设计小贴士和建议，

帮助广大设计人员消除EOS问题。我们详细

说明了一种典型的故障机理识别方法。若想

了解更多信息，强烈建议读者通过故障模式

机理与效应分析（FMMEA）研究故障的物理性。
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EOS caused by battery and wiring in automotive 
applications
Whenever a vehicle’s 12-V battery voltage falls too low, as 
in cold weather and cranking operations, the onboard 
PMU’s control, timing, and decision-making circuits may 
malfunction before undervoltage lockout (UVLO) comes 
to its rescue. As a result, undesirable effects  such as 
shoot-through and disengaged clamping can stress the 
MOS switches and cause permanent damage over time.

High-voltage, fast edge-rate transients are another com-
monly encountered cause of instantaneous device damage. 
Another example, load dumping, is when the 12-V battery 
is momentarily removed from the alternator connection. 
Due to the inductive effect from the long wirings involved, 
the loads can experience a sudden increase in potential at 
over 100 V, which may last for hundreds of milliseconds 
before it decays to normal levels.

High-voltage spikes in fast transients can propagate 
from the MOSFET’s drain terminal to the gate via terminal 
capacitance. This can rapidly bias up the gate, potentially 
leading to runaway conditions. Normally, slightly exceed-
ing the recommended maximum operating supply voltage 
might not be a destructive event. However, when the 
suppply voltage exceeds the maximum level and sustains 
sufficient energy, it can cause the device to short-circuit in 
a few nanoseconds or lead to an avalanche breakdown. 
Moreover, loose or poorly secured battery-cable connec-
tions can manifest similar high-voltage transients if sub-
jected to strong and abrupt mechanical vibrations.

Inadequate or poor power-supply bypassing
Inadequate supply bypassing can cause abnormal opera-
tion that may lead to shoot-through stress from timing 
issues. A proper bypass capacitor must have a voltage 
 rating that adequately covers peak voltage transients. 
Leakage and parasitic inductance from traces are among 
the sources that cause the largest, most severe L(di/dt) 
overstress pulses created at the pulsing terminal of a 
switcher. These high-energy pulses can lead to device 
breakdown as previously described. Hence, taking proper 
precautions to eliminate unwanted inductive paths is 
imperative. For example, bypass capacitors should be 
placed as close as possible to the device rail pins. A thick 
metal trace should be used as much as is allowable on all 
high-transient paths to further cut down parasitic induc-
tance. Finally, transient-suppressing elements or similar 
techniques should be used as appropriate to attenuate 
potentially destructive high-voltage spikes.

Shorted output from overloading and/or a defective load 
capacitor
When a switcher’s output current (IOUT load) exceeds the 
rated limit, built-in protection circuits usually prevent any 
immediate damage to the device. However, frequent over-
current events can lead to accumulated EOS conditions, 
which over time may cause permanent device damage. 
Such damage is associated with the finite delay time, typi-
cally in the range of microseconds, required before the 
protection circuit kicks into action. Other than true loading 

shorts, a defective output capacitor can effect a low-
impedance path that creates a dynamic short-circuit 
 current in parallel with the maximum loading—thus pro-
ducing another continuous EOS condition.

Temporary high-overcurrent operation with synchronous 
switches
The MOSFET body diode generally has a long reverse 
recovery time compared to that of the MOSFET switch 
itself. If the body diode of one MOSFET is still conducting 
when the opposing complementary device has switched 
on, then a short-circuit condition similar to shoot-through 
occurs. This can happen due to timing issues from parasit-
ics or from the circuit or device design (see Figures 1 and 
2). Furthermore, internal parasitic inductance and capaci-
tance can store energy that, under certain conditions, 
additional current may freewheel through the body diodes 
of the FET switches as one turns off and the other turns 
on. This is the classic parasitic-capacitance mechanism, 
C(dv/dt), with high-speed switching that can lead to con-
tinuous high-peak-current transients with no dependence 
on load conditions.

This type of EOS increases dramatically when coupled 
with power-rail integrity issues as discussed before. The 
circumstance can be improved or eliminated with more 
accurate design and simulation of the power-train circuitry 
and/or by augmenting protective devices, such as a 
Schottky diode across the drain and source of the 
MOSFET. Using a Schottky diode is a proven technique to 
prevent the body diode from being turned on by the free-
wheeling current. Eliminating excessive undershooting 
below ground that could cause noise and turning on para-
sitic pn junctions also lends another benefit—the Schottky 
diodes may moderately increase switcher efficiency.

Device-failure verification and analysis
Failure analysis (FA) utilizes visual inspection, impedance 
measurements, X-rays, SAT.Sam, emission hot-spot 
OBIRCH analysis, SEM, and SCM tools and techniques, 
etc., to identify failure-mode mechanisms and root causes 
of device failure. Failure analysis also examines whether 
general oversights in a customer’s design or manufacturing 
process may be the cause. When the cause is identified, TI 
issues relevant advisory and containment actions to inter-
nal and external customers to help prevent failure from 
reoccurring.

Failure-mode mechanisms

1. Electrostatic-discharge (ESD) destruction or gate surge:
Device-junction or oxide-rupture damage (a short or 
leakage) can occur as a result of improper handling dur-
ing assembly and testing of the device and system. 
These mechanisms introduce electrostatic charges onto 
the device and/or create external high-voltage surge 
events that reach the switch circuit.

For example, an ESD event between a fingertip and 
the communication-port connectors of a cell phone or 
tablet may cause permanent system damage. As process-
technology nodes continue to shrink, device-level ESD 

车载应用中电池和接线引起的EOS

无论何时，只要汽车的12V电池电压过低（例如，寒冷

天气下启动引擎时），在欠压锁定（UVLO）开始保护

以前板上PMU的控制、时序和决策电路可能就会出现故

障。结果，直接导通和分离钳位等不良效应便会对MOS
开关产生应力，时间一长可引起永久性损坏。

高压、快沿速率瞬态是引起器件瞬间损坏的另一个常见

原因。例如，随便地从交流发电机连接口取下12V电池

时，便会发生负载倾卸。由于较长的接线存在电感效

应，因此100V以上时负载会承受电位突然上升，其在降

至正常水平以前会持续数百毫秒时间。

快速瞬态的高压尖峰会通过端电容从MOSFET漏端传播

至栅极。它会迅速地使栅极电压偏置升高，可能导致出

现完全失控状态。正常情况下，稍微超出建议最大工作

电源电压并不会成为一种破坏性的事件。但是，当电源

电压超出最大水平并维持足够的能量时，它便会使器件

在数纳秒内短路，或者导致出现雪崩击穿。另外，如果

遇到强烈而突然的机械振动，不牢固或者不牢靠的电池

线缆连接会出现类似的高压瞬态。

不足或较差的电源旁路

电源旁路不足可引起异常工作，可能导致时序问题带来

的直通应力。正确的旁路电容器必须具有一个足以覆盖

峰值电压瞬态的额定电压。走线的漏电感和寄生电感，

是引起开关脉冲端形成的最大、最严重L（di/dt）过应力

脉冲的根源之一。如前所述，这些高能量脉冲会导致器

件击穿。因此，必须采取适当的预防措施来消除这些不

需要的电感通路。例如，应尽可能靠近器件轨引脚放置

旁路电容器。在所有高瞬态通路上尽可能地使用粗金属

导线，以进一步降低寄生电感。最后，应正确地使用瞬

态抑制组件或者类似方法，以削弱潜在破坏性的高压尖

峰。

过载和/或异常负载电容器的短路输出

当某个开关的输出电流（IOUT负载）超出额定限制时，

内置保护电路通常会阻止对器件的直接损坏。但是，频

繁出现的过电流事件会导致累积EOS状态，时间一长，

它会引起永久性器件损坏。这类损坏与有限延迟时间有

关，其范围通常为数微秒，而保护电路此时还没有起作

用。与真正的负载短路不同，异常输出电容器可影响低

阻抗通路，其形成一个与最大负载并联的动态短路电

流—从而产生另一个持续EOS状态。

同步开关临时高过电流工作

相比MOSFET开关本身，MOSFET体二极管通常有一个

较长的反向恢复时间。如果一个MOSFET的体二极管在

对面补充器件开启时仍然导电，则出现类似于直通的短

路状态。这种状态的产生是由于寄生或者电路或器件设

计带来的时序问题（参见图1和2）。另外，内部寄生电

感和电容可存储能量。在某些条件下，额外电流可能会

自由流过FET开关的体二极管，因为一个关闭时另一个

开启。这是一种典型的寄生电容机制C（dv/dt），其具

有高速开关，而这种高速开关会导致持续的高峰值电流

瞬态，并且不依赖于负载状态。

结合以前我们讨论过的电源轨完整性问题时，这类EOS
急剧增加。利用更加精确的设计和传动电路模拟以及

（或者）通过增加保护器件（例如，在MOSFET漏极和

源之间添加一个肖特基二极管），可以改善或者消除这

种状态。使用肖特基二极管，是防止体二极管被自由电

流开启的一种成熟方法。过多的接地以下欠冲会引起噪

声和开启寄生pn结点，消除这种欠冲还可带来另一个好

处—肖特基二极管会适度增加开关效率。

器件故障确认与分析

故障分析（FA）利用目视检查、阻抗测量、X射线、SAT.

Sam、辐射热点OBIRCH分析、SEM和SCM工具和技术

等，目的是找出故障模式机理和器件故障的根本原因。

故障分析还要检查客户设计或者制造过程中存在常见疏

忽问题，而这些问题可能就是出现故障的原因。在找到

故障原因以后，TI会为内部和外部客户提供相关建议和

预防措施，帮助防止再次发生此类故障。

故障模式机理

1、静电放电（ESD）破坏或者栅极浪涌：

器件和系统装配和测试期间的错误操作，会导致器件接

合或者氧化物断裂损坏（短路或者漏电）。这些因素会

把静电电荷带至器件上和/或形成达到开关电路的外部高

压浪涌事件。

例如，在手机或者平板电脑通信端口连接器与指尖之

间发生的一次ESD事件，便可能会导致永久性的系统损

坏。随着生产过程技术节点的不断压缩，器件级ESD保

护已不足以满足系统级要求。瞬态吸收器或者瞬态电压

抑制器，例如：TI的TPD1E10B06保护二极管等，较好

地弥补了这方面的不足。
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protection becomes inadequate on a system level. A 
transorb, or a transient-voltage suppressor such as TI’s 
TPD1E10B06 protection diode, is a good  remedy.

2. Wear-and-tear mechanisms:
• A die fracture may occur in extreme temperature cycling

• Over time, high-voltage stress may induce dielectric 
breakdown that will become a gate-oxide short circuit

• Wire bond and metal routes can open due to EOS from 
current overload, etc.

• A voltage transient on the supply lines can cause 
 damage to passive and active devices on the die

3. PCB elements and environment:
• A circuit failure may occur due to humidity, presence  

of a contaminant, or filaments becoming conductive

• A die fracture may occur due to shock, vibration, 
 material fatigue, etc.

• Loss of polymer strength, known as glass transition 
 failure, may occur under high-temperature stress

• Bypass and load capacitors may be leaky or shorted

• Inductor windings may short-circuit due to wear and 
tear of insulation under high-temperature stress or 
mechanical vibration

4. Component aging and inadequacy:
Because aging components may contribute to MOSFET 
failures even if they initially meet datasheet specifica-
tions,1 manufacturing and product-engineering depart-
ments are encouraged to perform testing and burn-in of 
parts at ratings slightly above datasheet limits. This 
ensures that marginal devices with inherent wafer-
defect density and random process-related issues are 
weeded out. It may be better to lose some yield at pro-
duction than to be accountable for and spend valuable 
resources on field failures later on.

Failure-analysis results
In the 2012 case study mentioned earlier, where the 
switch’s drain and source channels were fused together in 
an automotive application, the customer could not deter-
mine that the PMU IC, the circuit board, or the subsystem 
had a reliability problem. Each was rigorously tested and 
stressed beyond specification limits, and no failure ever 
surfaced. The culprit might have been the layout; the elec-
trical plumbing; the system installation; and/or the operat-
ing conditions, such as cold cranking, a weak battery, or 
intermittent connection of long/loose power cabling.

Because the customer and its subcontractors were 
unable to reproduce the initial failure in their lab, they 
needed confirmation and sought assistance from TI. 
Examples of in-house failure-analysis results are depicted 
in Figures 6 and 7.

Figure 6. High-side pFET shorted to the VIN rails

Figure 7. Low-side nFET shorted to ground

Failure analysis suggested that the burn marks reflected 
in the deprocessed dies were likely the consequence of 
EOS conditions. To validate this assumption, it was dem-
onstrated that the failures could be induced in lab setups 
for (1) 5-V operation and (2) start-up conditions. By using 
a Keithley 2420 3-A source meter—a versatile power sup-
ply whose amplitude, frequency, and on/off times can be 
programmed—VIN was programmed at 5 V and injected 
with a 50-ms pulse that repeated at 100-ms intervals. With 
loading at 200 mA and above, the pulse amplitude was 
increased at 0.5-V increments at 5-minute intervals until 
abnormal current was observed. The part was then 
decapped to visually confirm EOS. The results revealed 
that when the peak-to-peak pulse voltage reached approx-
imately 7.5 V or more, the switches shorted out. Moreover, 
if pulses were to peak further to 9 V, the ESD structure 
might also be damaged.

2. 磨损机理

 在极端温度周期循环下可出现芯片断裂

 随时间推移，高压应力可能诱发电介质击穿，从而成

为一个栅极氧化短路电路

 由于电流过载引起的EOS，焊线和金属线路开路

 电源线电压瞬态可引起芯片无源和有源器件损坏

3. PCB组成与环境：

 由于湿度、杂质或者变为导体的细线，可能发生电路

故障

 由于冲击、振动、材料疲劳等，可能发生芯片断裂

 高温应力条件下，聚合物强度可能失去（称作玻璃转

化失效）

 旁路和负载电容器可能漏电或者短路

 高温应力或者机械振动条件下，由于绝缘材料的磨

损，电感绕组可能会短路

4、组件老化和机能不全：

由于老化组件会促进MOSFET故障（它们起初能够达

到数据表规范），因此我们鼓励制造和产品工程部栅极

以稍高于数据表极限的额定值来进行部件老化测试。这

样做可以确保将那些本身有晶片缺陷密度和随机程序相

关问题的边缘器件剔除出去。即使产量为因此而下降一

些，但也好过以后花大量的精力和资源处理故障问题。

故障分析结果

在前面提到的那个2012年案例中，开关的漏极和源通道

均集成到车载应用中，客户无法确定是PMU IC、电路板

还是子系统存在可靠性问题。它们中的每一个都经过了

严格的测试，并承受过超出规范极限的应力，均没有出

现故障。原因可能是布局、电气管线、系统安装和/或工

作状态，例如：冷启动、弱电量或者长/松散电源线缆连

接不牢。

由于这名客户及其承包商均无法在其实验室中重现这种

故障，因此他们需要证实故障，并向TI寻求帮助。图6和

7说明了室内故障分析结果的一些例子。

图 6 高侧pFET短路至VIN轨

图 7 低侧nFET短路至接地

故障分析显示，芯片内反映的烧痕可能是EOS状态的结

果。为了验证这种假设，可在一些实验室装置上诱发这

种故障，模拟（1）5V工作和（2）启动状态。利用一个

吉时利（Keithley）2420 3A电源表（一种万能电源，可

对其振幅、频率和导通/关闭时间进行编程），VIN编程为

5V，并注入50ms脉冲，每100ms间隔时间重复一次。

负载为200mA及以上时，脉冲振幅以5分钟间隔以0.5V
增量提高，直到观察到异常电流。之后，我们通过目视

证实了EOS的存在。结果显示，当峰到峰脉冲电压达到

约7.5V或者更高时，开关短路。另外，如果脉冲要达到

9V峰值，则ESD结构也可能被损坏。
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Reproducing a short circuit from the switches during 
start-up was more challenging, however. With a bench 
supply cycling the buck converters on and off, VIN issued 
relatively slow and smooth start-up transients and settled 
in at about 6 ms (Figure 8). Even with the supply set to 
slightly over 7 V, the switchers did not fail over days of 
stress testing.

In order to make the operation mimic in-vehicular con-
ditions more closely, the cable length between the supply 
and the device was increased from about 30 cm to about 
1.5 m. These longer wires, typically routed from the 12-V 
battery to the device, created more inductance. Further-
more, the soft power cycling from the power supply was 
replaced with a mechanical toggle switch such that the 
mechanical bounce and chatter behaved more like tran-
sients introduced by mechanical relay contacts (Figure 9).

The tests were conducted with the power-supply output 
set at 5.0 V, then the toggle switch was flip-flopped 20 
times. If no overcurrent failure was detected, the supply 
voltage was increased by 0.2 V, the switch was again tog-
gled on and off 20 times, and the process repeated until 
the part failed. The result was a stunning success! The 
buck converter’s high- or low-side switch became shorted 
with the power-supply output at about 7.5 VDC. The VIN 
pins monitored with a 10-pF probe exhibited faster turn-
on transients, which caused an overshoot above 11 V in  
20 µs. The actual L(di/dt) could have been a lot higher, 
creating a repeatable destructive EOS condition. The 
 customer was elated that this bench setup replicated the 
same failures as in the field.

Conclusion
This article has discussed common device-failure mecha-
nisms related to MOSFET transistors in integrated power-
management and voltage-regulator circuits. General pre-
cautions, specific PCB layout techniques, and component-
selection tips have been presented to help mitigate and 
eliminate EOS concerns. It is hoped that this article will 
help system and PCB designers be aware of the EOS 
effects of seemingly benign parasitic elements that can be 
subjected to transients in the PMU operating environment. 
Product and field support personnel may also find this 
article useful for understanding the cause and effect of 
EOS to facilitate their interface with customers.
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但是，再现启动期间开关短路很有挑战性。一个实验电

源让降压转换器不断重复导通和关闭，这时VIN出现相对

慢而平稳的启动瞬态，并在约6ms后稳定下来（图8）。

即使让电源设置稍高于7V，经过数天的应力测试，开关

也不会故障。

为了更加真实地模拟车上的条件，电源和器件的线缆长

度从约30cm增加至约1.5m。这些较长的连线通常从12V
电池连接至器件，形成更多的电感。另外，用一个机械

开关代替电源的软性反复开关方法，这样机械弹力和颤

动更像由机械继电器触点引起的瞬态（图9）。

测试的电源输出设置为5.0V，开关工作20次。如果没有

检测到过电流故障，则电源电压增加0.2V，开关再工作

20次，该过程一直重复直到组件故障为止。结果，我们

取得了巨大的成功！电源输出在7.5VDC时，降压转换器

的高或低侧开关出现短路。使用一个10pF探针监测的VIN

引脚出现了更快速的导通瞬态，其导致一次20 µs的11V
以上过冲。实际L(di/dt)可能要高很多，从而形成一种可

重复破坏性EOS状态。对于这种实验装置能够再现与现

实状况一样的故障，这名客户非常高兴。

结论

本文讨论了集成电源管理与电压稳压器电路中MOSFET
瞬态相关的一些常见器件故障机理。我们还介绍了许多

通用预防措施、具体PCB布局方法和组件选择技巧等，

帮助缓解和消除EOS问题。我们希望，本文能够帮助系

统和PCB设计人员了解一些看似温和无害的寄生组件的

EOS效应，它们会遭受PMU工作环境的瞬态。另外，本

文还可以帮助产品和现场技术支持人员理解EOS的原因

和影响，促进与客户的沟通和交流。
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律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom

放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer

数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps

DLP® 产品 www.dlp.com 能源 www.ti.com/energy

DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial

时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical

接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security

逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive

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

微控制器 (MCU) www.ti.com.cn/microcontrollers

RFID 系统 www.ti.com.cn/rfidsys

OMAP应用处理器 www.ti.com/omap

无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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