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35-V, single-channel gate drivers for IGBT and 
MOSFET renewable-energy applications

Introduction
The electronics market segment labeled as renewable 
energy is a complex and diverse arena for electric power 
conversion. In point-of-load applications, the switching 
power converter typically is non-isolated; power levels are 
fairly low (<200 W); and the power is usually converted 
from one DC voltage to another, such as from 12 V to 3.3 V. 
Further, the power-stage switches are integrated or capable 
of being driven by low-current controllers or transistors. 
Integration between the controller and power stage is 
being realized today. Silicon (Si) MOSFETs dominate this 
arena, where higher switching frequencies are preferred 
and can reach speeds of greater than 1 MHz. These power 
switches generally are driven by a 5- or 12-V IC gate driver 
or similar solution.

Challenges to efficiently managing renewable-
energy systems
In the electronic power train from a wind or photovoltaic 
power generator, there are some unique performance 
challenges. Typical power levels for renewable energy can 
range from 1 to 3 kW for micro-inverters, 3 to 10 kW for 
string inverters, and 10 kW to 1 MW for large central-
inverter stations. In addition to DC-to-DC conversion, 
DC-to-AC and AC-to-DC conversion can also be used, and 
sometimes a combination of the two.

Older wind turbines were tied directly to the power grid 
but had to run at the power-line frequency. This made 
them inefficient across the many operating points they 
experienced. Newer wind turbines (Figure 1) often con-
vert AC to DC and then DC back to AC so that the wind-
driven generator can run at variable speeds for maximum 
efficiency.

Conversely, photovoltaic cells produce  
DC voltage/current. Generally, the voltage is 
boosted higher and then sent through a 
DC-to-AC inverter before being tied to  
the grid.

Renewable-energy trends
For most countries, generating renewable 
energy from sources such as wind and solar 
power makes up only a small percentage of 
their total power portfolio. In recent history, 
growth has been consistent year by year. 
There are places where renewable energy 
makes up a large share of the available power. 
Denmark, for example, generated nearly 34% 
of its total electricity from wind power alone 
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Figure 1. Simplified power flow from wind 
turbine to grid

in the first half of 2012, according to the Danish Energy 
Agency. According to its parent agency, the Danish 
Ministry of Climate, Energy and Building, Denmark has 
committed to having 50% of its total power supply come 
from wind by 2020. When wind energy makes up that 
large a portion of a country’s total power, reliability of the 
conversion system becomes critical. This—together with 
the high-power connection to the grid, isolation safety 
requirements, and the cost of large renewable-energy con-
version systems—means that system reliability is always 
the design priority, followed by efficiency. Therefore, pro-
tection features and reliability are preferred at all levels, 
from the controller all the way down to the FET/IGBT 
driver itself.

Typical power-management configuration
High power levels lead to higher system voltages, and 

therefore higher standoff voltages, for the components 
used within the converter. For lower power loss at greater 
than 400 V, most circuit designers prefer to use insulated-
gate bipolar transistors (IGBTs) or the latest silicon carbide 
(SiC) FETs. These devices can have standoff voltages of 
up to 1200 V, with lower ON resistance than equivalent Si 
MOSFETs. These complex power systems often are man-
aged by a digital signal processor, a microcontroller, or a 
dedicated digital power controller. Thus, they usually 
require both power and signal isolation from the noisy 
switching environment of the power stage. Even during 
steady-state switching cycles, the circuit can see massive 
changes in both voltage and current that can create signif-
icant ground bouncing.

针对IGBT和MOSFET可再生能源应用的35V、
单通道栅极驱动器
作者：John Stevens，德州仪器 (TI) 高性能隔离式电源系统工程师

引言

对电能转换而言，可再生能源电子细分市场是一个复杂

且多样化的竞技场。在一些负载点应用中，开关型功率

转换器通常为非隔离式，功率水平相当低（<200 W），

并且常常会把电源从一个DC电压转换到另一个，例如：

12V转换为3.3V。另外，功率级开关为集成式，也即能

够通过低电流控制器或者晶体管驱动。今天，控制器和

功率级之间的整合正在成为现实。硅（Si）MOSFET在

这一市场中起主导作用，因为人们喜欢更高的开关频

率，它可以达到1MHz以上的速度。这些功率开关通常

均由一个5V或者12V IC栅极驱动器或类似解决方案来驱

动。

高效管理可再生能源系统的挑战

在某个风或者光伏发电机的电力系统中，存在一些特殊

的性能问题。使用微型逆变器时典型可再生能源功率水

平为1到3kW，串型逆变器为3到10kW，而大型中央式

逆变器站则为10kW到1MW。除DC到DC转换以外，还

可使用DC到AC和AC到DC转换，有时也可两者组合使

用。

老式的风力发电机直接连接电网，只能工作在电力线频

率下。在经过许多作业点以后，它们变得很低效。新

型的风力发电机（图1）常常把AC转换为DC，然后再

把DC转换回AC，这样风力发电机便可工作在各种速度

下，从而获得最大效率。

相反，光伏电池产生DC电压/电流。一般而

言，先升高电压，然后通过一个DC到AC逆

变器发送，最后再连接电网。

可再生能源发展趋势

对于世界上的大多数国家而言，利用风和太

阳能生产的清洁能源都仅为其能源的很小一

部分。近年来，可再生能源获得了持续的

发展。在一些地方，可再生能源已经占有很

大一部分。例如，根据丹麦能源局数据，

在2012年上半年， 丹麦所生产的全国总电

量中约有34%为风力发电。丹麦能源局的上级部栅极丹

麦气候、能源与建筑部发布消息称，到2020年，丹麦的

风力发电将占到总能源的50%。当风力发电在一个国家

总能源中占有较大比重时，转换系统的可靠性变得至关

重要。除此以外，还有高功率电网连接、电隔离安全要

求和大型可再生能源转换系统的成本问题。这意味着，

系统可靠性始终都是设计优先考虑因素，其次是效率问

题。因此，在所有层面（从控制器到FET/IGBT驱动器本

身），保护功能和可靠性都是优先考虑项。

典型电源管理结构

高功率电平带来更高的系统电压，因此转换器内所用各

种组件的切断电压也更高。为了降低400V以上电压的功

率损耗，大多数电路设计人员更喜欢使用绝缘栅极双
极型晶体管（IGBT），或者最新的碳化硅（SiC）FET。

这些器件的切断电压可高达1200V，并且相比等效Si 

MOSFET拥有更低的“导通”电阻。这些复杂的电源系

统通常由一个数字信号处理器、一个微控制器或者一个

专用数字电源控制器来管理。因此，它们常常会要求同

时将电和信号都隔离于功率级的高噪声开关环境。即使

在稳态开关周期内，电路的电压和电流也会剧烈变化，

形成明显的接地跳动。

图 1 风力发电机到电网的简化电力传输流程图
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Figure 2 shows that even for a single-phase 
DC-to-AC inverter, there are many gate 
 drivers needed to properly switch the IGBTs 
in the power stage. As a single-channel gate 
driver, the Texas Instruments UCC27531 can 
drive any of the switches in the switch bridge 
if it has the necessary signal and bias isolation. 
Signal isolation is achieved by using an opto-
coupler or digital isolator. For bias isolation, 
the designer can use a bootstrap circuit with 
a diode and a  capacitor, or an isolated-bias 
supply. Another option is to connect the gate 
driver on the same side of the isolation as the 
controller, then drive the switch through a 
gate transformer after the gate driver itself. 
This option allows the driver to be biased with 
a non-isolated supply on the control side.

Gate drivers in renewable energy
As a small, non-isolated gate driver, the single-
channel UCC27531 is a good fit for the envi-
ronment described. Its input signals to the IC are provided 
by an optocoupler or digital isolator. Its high supply/output-
drive voltage range of 10 to 35 V makes it ideal for 12-V Si 
MOSFET applications as well as for IGBT/SiC FET applica-
tions. Here, a higher positive gate drive is typical, as well 
as a negative voltage pull-down on shutoff to  prevent the 
power switch from false turn-on. Typically, SiC FETs are 
driven by a +20/–5-V gate driver relative to the source. 
Similarly, for IGBTs, system designers may use a +18/–13-V 
gate drive, for example (see Figure 3).

E/2

E/2

Isolator

Isolator

Isolator

Isolator

+

+

–

–

Gate
Driver

Gate
Driver

Gate
Driver

Gate
Driver

Controller

Figure 2. Basic structure of single-phase inverter
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Figure 3. Driving a power switch with FET/IGBT 
single-gate drivers

Since the UCC27531 is a rail-to-rail driver, OUTH pulls 
up the power-switch gate to its VDD of 18 V relative to the 
emitter. OUTL pulls down the gate to the driver’s GND of 
–13 V relative to the emitter. The driver effectively sees 
+18 to –13 V, or 31 V from VDD relative to its own GND. 
Further, the 35-V rating provides a margin to prevent 
overvoltage failure of the IC due to noise and ringing.

The split output with both OUTH and OUTL permits the 
user to control the turn-on (sourcing) current and turn-off 
(sinking) current separately. This helps to maximize 
 efficiency and maintain control of the switching times to 

图 2 单相逆变器基本结构

图 3 利用FET/IGBT单栅极驱动器驱动电源开关
可再生能源的栅极驱动器

作为一种小型、非隔离式栅极驱动器，单

通道UCC27531可以很好地工作在前述环

境下。它的IC输入信号通过一个光耦合器

或者数字隔离器提供。它的高电源/输出驱

动电压范围为10到35V，让其成为12V Si 

MOSFET应用和IGBT/SiC FET应用的理想选

择。这里，正栅极驱动通常更高，并且关断

时负电压下拉，目的是防止电源开关受到错

误导通的损害。一般而言，SiC FET由一个

相对于电源的+20/-5V栅极驱动器驱动。同

样，就IGBT而言，系统设计人员可能会使

用一个+18/-13V栅极驱动，如图3所示。

图2表明，即使是一个单相DC到AC逆变

器，也需要许多栅极驱动器，以正确地在功率级中对

IGBT进行开关操作。作为一种单通道栅极驱动器，只要

具有必需的信号和偏压隔离，德州仪器UCC27531就能

驱动开关桥的任何开关。利用一个光耦合器或者数字隔

离器，实现信号隔离。对于偏压隔离，设计人员可以使

用一种带二极管和电容器的自举电路，或者一个隔离式

偏压电源。另一种方法是，与控制器一样，连接同一个

隔离端上的栅极驱动器，然后通过栅极驱动器后面的一

个栅极变压器驱动开关。这种方法允许通过控制端上一

个非隔离式电源，对驱动器进行偏置。
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comply with requirements for noise and electromagnetic 
interference. Further, even with a split output, the single-
gate driver maintains a minimum inductance on the out-
put stage, preventing excessive ringing and overshoot. By 
 having an asymmetrical drive (2.5-A turn-on and 5-A  
turn-off), the UCC27531 is optimized for average switch 
timing in high-power renewable-energy applications. 
Further, with the low pull-down impedance, this driver 
increases reliability by ensuring that the gate does not 
experience voltage spikes that could lead to false turn-on 
from the parasitic Miller-effect capacitance between the 
collector and gate for IGBTs and between the drain and 
gate for FETs. This internal capacitance can lead the gate 
to exceed the turn-on threshold voltage by pulling up on 
the gate when the collector/drain voltage rapidly increases 
during turn-off of the switch.

The input stage of the UCC27531 is also designed for 
high-reliability systems like renewable energy. It has a so-
called TTL/CMOS input that is independent of the supply 
voltage, allowing for compatibility with standard TTL-level 
signals. It provides a higher hysteresis of about 1 V when 
compared to the usual 0.5-V hysteresis seen in classic 
TTL. If the input signal is lost and becomes floating for 
any reason, the output is pulled low. Also, with the large 
changes in voltage on the GND of the driver IC, it is possi-
ble for the input signals to appear negative if the GND 
bounces high during a switching edge. This driver addresses 
this concern by handling up to –5 V continuously on the 
input (IN) or enable (EN) during these events.

The UCC27531 comes in a 3 x 3-mm, industry-standard 
SOT-23 package, which is very competitive with a discrete 
two-transistor solution that has a discrete level shifter 
without negative-input capability or added protections. 
Beyond the obvious space savings, integrating the 
UCC27531’s functions into a single IC package increases 
the system’s overall reliability.

This single-channel driver is an attractive option 
because it can be located very close to the power-switch 
gate. Placement is more flexible than for a combination 
high-side/low-side gate driver in a single IC. This flexibility 
helps minimize the inductance between the driver and 

power switch and gives the designer better control of the 
switch’s gate. Figure 2 shows how many high-power 
switches are in just a single phase of a DC-to-AC stage. 
Over a complete three-phase system with multiple conver-
sions between DC and AC and back, and with boost stages 
of DC-to-DC conversion also needed in some applications, 
there becomes a need for many gate drivers. Each one 
must be strategically placed on the PCB to ensure a 
proper design.

Conclusion
In renewable-energy applications, conversion of power 
generated from solar arrays and wind turbines presents 
unique challenges to the system designer. These chal-
lenges include high voltages and power levels, meeting 
safety and reliability requirements, and the overall com-
plexity of the completely interconnected system. Although 
gate drivers for power switches seem like a small part of 
the total system control and power flow, they are actually 
very important to the overall design performance.
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由于UCC27531是一种轨到轨驱动器，因此相对于发射
极，OUTH上拉电源开关栅极至其18V VDD。相对于发射
极，OUTL下拉栅极至驱动器的–13 V GND。驱动器有
效地从+18到-13V，或者从相对于其自有GND的VDD到

31V。另外，35V额定电压提供了一定的余量，可防止噪
声和振铃产生的IC过电压故障。

OUTH和OUTL的分离输出，允许用户单独控制导通
（灌）电流和关断（拉）电流。它帮助最大化效率，并
保持开关时间控制，从而满足噪声和电磁干扰要求。另
外，即使是分离输出，单栅极驱动器也在输出级保持最
小电感，防止出现过多振铃和过冲。利用一种非对称驱
动（2.5A导通，5A关断），UCC27531经过了优化，适
用于高功率可再生能源应用的平均开关时序。再者，利
用低下拉阻抗，这种驱动器通过确保栅极不遭受电压尖
峰来增加可靠性。由于IGBT的集电极和栅极之间以及

FET的漏极和栅极之间的寄生米勒效应电容，这些电压
尖峰可能会导致出现错误导通。开关导通期间集电极/漏
极电压迅速上升，这时在栅极上拉升电压，这种内部电
容便以此来引导栅极超出导通阈值电压。

UCC27531的输入级也为可再生能源等高可靠性系统而
设计。它拥有一个所谓的TTL/CMOS输入，其与电源电
压无关，从而实现了与标准TTL级信号的兼容。相比典
型TTL中的常见0.5V磁滞，它拥有约1V的高磁滞。如果
输入信号因故丢失变得不稳定，则拉低输出。另外，驱
动器IC的GND电压较大变化时，如果在开关沿期间GND
跳动较高，则输入信号可能表现为负。由于能够连续对
这些事件期间输入（IN）或激活（EN）端上-5V电压进
行处理，因此驱动器成功地解决了这个问题。

UCC27531使用3 x 3mm的工业标准SOT-23封装，相比
使用离散式电平位移器、没有负输入能力或者缺少保护
的离散式双晶体管解决方案，它拥有非常大的竞争力。
除节省大量空间以外，把UCC27531的各种功能集成到
一块单IC封装中还提高了系统的整体可靠性。

这种单通道驱动器是一种引人注目的解决方案，因为它
可以非常靠近电源开关栅极放置。相比在一块单IC中组

合高侧/低侧栅极驱动器，它的灵活度更高。这种灵活性
可帮助最小化驱动器和电源开关之间的电感，并让设计
人员能够更好地控制开关栅极。图2说明了许多高功率
开关如何集成到一个DC到AC级单相中。对于一个完整
的多转换（DC和AC之间往复转换）三相系统而言，甚
至一些应用中还需要DC到DC转换增压级，需要许多的
栅极驱动器。每一个驱动器的放置都必须在PCB上安排
好，以确保获得正确的设计。

结论

在可再生能源应用中，太阳能电池板阵列和风力发电机
的功率转换给广大系统设计人员带来巨大的挑战。这些
挑战包括高压和高功率电平、满足安全与可靠性要求
以及完整连接系统的总体复杂程度。表面看起来，尽管
电源开关的栅极驱动器只是总系统控制和电力生产流程
中一个小小的部件，但它们对整体设计性能却十分的重
要。
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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
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sale supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in 
TI’s terms and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent 
TI deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each 
component is not necessarily performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products 
and applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should 
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask 
work right, or other intellectual property right relating to any combination, machine, or process in which TI components or 
services are used. Information published by TI regarding third-party products or services does not constitute a license to use 
such products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party 
under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual 
property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without 
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for 
such altered documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or 
service voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive 
business practice. TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related require-
ments concerning its products, and any use of TI components in its applications, notwithstanding any applications-related 
information or support that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create 
and implement safeguards which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen 
the likelihood of failures that might cause harm and take appropriate remedial actions. Buyer will fully indemnify TI and its 
representatives against any damages arising out of the use of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s 
goal is to help enable customers to design and create their own end-product solutions that meet applicable functional safety 
standards and requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of 
the parties have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended 
for use in military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of 
TI components which have not been so designated is solely at the Buyer’s risk, and that Buyer is solely responsible for 
compliance with all legal and regulatory requirements in connection with such use.

TI has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. 
Components which have not been so designated are neither designed nor intended for automotive use; and TI will not be 
responsible for any failure of such components to meet such requirements.
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重重要要声声明明

德州仪器(TI) 及其下属子公司有权根据 JESD46 最新标准, 对所提供的产品和服务进行更正、修改、增强、改进或其它更改， 并有权根据
JESD48 最新标准中止提供任何产品和服务。客户在下订单前应获取最新的相关信息, 并验证这些信息是否完整且是最新的。所有产品的销售
都遵循在订单确认时所提供的TI 销售条款与条件。

TI 保证其所销售的组件的性能符合产品销售时 TI 半导体产品销售条件与条款的适用规范。仅在 TI 保证的范围内，且 TI 认为 有必要时才会使
用测试或其它质量控制技术。除非适用法律做出了硬性规定，否则没有必要对每种组件的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。客户应对其使用 TI 组件的产品和应用自行负责。为尽量减小与客户产品和应 用相关的风险，
客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 组件或服务的组合设备、机器或流程相关的 TI 知识产权中授予 的直接或隐含权
限作出任何保证或解释。TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服 务的许可、授权、或认可。使用
此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它 知识产权方面的许可。

对于 TI 的产品手册或数据表中 TI 信息的重要部分，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况 下才允许进行
复制。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件 或服务的所有明
示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
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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