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ABSTRACT

System engineers must choose all components for their designs carefully. Picking the right ESD protection
elements can be challenging as the matter of protecting devices on the PCB against ESD stress has
become an increasingly complex task.
Texas Instruments offers a wide range of ESD protection elements. Understanding the datasheet
parameters of ESD protection elements is paramount to the task of selecting the right protection element
for a successful design.
This application note explains the key terminology, sections, and figures of an ESD protection device
datasheet.
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Datasheet Overview

1
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Datasheet Overview
Figure 1 shows a typical TI datasheet for an ESD protection device. Each of the different parts of the
datasheet is explained in subsequent sections.

2

Front Page
The first page provides an overview of the device and quickly highlights its key features.
If one of the Features (A) or package options (B) draws your attention, it will be worthwhile to keep
reading the rest of the datasheet.

Figure 1. Datasheet Front Page
In the example above, the TPD2EUSB30 datasheet highlights the device’s best in class <50 pF matching
capacitance and easy to route flow-through package pinout. It is likely that these features would be
beneficial for your high-speed designs and we should keep reading.
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Second Page
The second page of a TI datasheet typically shows a simplified circuit diagram (see Figure 2 ). This
simplified schematic is intended to give a functional overview of the device while not distracting with
detailed information. The System level designer should see all necessary information required for
evaluating the ESD device in the system level design. The detailed inner circuitry information does not
usually provide any useful information for completing a system level simulation. If the detailed information
is required, it can be requested through your local TI sales office.

Figure 2. Datasheet Second Page
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Absolute Maximum Ratings and Electrical Characteristics
The absolute maximum ratings table of the device must be reviewed carefully. ESD protectors are
typically not designed to handle DC overstress and an excess voltage above the absolute maximum
ratings will most likely trigger the ESD device.
While short time pulses (0–300 ns) will not damage the protector; DC like stress (>1ms) will result in
damage if no current limitation is provided (typically ≈500 mA). TI will provide information about the DC
characteristic of the ESD protection devices upon customer request, but it is generally not recommended
to use an ESD protector as a DC voltage limiter.
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Special Electrical Characteristics of ESD Protectors
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Figure 3. Absolute Maximum Ratings
The electrical characteristics section of the datasheet is arguably the most important. This section will be
discussed in greater detail as ESD protectors have specific key parameters which must be understood
thoroughly.

Figure 4. Electrical Characteristics
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Special Electrical Characteristics of ESD Protectors

5.1

Breakdown Voltage (VBR)
The voltage limit where the ESD protector will start to conduct significant amounts of current when
exceeded. The Breakdown Voltage, in combination with the Dynamic Resistance (Rdyn), are very
important factors in choosing the right ESD protector for a system level design.

5.2

Standoff Voltage (Vst-off)
The standoff voltage describes the voltage level up to which there is no significant influence to the
protected circuitry or data line other than the ESD device parasitics (capacitance, leakage, etc.).

5.3

Dynamic Resistance (Rdyn)
The equivalent resistance of the protection device during an ESD discharge. Rdyn is an important factor for
evaluating the effectiveness of the ESD clamp. During an ESD discharge, currents in the multiple ampere
range are forced to flow through the protection device. The discharge current through Rdyn will cause a
voltage drop over the device under test (DUT) . If the generated voltage is too high, damage may result to
the parts of the system which were intended to be protected. Lower Rdyn will result in lower stress voltages
to the system during an ESD event.
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Figure 5. Standoff and Breakdown Voltage
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Understanding ESD Characteristics Plots
ESD protection devices often include specialized plots that aid in selecting the right protection element for
a given system-level design.
This section provides a detailed discussion of the ESD-specific plots not normally seen in standard
datasheets.

6.1

Transmission Line Pulser Plots (TLP)
The TLP plot gives an overview of the device behavior during an ESD stress event. Typical TLP
generators will use a rectangular current pulse of 1 to 5 ns rise time and 100 ns pulse width. The current
pulse can be varied between 0 to 10 A. Important parameters provided by the plot are the breakdown
voltage and the dynamical resistance of the clamp. In the given example plot from the TPD2EUSB30
Datasheet, the device’s snap-back characteristic is clearly visible. The snap-back technique is employed
to reduce the overall voltage drop during an ESD stress event. For more details about TI’s special
snap-back protection elements, please refer to the application note Snap-Back Protection Scheme for
ESD Protection Devices (TI literature number SLLA306).
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Figure 6. TLP Plot

6.2

Peak Pulse Waveform
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Similar to the TLP plot, the Peak Pulse Waveform shows the behavior of the ESD protector under ESD
stress. The peak pulse plots are taken by exposing the ESD protector to IEC62000-4-2 stress. The
important information for the System level Engineer is the voltage stress during the first 25 ns of the pulse.
While typically the very first peak can be ignored due to the short nature of the pulse and potential the
influence of the measurement setup, the second and third pulses give a realistic picture of the voltage
stress during an IEC ESD stress event. The lower and the faster decaying these voltage peaks are, the
better the chances are to successfully protect the system components.
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Figure 7. Typical Peak Pulse Plots

6.3

Eye Diagram
The eye diagrams provide an overview of how the ESD protector influences high-speed design. Ideally, no
noticeable change in the eye pattern should be observed. However, due to the parasitic capacitance,
small variations in the jitter (1a vs 1b) can be observed. In case of the TPD2EUSB30, the jitter penalty is
negligible.
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Figure 8. Eye Diagrams
Visit www.ti.com for information and data sheets on Texas Instruments full line of voltage translators.
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.
TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.
Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.
TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.
TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.
TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
Products

Applications

Amplifiers

amplifier.ti.com

Audio

www.ti.com/audio

Data Converters

dataconverter.ti.com

Automotive

www.ti.com/automotive

DLP® Products

www.dlp.com

Communications and
Telecom

www.ti.com/communications

DSP

dsp.ti.com

Computers and
Peripherals

www.ti.com/computers

Clocks and Timers

www.ti.com/clocks

Consumer Electronics

www.ti.com/consumer-apps

Interface

interface.ti.com

Energy

www.ti.com/energy

Logic

logic.ti.com

Industrial

www.ti.com/industrial

Power Mgmt

power.ti.com

Medical

www.ti.com/medical

Microcontrollers

microcontroller.ti.com

Security

www.ti.com/security

RFID

www.ti-rfid.com

Space, Avionics &
Defense

www.ti.com/space-avionics-defense

RF/IF and ZigBee® Solutions www.ti.com/lprf

Video and Imaging

www.ti.com/video

Wireless

www.ti.com/wireless-apps
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