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Faraday's law of induction states that when current flow through an inductor abruptly stops, a voltage
drop is developed across that inductor. This applies to any inductive component, which may be as large

as a power distribution transformer or as small as a seemingly insignificant component lead wire. For
both, the same relationship applies.

v(t) =-L (di/dt)

A voltage is developed across the inductive load proportional to the time rate of change in current flow.
This phenomenon can produce "voltage over-shoot", or ineffective clamping of a silicon transient
voltage suppressor (TVS), on the leading edge of an incident voltage spike when sufficient parasitic lead

inductance is present in the protective loop. Overshoot is illustrated with a comparative circuit in
Figure 1 (see page 1).

Figure 1: Voltage Overshoot
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Figurc 1. Voltage Overshoot

Figure 2: Optimized Protection
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Inadequate protection can result if the overshoot is above the failure or upset level of the protected
device. Eliminating the parasitic lead inductance in a protective application produces virtually no
overshoot and provides optimum protection, as illustrated in the associated circuit in Figure 2 (see page
1).

The absence of L (di/dt) effects optimizes the protection features of a TVS.

For induced lightning and inductive load spikes, transient rise-times are usually slow in the microsecond
range. Hence, TVS lead lengths are not a significant factor unless surge currents are very high (e.g.,
100 A or more).

The fast rise-times of electrostatic discharge (ESD) in the subnanosecond range can be a major influence
on L (di/dt) effects even at low currents of a few A. High-altitude electromagnetic pulse (HEMP) will
produce similar effects with its nanosecond rise-times.

Axial lead devices have approximately 10 nH of lead inductance for normal mount configurations while
surface mount devices have 4 nH. MELF packages contribute the least inductance of about 1 nH, which
makes them an ideal configuration for ESD protection. Circuit board traces are also part of the
protection loop, so layout must not add additional inductance.

When stacking devices in series for higher current capability, as described in MicroNote 112, it is
necessary to keep interconnecting wires as short as possible to minimize parasitic lead inductance. For
some applications, the writers have found it necessary to parallel some segments to reduce the number
of series elements to enhance performance.

There will always be a certain amount of parasitic lead length in a TVS protection circuit, but an effective
design should maximize performance by minimizing inductive voltage overshoot to an insignificant level.
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For additional technical information, please contact Design Support at:
http://www.microsemi.com/designsupport
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Kent Walters (kwalters@microsemi.com) at 480-302-1144
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Microsemi makes no warranty, representation, or guarantee regarding the information contained herein or the suitability of its products and service
for any particular purpose, nor does Microsemi assume any liability whatsoever arising out of the application or use of any product or circuit. Th
products sold hereunder and any other products sold by Microsemi have been subject to limited testing and should not be used in conjunction witl
mission-critical equipment or applications. Any performance specifications are believed to be reliable but are not verified, and Buyer must conduct an
complete all performance and other testing of the products, alone and together with, or installed in, any end-products. Buyer shall not rely on any dat
and performance specifications or parameters provided by Microsemi. It is the Buyer's responsibility to independently determine suitability of an'
products and to test and verify the same. The information provided by Microsemi hereunder is provided "as is, where is" and with all faults, and th
entire risk associated with such information is entirely with the Buyer. Microsemi does not grant, explicitly or implicitly, to any party any patent rights
licenses, or any other IP rights, whether with regard to such information itself or anything described by such information. Information provided in thi
document is proprietary to Microsemi, and Microsemi reserves the right to make any changes to the information in this document or to any product
and services at any time without notice.

Microsemi Corporation (Nasdag: MSCC) offers a comprehensive portfolio of semiconductor and system solutions for aerospace & defense
communications, data center and industrial markets. Products include high-performance and radiation-hardened analog mixed-signal integratec
circuits, FPGAs, SoCs and ASICs; power management products; timing and synchronization devices and precise time solutions, setting the world"
standard for time; voice processing devices; RF solutions; discrete components; enterprise storage and communication solutions; security technologie
and scalable anti-tamper products; Ethernet solutions; Power-over-Ethernet ICs and midspans; as well as custom design capabilities and services
Microsemi is headquartered in Aliso Viejo, California, and has approximately 4,800 employees globally. Learn more at www.microsemi.com.
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