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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or
publication may be further processed and ultimately become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or refer to www.jedec.org under
Standards and Documents for alternative contact information.

Published by
©JEDEC Solid State Technology Association 2017
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2107

This document may be downloaded free of charge; however JEDEC retains the
copyright on this material. By downloading this file the individual agrees not to
charge for or resell the resulting material.

PRICE: Contact JEDEC

Printed in the U.S.A.
All rights reserved

Documents

Document Sharing Hub

Full document details: JEDEC JESD210A 2017


http://www.avadocuments.com/doc/jedec-jesd210a-2017
http://www.avadocuments.com/doc/jedec-jesd210a-2017

PLEASE!

DON’T VIOLATE
THE
LAW!

This document is copyrighted by JEDEC and may not be
reproduced without permission.

For information, contact:
JEDEC Solid State Technology Association
3103 North 10th Street

Suite 240 South
Arlington, VA 22201-2107

or refer to www.jedec.org under Standards-Documents/Copyright Information.

Documents

Document Sharing Hub

Full document details: JEDEC JESD210A 2017


http://www.avadocuments.com/doc/jedec-jesd210a-2017
http://www.avadocuments.com/doc/jedec-jesd210a-2017

Documents

Document Sharing Hub

Full document details: JEDEC JESD210A 2017


http://www.avadocuments.com/doc/jedec-jesd210a-2017
http://www.avadocuments.com/doc/jedec-jesd210a-2017

JEDEC Standard No. 210A

AVALANCHE BREAKDOWN DIODE (ABD) TRANSIENT VOLTAGE SUPPRESSORS
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JEDEC Standard No. 210A

I ntroduction

Avalanche breakdown diodes (ABDs) described in this document are used as surge protectors by
limiting or clamping transient overvoltages and diverting surge currents away from the circuits
they are intended to protect. ABDs exhibit relatively high impedance at normal system voltages.
They limit transient overvoltages by providing a low impedance to conduct the surge current.
These devices may offer either unidirectional or bidirectional protection. ABDs are commonly
used in power and communications circuits. Avalanche breakdown diodes are similar to
regulator (i.e., Zener) diodes, except that they are designed for short-duration overvoltage
protection identified as random recurring transients where cooling occurs before repeating, rather
than continuous voltage regulation. They may be single two-lead devices or may have multiple
(junctions) devices in a single package.

For the purpose of achieving, specific registration formats are available to fit particular types of
avalanche breakdown diodes. These formats are subject to change as new semiconductor
developments or circuit applications become practicable. At present, the following formats are
available:

NUMBER DESCRIPTION

RDF-12 Diode, Voltage Transient Suppressor Family
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AVALANCHE BREAKDOWN DIODE (ABD) TRANSIENT VOLTAGE SUPPRESSORS
(Device Definitions, Rating Verification Tests, and Characteristic Testing)

(From JEDEC BoD Ballot JCB-04-55 and JCB-12-70, formulated under the cognizance of the
JC-22.5 Subcommittee on Transient Voltage Suppressors.)

1 Scope

This standard is applicable to avalanche breakdown diodes when used as a surge protector or
transient voltage suppressor (TVS). It describes terms and definitions and explains methods for
verifying device ratings and measuring device characteristics. This standard may be applied to
other surge-protection components with similar characteristics as the ABD.

2 Termsand definitions

These may use terms similar to other regulator devices such as Zener diodes but have variations
unique to ABD’s.

2.1 Basic concepts

2.1.1 avalanche breakdown diode (ABD): A transient voltage suppressor that is a
semiconductor diode with a single p-n junction (or with multiple p-n junctions none of which
interact) whose operation depends in part on its breakdown characteristics.

2.1.2 stand-off (nonconducting) region: The portion of the voltage-current characteristic of a
reverse-biased p-n junction that exhibits a high resistance to the passage of current.

2.1.3 breakdown region: The portion of the voltage-current characteristic beyond the
initiation of breakdown for an increasing magnitude of reverse current.

2.1.4 forward-conducting region (of a unidirectional ABD): The portion of the voltage-
current characteristic of a unidirectional ABD forward-biased p-n junction that exhibits a low
small-signal resistance to the passage of current.

2.1.5 anodeterminal (A, a): The terminal connected to the p-type region of the p-n junction
or, when two or more p-n junctions are connected in series with the same polarity, to the extreme

p-type region.

NOTE For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be
included are ignored in the determination of the anode terminal.
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2 Termsand definitions (cont’ d)

216 cathodeterminal (K, k): The terminal connected to the n-type region of the p-n
junction or, when two or more p-n junctions are connected in series with the same polarity, to the
extreme n-type region.

NOTE For unidirectional blocking or low-capacitance ABDs, any rectifier diode(s) that may be
included are ignored in the determination of the cathode terminal.

2.2  Classes of avalanche breakdown diodes (ABDS)

2.2.1 unidirectional ABD: A two-terminal ABD with a voltage-current avalanche breakdown
characteristic in one direction and either a forward or a blocking characteristic in the other. (See
Figures la and 1b.)

NOTE Large transient currents will be clamped for positive cathode-to-anode voltages when driven into
the avalanche breakdown region with one or more p-n junctions placed in series or parallel with each
junction connected in the same direction. Large transient currents may also be clamped for negative
cathode-to-anode voltages at significantly lower voltages with the typical forward-conducting
characteristics of a single p-n junction (or of multiple p-n junctions connected in the same direction). The
most common type of unidirectional ABD has a forward-conducting characteristic.

+1 +1

“Via TVia -Via +Via

aas <

Figure 1la— Unidirectional-conducting ABD Figure 1b — Unidirectional-blocking ABD
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2.2  Classes of avalanche breakdown diodes (ABDs) (cont’d)

2.2.2 Dbidirectional ABD: A two-terminal ABD with a voltage-current avalanche breakdown
characteristic in both directions, which can be either symmetrical (Figure 2a) or asymmetrical
(Figure 2b). Figure 2¢c shows several alternative symbols for the bidirectional ABD.

NOTE Large transient currents will be clamped for voltage of either polarity across two similar p-n
junctions in series connected in opposite directions. During a transient current event in this operating
mode, one of the two p-n junctions is always in avalanche breakdown and the other is in the forward-
conducting, low-voltage mode. The voltage across the bidirectional ABD is the sum of these two
voltages. The avalanche breakdown voltage is substantially the same in both directions for a symmetrical
bidirectional ABD; however, it may also be intentionally different or asymmetrical by design for special
applications. Since multiple p-n junction capacitances in series reduce the overall total capacitance, the
bidirectional ABD has lower capacitance than its unidirectional counterpart.

+I i

Figure 2a— Symmetrical bidirectional ABD Figure 2b — Asymmetrical bidirectional ABD

Figure 2c — Bidirectional ABD symbol options

2.2.3 low-capacitance ABD: A two-terminal device that has at least one unidirectional ABD
with at least one rectifier p-n junction connected in series with each ABD in the opposite polarity
in order to reduce capacitance.

NOTE The rectifier p-n junction(s) operate only in their forward-conducting mode during a transient
event.
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2.2  Classes of avalanche breakdown diodes (ABDs) (cont’d)

2.2.3.1 unidirectional-blocking low-capacitance ABD: A two-terminal device that has at least
one unidirectional ABD with at least one rectifier p-n junction connected in series in the opposite
polarity in order to reduce capacitance. (See Figure 3.)

NOTE The unidirectional-blocking low-capacitance ABD is intended to suppress transients in only one
direction. The rectifier p-n junction(s) have low capacitance and block in the reverse direction; they are
not intended to be operated in their reverse avalanche breakdown regions. The p-n junction that serves as
the unidirectional ABD determines which terminal is the anode and which is the cathode; for that
determination, the rectifier p-n junction is ignored.

K
/\

Figure 3— Unidirectional-blocking low-capacitance ABD

2.2.3.2 unidirectional-conducting low-capacitance ABD: A two-terminal device comprising a
unidirectional-blocking low-capacitance ABD and an anti-parallel diode. (See Figure 4.)

NOTE To create a low-capacitance ABD with a forward-conducting, low-voltage characteristic, a low-
capacitance diode (such as a rectifier) is placed in anti-parallel to the unidirectional-blocking low-
capacitance ABD. This diode must have a reverse blocking voltage greater than the avalanche breakdown
voltage of the unidirectional ABD.

AV
|

Figure 4 — Unidirectional-conducting low — capacitance ABD
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2.2  Classes of avalanche breakdown diodes (ABDs) (cont’d)

2.2.3.3 bidirectional low-capacitance ABD: A two-terminal device comprising two anti-
parallel unidirectional-blocking low-capacitance ABD devices. (See Figure 5.)

NOTE The rectifier p-n junctions have low capacitance and must have a reverse blocking voltage
greater than the avalanche breakdown voltage of the anti-parallel unidirectional ABD element.

Figure 5— Bidirectional low-capacitance ABD

224 ABD array: A device having three or more terminals and containing multiple diodes
within a single package, with at least one of the diodes being an ABD.

NOTE ABD arrays can be classified as 1) devices with multiple discrete semiconductor chips; and 2)
devices with multiple diode junctions diffused into a single semiconductor chip.

2.3  Avalanche breakdown diode (ABD) specification concepts

2.3.1 Specification conceptsfor all ABD types

2.3.1.1 rated working standoff voltage (Vwwm): The maximum-rated value of dc or repetitive
peak positive cathode-to-anode voltage that may be continuously applied to an ABD over the
standard operating temperature range.

2.3.1.2 standby current (Ip): The current through an ABD at rated stand-off voltage.

2.3.1.3 breakdown [avalanche] voltage (V(gr)): The voltage across an ABD at a specified
current /(gr) in the breakdown region.
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2.3  Avalanche breakdown diode (ABD) specification concepts (cont’d)

2.3.1.4 clamping voltage (V¢ or Vcg): The voltage across an ABD in a region of low
differential resistance that serves to limit the voltage across the device terminals.

NOTE 1 For an asymmetrical device, V¢ refers to the clamping voltage in the reverse direction, and Vg
refers to the clamping voltage in the forward direction.

NOTE 2 Clamping voltage is measured as the peak voltage across an ABD during the application of an
impulse current (/pp) for a specified waveform.

NOTE 3 Due to thermal, reactive, or other effects, peak voltage and peak pulse current may not
necessarily be coincident.

2.3.1.5 peak impulse current (Ipp): The peak current that is applied to an ABD to determine
the clamping voltage (V) for a specified impulse waveform.

2.3.1.6 rated random recurring peak impulse current (Ippsv): The maximum-rated value of
random recurring peak impulse current that may be applied to a device.

NOTE 1 A repetitive current is usually a function of the circuit and increases the heating effects within
the device. A random recurring transient current is usually due to an external cause, and it is assumed that

its effect will have completely disappeared before the next transient arrives.

NOTE 2 The symbol Ipp or Ippy is often used by the industry; however lppsy is preferred.

2.3.1.7 rated average power dissipation (Pw(av)): The maximum-rated value of power
dissipation resulting from all sources, including transients and standby current, averaged over a
short period of time.

NOTE This value should be comparable to the dc power rating of the device.

2.3.1.8 rated random recurring peak impulse power dissipation (Pppsw): The maximum-
rated value of the product of rated random recurring peak impulse current (/ppsy) and specified
maximum clamping voltage (V¢).

NOTE 1 A repetitive peak impulse power is usually a function of the circuit and increases the heating
effects within the device. A random recurring transient peak impulse power is usually due to an external

cause, and it is assumed that its effect will have completely disappeared before the next transient arrives.

NOTE 2 The symbol Ppp or Pppy is often used by the industry; however Pppsy is preferred.
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2.3  Avalanche breakdown diode (ABD) specification concepts (cont’d)

2.3.1.9 peak overshoot voltage (Vos): The excess voltage above the clamping voltage (V) of a
device for a given test waveform that occurs when waveshapes having a virtual front time of less
than 10 ps are applied.

NOTE This value may be expressed as a percentage of the clamping voltage. It is dependent on the lead
inductance of the device and the fast front time of the test waveform.

2.3.1.10 incremental surgeresistance (Rs): The difference between two instantaneous values
of the clamping voltage, divided by the difference between the corresponding values of the peak
impulse current.

Rs = ch_Va

1 PP2 1 PP1
NOTE This resistance is composed of thermal and nonlinear avalanche components.

2.3.1.11 peak ESD limiting voltage (Vp): The peak voltage resulting from a fast-front-time
waveform, such as electrostatic discharge (ESD).

2.3.1.12 (standard) impulse waveshape: A waveform that has a defined virtual front time and
a defined virtual time to half peak value.

NOTE 1 Impulse waveshapes may be given for either voltage or current. See Figures 6a and 6b for
examples.

NOTE 2 Virtual front time is the time interval between the virtual origin and the instant when the
extrapolated leading edge reaches its peak; the extrapolation is made through the 10% and 90% amplitude
points for current and the 30% and 90% points for voltage.

NOTE 3 Virtual time to half-peak value is the time interval between the virtual origin and the instant

when the amplitude of the trailing edge reaches 50%. This is expressed as a combined front time and
time to half-peak value such as 8/20 pus or 10/1000 ps.
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