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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.
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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.
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IC LATCH-UP TEST

(From JEDEC Board Ballots JCB-96-69, JCB-08-45, JCB-10-34 and JCB-11-81, formulated under the
cognizance of JC-14.1 Committee on Reliability Test Methods for Packaged Devices.)

1 Scope

This standard covers the I-test and the overvoltage latch-up testing of integrated circuits.

The purpose of this specification is to establish a method for determining IC latch-up
characteristics and to define latch-up detection criteria. Latch-up characteristics are extremely
important in determining product reliability and minimizing No Trouble Found (NTF) and
Electrical Overstress (EOS) failures due to latch-up. This test method is applicable to NMOS,
CMOS, bipolar, and all variations and combinations of these technologies.

NOTE As these technologies have evolved, it has been necessary to adjust this document to the realities
of characterization with limits not imagined when the first latch-up document was generated some 25 years
ago. Though it would be simpler to make the original limits of 1.5 times the maximum pin operating voltage
an absolute level of goodness, the possibilities of success at this level are limited by the very low voltage
technologies, and the medium and high voltage CMOS, BiCMOS and Bipolar technologies (>40 V). The
concept of maximum stress voltage (MSV) allows the supplier to characterize latch-up in a way that
differentiates between latch-up and EOS. This revision will make it more transparent to the end user that
given the limits of certain technologies the subsequent latch-up characterizations are valid.

11 Classification
There are two classes for latch-up testing.

e C(Class I is for testing at room temperature ambient.
e C(Class II is for testing at the maximum operating ambient temperature (T,) or maximum operating case
temperature (T,) or maximum operating junction temperature (T;) in the data sheet.

For Class II testing at the maximum operating T, or T, the ambient temperature or case temperature (T.)
shall be established at the required test value. For Class II testing at the maximum operating Tj, the ambient
temperature T, or the case temperature T, should be selected to achieve a temperature characteristic of the
junction temperature for a given device operating mode(s) during latch-up testing. The maximum
operating ambient or case temperature during stress may be calculated based on the methods detailed in
Annex B. The values used in Class II testing shall be recorded in the final report.

NOTE Elevated temperature will reduce latch-up resistance, and class II testing is recommended for devices that are
required to operate at elevated temperature.
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1.2 Latch-up immunity characterization

Product latch-up immunity is characterized by an I/O current injection value and power supply over-voltage
value that does not result in a latch-up as defined in this test method. Refer to Table 1 for the recommended

range of current and voltage stress, and Table 2 footnotes 2, 3, and 4 for the clamping conditions.

Table 1 — Current and voltage trigger conditions

Trigger
Test
Force current/voltage Voltage/current limits
<50 mA
Positive 50 to < 100 mA .
L-Test 100 to < 150 mA See Footnote 3 in Table 2
150 to < 200 mA
>=200 mA
>-50 mA
Negative -50 to > -100 mA .
LTest -100 to > -150 mA See Footnote 4 in Table 2
-150 to > -200 mA
<=-200 mA
Over-voltage 1.5 X VDD or MSV, See Footnote 2 in Table 2
Test whichever is less
2 Terms and definitions

The following terms and definitions apply to this test method.

cool-down time: The period of time between successive applications of trigger pulses, or the period of
time between the removal of the V1, voltage and the application of the next trigger pulse. (See Figure 2,
Figure 3, Figure 4, and Table 3.)

DUT: The device under test.

dynamic devices: Devices requiring clocking in order to guarantee a stable state while being tested.
GND (Ground): The common or zero-potential pin(s) of the DUT.

NOTE 1 Ground pins are not latch-up tested.

NOTE 2 A ground pin is sometimes called V.
input pins: All address, data-in control, V., and similar pins.

1/O (bidirectional) pins: Device pins that can be made to operate as an input or an output or in a
high-impedance state.
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2 Terms and definitions (cont’d)

Isupply: The total supply current in each Vi pin (or pin group) with the DUT biased as indicated in
Table 2.

I-test: A latch-up test that supplies positive and negative current pulses to the pin under test.

latch-up: A state in which a low-impedance path, resulting from an overstress that triggers a parasitic
thyristor structure, persists after removal or cessation of the triggering condition.

NOTE 1 The overstress can be a voltage or current surge, an excessive rate of change of current or voltage, or
any other abnormal condition that causes the parasitic thyristor structure to become regenerative.

NOTE 2 Latch-up will not damage the device provided that the current through the low-impedance path is
sufficiently limited in magnitude or duration.

logic-high: A level within the more positive (less negative) of the two ranges of logic levels chosen to
represent the logic states.

NOTE 1 For digital devices, the maximum value of the high logic level voltage is used for latch-up testing. The
maximum logic high level is designated as V.

NOTE 2 For non-digital devices, the maximum operating voltage that can be applied to
that pin as defined in the device specification is used for latch-up testing.

logic-low: A level within the more negative (less positive) of the two ranges of logic levels chosen to
represent the logic states.

NOTE 1 For digital devices, the minimum value of the low logic level voltage is used for latch-up testing. The
minimum logic low level is designated as V.

NOTE 2 For non-digital devices, the minimum operating voltage that can be applied to that pin as defined in the
device specification is used for latch-up testing.

maximum Vs,poy; Maximum operating voltage: The maximum supply voltage at which a device is
specified to operate in compliance with the applicable device specification.

NOTE 1 “Maximum” refers to the magnitude of supply voltage and can be either positive or negative.

NOTE 2 The maximum voltage is not the absolute maximum rated voltage, i.e., the voltage beyond which
permanent damage is likely.
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