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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 2023
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2107

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
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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.
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TEST METHOD A104F.01
TEMPERATURE CYCLING

(From Board Ballot JCB-00-16, JCB-05-82, JCB-09-20, JCB-14-45, and JCB-20-31, formulated under
the cognizance of the JC-14.1 Committee on Reliability Test Methods for Packaged Devices.)

1 Scope

This standard applies to single-, dual- and triple-chamber temperature cycling in an air or other
gaseous medium and covers component and solder interconnection testing. In single chamber
cycling, the load is placed in a stationary chamber and is heated or cooled by introducing hot or
cold air into the chamber. In dual-chamber cycling, the load is placed on a moving platform that
shuttles between stationary chambers maintained at fixed temperatures. In triple-chamber
temperature cycling there are three chambers and the load is moved between them. (This standard
does not cover thermal shock conditions that leverage fast ramp rates commonly associated with
thermal energy liquid coupling media used by thermal shock chambers.)

This test is conducted to determine the ability of components and solder interconnects to withstand
mechanical stresses induced by alternating high- and low-temperature extremes. Permanent
changes in electrical and/or physical characteristics can result from these mechanical stresses.

2 Terms and definitions

2.1 load: The sample(s) and associated fixtures (trays, racks, etc.) in the chamber during the
test.

2.2 working zone: The volume in the chamber(s) in which the temperature of the load is
controlled within the specified conditions.

2.3 sample temperature (7s): The temperature of the samples during temperature cycling, as
measured by thermocouples or equivalent temperature measurement apparatus affixed to, or
imbedded in, their bodies.

NOTE The thermocouple, or equivalent temperature measurement apparatus, attachment method used
should ensure that the entire mass of the sample(s) is reaching the temperature extremes and the soak
requirements.

2.4 maximum sample temperature: (Tsmax)): The maximum temperature experienced by the
sample(s) as measured by thermocouples, per 3.3.

2.5  minimum sample temperature: (Tsmin)): The minimum temperature experienced by the
sample(s) as measured by thermocouples, per 3.3.
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2 Terms and definitions (cont’d)

2.6  load transfer time: The time it takes to physically transfer the load from one temperature
chamber and introduce it into the other. Load transfer applies to dual and triple chamber cycling.

2.7  maximum load: The largest load that can be placed in the chamber and still meet the
specified temperature cycling requirements as verified by thermocouples, per 3.3.

2.8 nominal AT: The difference between nominal Tymaxy and nominal Tsminy for the
Temperature Cycling Test Condition; see Table 1.

2.9 soak time: The total time the sample temperature is within a specified range of each
nominal Tsmaxy and nominal ZTymin). This range is defined as the time 7 is at -5 °C to +10 °C
/+15 °C (dependent on the Test Condition tolerance) of Tymax) Nnominal for the upper end of the
cycle and the time Tis +5 °C to —10 °C of Tymin) Nominal for the lower end of the cycle.

2.10 soak temperature: The temperature range that is —5 °C to +10/+15 °C (dependent on the
Test Condition tolerance) of Tgmax) Nominal and +5 °C to —10 °C of Tymin) NOMinal.

2.11 (temperature) cycle time: The time interval between one high-temperature extreme to
the next, or from one low-temperature extreme to the next, for a given sample; see Figure 1.

2.12 ramp rate: The rate of temperature increase or decrease per unit of time for the sample(s).

NOTE 1 Ramp rate should be measured for the linear portion of the profile curve, which is generally the
range between 10% and 90% of the test condition temperature range; see points a and b in Figure 1.

NOTE 2 Ramp rate can be load dependent and should be verified for the load being tested.
2.13 test conditions: The various temperature cycle range options listed in Table 1.

2.14 soak mode: The categorization nomenclature that defines minimum soak time at soak
temperature (max) & soak temperature (min) in minutes.

NOTE 1 Each Test Condition will have four possible Soak Modes. These Soak Modes are listed in Table
2.

NOTE 2 The soak mode selected is dependent on the failure mechanism of interest.

2.15 nominal Tymay: The temperature of the sample required to meet the maximum nominal
temperature for a specific test condition; see Table 1.

2.16 nominal Tsmin): The temperature of the sample required to meet the minimum nominal
temperature for a specific test condition; see Table 1.
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