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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 5: Steady-state temperature humidity bias life test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization-c
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promote”int

co-op
in add

eration on all questions concerning standardization in the electrical and electronic fields/ o thi
tion to other activities, IEC publishes International Standards, Technical Specifications; Technical

Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IEC(_Rublication(s

prepa
may p

ation is entrusted to technical committees; any IEC National Committee interestedin the subject
Brticipate in this preparatory work. International, governmental and non-goverpmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with théAhternational Organ

Stand

The fdrmal decisions or agreements of IEC on technical matters express, assearly as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical ¢ommittee has representatiol
bted IEC National Committees.

IEC Plublications have the form of recommendations for internatiorial use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made\to ensure that the technical contg
Publigations is accurate, IEC cannot be held responsible fori\the way in which they are used 9

misint]

erpretation by any end user.

In order to promote international uniformity, IEC Natiopal’ Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any divergency
any IHC Publication and the corresponding national or'regional publication shall be clearly indicated in

IEC it
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All us
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memb
other
expen

elf does not provide any attestation of.conformity. Independent certification bodies provide g
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

brs should ensure that they have the latest edition of this publication.

bility shall attach to IEC or its\directors, employees, servants or agents including individual ex
ers of its technical committees/and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
ses arising out of the.publication, use of, or reliance upon, this IEC Publication or any

Publications.
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on is drawn to the_.Normative references cited in this publication. Use of the referenced publi
Ensable for the.correct application of this publication.

raws atteption to the possibility that the implementation of this document may involve the U
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t thereof-"As of the date of publication of this document, IEC had not received notice of (a) patent
e required to implement this document. However, implementers are cautioned that this may not
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shall r
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IEC 60749-5 has been prepared by IEC technical committee 47: Semiconductor devices. It is
an International Standard.

This third edition, based on JEDEC document JESD22-A101D.01, cancels and replaces the
second edition published in 2017. It is used with permission of the copyright holder, JEDEC
Solid State Technology Association. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) the specification of the test equipment is changed to require the need to minimize relative
humidity gradients and maximize air flow between semiconductor devices under test;
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b) the specification of the test equipment fixtures is changed to require the avoidance of
condensation on devices under test and on electrical fixtures connecting the devices to the
test equipment;

c) replacement of references to “virtual junction” with “die”.

The text of this International Standard is based on the following documents:

Draft Report on voting

47/2820/FDIS 47/2827/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the abo
The lan

This do
accorda
at www
describé

A list of
Mechan

stability
specific

e [eCO

e with

e table.
pjuage used for the development of this International Standard is English.

cument was drafted in accordance with ISO/IEC Directives, Part 12,-and deve
nce with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC\Supplement, g
iec.ch/members_experts/refdocs. The main document typesHdeveloped by
bd in greater detail at www.iec.ch/publications.

all parts of the IEC 60749 series, under the general title Semiconductor de

jcal and climatic test methods, can be found in the'lEC website.

The committee has decided that the contents of this decument will remain unchanged
date indicated on the IEC website underivebstore.iec.ch in the data relate
document. At this date, the document will’be
hfirmed,
drawn, or
ed.

e revig

oped in
vailable
EC are

bvices —

until the
H to the
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 5: Steady-state temperature humidity bias life test

1 Scope

This part of IEC 60749 provides a steady-state temperature and humidity bias life test to
evaluate¢ the reliability of non-hermetic packaged semiconductor devices (n| humid
environments.

This tesft method is considered destructive.

2 Normative references

The follpwing documents are referred to in the text in such a way that'some or all of theirjcontent
constitutes requirements of this document. For dated references, only the edition cited [applies.
For undated references, the latest edition of the referenced document (including any
amendnments) applies.

IEC 60749-4, Semiconductor devices — Mechanical and climatic test methods — Part 4: Damp
heat, steady-state, highly accelerated stress test (HAST)

3 Terms and definitions
No termls and definitions are listed in ‘this document.

ISO and IEC maintain terminglogy databases for use in standardization at the fpllowing
addressles:

o |EC [Electropedia: available at https://www.electropedia.org/

e |SO|Online browsing platform: available at https://www.iso.org/obp

4 General

Temperatlre, humidity and bias conditions are applied to accelerate the penetration of moisture
throughthe—externatprotectivematerial (clluapou=a||t Of cccd) or—atong-the interfaceDetween

the external protective material and the metallic conductors which pass through it.

Where both this steady-state, humidity bias test and the damp heat, highly accelerated stress
test (HAST) of IEC 60749-4 are performed, the results of this 85 °C/85 % RH steady-state test
will take priority over the results of the HAST test, which is an accelerated test designed to
activate the same failure mechanisms.

5 Equipment

5.1 Equipment summary

The test requires a temperature-humidity test chamber capable of maintaining a specified
temperature and relative humidity continuously, while providing electrical connections to the
devices under test in a specified biasing configuration.
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5.2

Temperature and relative humidity

IEC 60749-5:2023 © |IEC 2023

The chamber shall be capable of providing controlled conditions of temperature and relative
humidity during ramp-up to, and ramp-down from the specified test conditions.

The test chamber dry bulb temperature shall exceed the wet bulb temperature at all times.

53 D

evices under stress

Devices under stress shall be physically located to minimize temperature gradients. Devices
under test shall be physically located in order to minimize relative humidity gradients and
maximize air flow between devices.

54 W™

Board ahd socket materials shall be chosen in order to minimize release of contaminat

to mini

5.5

q

The tes
items s

5.6

Deioniz

6 Test conditions

6.1 T

Test co
with an

6.2 T

Unless
test dur

Dleionized water

inimizing release of contamination

ize degradation due to corrosion and other mechanisms.

bnic contamination

ch as the card cage, test boards, sockets, wiring and storage containers.

pest conditions summary

nditions consist of a temperature, relative humidity, and duration used in con
electrical bias configuration'specific to the device.

emperature, relative ‘humidity and duration

on, and

devices shall be placed in the test apparatus to minimise’ionic contamination from

bd water with a minimum resistivity of 1 x 104.Qm at room temperature shall bg used.

junction

btherwise required) by the detail specification, the temperature, relative humigdity and

btion as shown\in Table 1 shall be applied.

Table 1 — Temperature, relative humidity and duration

Temperature

Temperature P

(dry bulb) Relative humidity 2 (wet bulb) Vapour pressure Duratign ©
°C % °C kPa h
—24
85+ 2 85+5 81,0 49,1 1000 ,%gs

For information only.

a8 Tolerances apply to the entire useable test area.

¢ The test conditions are to be applied continuously, except during any interim readouts, when the devices
should be returned to stress within the time specified in 7.6.
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6.3 B

Apply bi

iasing guidelines

as according to the following guidelines:

a) minimize power dissipation;

b) alter

nate pin bias as much as possible;

c) distribute potential differences across chip metallization as much as possible;

d) maxi

mize voltage within operating range;

NOTE The priority of the above guidelines depends on the mechanism and specific device characteristics.

e) either of two kinds of bias can be used to satisfy these guidelines, whichever is more severe:

1)

2)

QO "3 00 —F T < —~ Q) 1 M 2 = -

6.4 Bliasing choice and reporting

fonfinuous bias
he DC bias shall be applied continuously.

hamber ambient temperature.

f the die temperature is not known, and the heat dissipation of'thfe device un
PDUT) is less than 200 mW, the die temperature is assumed tobe-less than 10 °
mbient temperature.

f the heat dissipation of the DUT exceeds 200 mW, the die temperature sh
alculated or measured.

f the die temperature exceeds the chamber ambienttemperature by more than 5
se of the die temperature above the chamber ambient should be included in rg
st results since acceleration of failure mechanisms will be affected.

bycled bias

he DC voltage applied to the devices:tinder test shall be periodically interrup
n appropriate frequency and duty.scycle. If the biasing configuration resu
emperature rise above the chamberyambient, ATjq, exceeding 10 °C, then cycl

hen optimized for a specific device type, will be more severe than continuo
leating as a result of power dissipation tends to drive moisture away from the
hereby hinders moisture-related failure mechanisms. Cycled bias permits 1
ollection on the die duringthe off periods when device power dissipation does ng

hicrocircuits. The_die* temperature, as calculated on the basis of the known
mpedance and dissipation should be quoted with the results whenever it excq
hamber ambient’by 5 °C or more.

Lontinuous bias is more severe if the die temperature (Tj) is <10 °C higher than the

der test
C above

ould be

°C, the
ports of

ted with
[ts in a
d bias,

us bias.
die and
noisture
t occur.

Lycling the DUT bias with 1 h on and 1 h off is optimal for most plastic-encapsulated

thermal
eds the

Criteria|for eheosing continuous or cyclical bias, and whether or not to report the anmount by
which thel{die temperature exceeds the chamber ambient temperature, are summalrized in
Table 2
Table 2 — Criteria for choosing continuous or cyclical bias
AT Continuous or cyclical Include value of AT,
e bias in test report?

ATJ.a < 5 °C or power per DUT < 200 mW Continuous No

(ATJ.,a 25 °C or power per DUT = 200 mW), _

and ATja <10 °C Continuous Yes

ATja z10°C Cyclical @ Yes

a8 Cycling the DUT bias with one hour on and one hour off is optimal for most plastic-encapsulated microcircuits.
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7 Procedures

71 Mounting

The test devices shall be mounted in such a way as to expose them to a specified condition of
temperature and humidity as given in Table 1 with a specified electrical biasing condition.
Exposure of devices to excessively hot conditions, dry ambient conditions or conditions that
result in condensation on devices and electrical fixtures shall be avoided, particularly during
ramp-up and ramp-down. Appropriate attention should also be made to avoid any water dripping
on the devices under stress.

7.2 Ramp-up

The timg to reach stable temperature and relative humidity conditions shall be less'than 3 h.
Condengation on the devices under stress and/or fixtures/hardware shall be avoidéed ‘at all times
by ensufing that their temperature is always higher than the dew point tempetature.

7.3 Ramp-down

Ramp-down shall not exceed 3 h. Condensation shall be avoided by ensuring that [the test
chambef (dry bulb) temperature exceeds the wet-bulb temperature’ at all times duripng ramp
down.

NOTE Fpr a DUT with a cavity in the package, condensation can occurdue to the length of the ramp down time.
7.4 Test clock

The tesf clock starts when the temperature and relative humidity reach the set points, and stops
at the beginning of ramp-down.

7.5 Blias

Bias application during ramp-up and‘ramp-down is optional. Bias should be verified after
devices|are loaded, prior to the startief the test clock. Bias should also be verified after[the test
clock stpps, but before devices, are-removed from the chamber.

7.6 Read-out

An elecftrical test shall be performed not later than 48 h after the end of ramp-down.

For intgrmediate~fead-outs, devices shall be returned to stress within 96 h of the[ end of
ramp-dgwn. Moisture loss can be reduced by placing the device in sealed moisture barrjer bags
(without| desiccant). When devices are placed in sealed bags, the “test window clock’ runs at
one-thirgd.of the rate of devices exposed to laboratory ambient conditions. Thus, the testjwindow
can be extendedtoasmuchas—144 h, and-the-time—toreturnto—stresstoasmuch—as288 h by

enclosing the devices in moisture-proof bags.

The electrical test parameters should be chosen to preserve any defect (i.e. by limiting the
applied test current).

Additional time-to-test delay or the return-to-stress delay time is allowed if justified by technical
data.

7.7 Handling

Suitable hand-covering shall be used to manage devices, boards and fixtures. Contamination
control is important in any accelerated moisture stress test.
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8 Failure criteria

A device shall be considered to have failed if it does not pass the specified end point tests or if
its functionality cannot be demonstrated under nominal and worst-case conditions as specified
in the applicable procurement document or data sheet.

9 Safety

The equipment manufacturer’s recommendations and local safety regulations shall be followed.

10 Summmy

The follpwing details shall be specified in the applicable procurement document:

a) test duration, if other than that specified in Table 1;
b) meapurements after test (see 7.6);

c) bias|ng configuration (see 6.3);

d) temperature of die during test if more than 5 °C above the chamber ambient (see 6.8 e) 1));
e) freqliency and duty cycle of bias if cycled bias is to be used.(see 6.3 e) 2)).
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L'IEC 60749-5 a été établie par le comité d’études 47 de I'lEC: Dispositifs a semiconducteurs.
Il s'agit d'une Norme internationale.

Fondée sur le document JEDEC JESD22-A101D.01, cette troisieme édition annule et remplace
la deuxieme édition parue en 2017. Ce document a été utilisé avec 'autorisation du détenteur
du droit d’auteur, JEDEC Solid State Technology Association. Cette édition constitue une
révision technique.
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) DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 5: Essai continu de durée de vie sous température et humidité avec
polarisation

1 Domaine d'application

La prégente partie de I'lEC 60749 décrit un essai continu de durée de vie atiljsant la
tempérdture et I'humidité avec polarisation pour évaluer la fiabilité des dispgsitifs a
semicorjducteurs sous boitier non hermétique dans les environnements humides)

Cette mgthode d’essai est considérée comme destructive.

2 Réflérences normatives

Les documents suivants sont cités dans le texte de sorte qu’ilsiconstituent, pour tout qu partie
de leur|contenu, des exigences du présent document. Pour les références datéeg, seule
I'édition|citée s'applique. Pour les références non datées,)la derniére édition du document de
référenge s’applique (y compris les éventuels amendements).

IEC 60749-4, Dispositifs a semiconducteurs — Méthodes d'essais mécaniques et climatiques —
Partie 4} Essai continu fortement accéléré de contrainte de chaleur humide (HAST)

3 Termes et définitions
Aucun terme n'est défini dans le présent document.

L'ISO ef I'lEC tiennent & jour des bases de données terminologiques destinées a étre (tilisées
en normalisation, consultables aux adresses suivantes:

o |EC [Electropedia; disponible a I'adresse https://www.electropedia.org/
e |SO|Online brgwsing platform: disponible a I'adressehttps://www.iso.org/obp

4 Geénéralites

Des conditions de temperature, d humidite et de polarisation sont appliquees pour accelérer la
pénétration de I'lhumidité a travers le matériau de protection externe (enrobage ou scellement)
ou par l'interface entre le matériau de protection externe et les conducteurs métalliques qui le
traversent.

Lorsque cet essai continu de durée de vie sous température et humidité avec polarisation ainsi
que I’essai fortement accéléré de contrainte de chaleur humide (HAST, Highly Accelerated
Stress Test) de 'IEC 60749-4 sont utilisés tous les deux, les résultats de I’essai continu a
85 °C/85 % d’humidité relative (HR) sont privilégiés par rapport a ceux de I'essai HAST, qui est
un essai accéléré congu pour déclencher les mémes mécanismes de défaillance.


https://www.electropedia.org/
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https://iecnorm.com/api/?name=3d10a21b95fdb5f8e7576026c33bb0cf

- 14 - IEC 60749-5:2023 © |IEC 2023

5 Equipement

5.1 Résumé de I’équipement

Cet essai exige une enceinte d’essai capable de maintenir une température spécifiée et un taux
d’humidité relative spécifié de maniere continue, tout en assurant les connexions électriques
avec les dispositifs soumis a essai dans une configuration de polarisation spécifiée.

5.2 Température et humidité relative

L’enceinte doit étre en mesure de fournir des conditions régulées de température et d’humidité
relative pour I'établissement des conditions d’essai spécifiées puis le retour aux conditions de
départ.

La température de l'enceinte d’essai (thermométre sec) doit dépasser a tout’moment la
tempérdture du thermomeétre mouillé.

5.3 Dispositifs sous contrainte

La situation physique des dispositifs sous contrainte doit étre telle‘qu’elle réduise|le plus
possiblg les gradients de température. La situation physique des’dispositifs en essai doit étre
telle qulelle réduise le plus possible les gradients d’humidité ‘rélative et augmente|le plus
possiblg la circulation d’air entre les dispositifs.

5.4 Réduction de la contamination

Les majériaux de carte et de socle doivent étre ‘Choisis afin de réduire le plus pogsible la
contamination et la dégradation due a la corrosionset a d’autres mécanismes.

5.5 Contamination ionique
Les dispositifs d’essai doivent étre placés dans l'appareillage d’essai afin de réduirg le plus

possiblg la contamination ionique praevenant d’éléments tels que panier a cartes, cartes|d’essai,
socles, tablage et conteneurs de:stockage.

5.6 Elau déminéralisée

L’eau ufilisée doit étrecde-’eau déminéralisée ayant une résistivité minimale de 1 x 104 Qm a
tempérdture ambiante,

6 Conditionsd'essai

6.1 Résumé des conditions d'essai

Les conditions d’essai englobent la température, ’humidité relative et la durée d’exposition, en
liaison avec une configuration de polarisation électrique spécifique au dispositif.

6.2 Température, humidité relative et durée d’exposition

Sauf exigence contraire stipulée dans la spécification particuliere, la température, 'humidité
relative et la durée de I'essai telles qu’elles sont données dans le Tableau 1 doivent s’appliquer.
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Tableau 1 — Température, humidité relative et durée d’exposition

Température Humidité relative 2 Ttehmpératt[rte b Pression de Durée
(thermomeétre sec) umidite relative ( :?u?;rée; re vapeur P d’exposition °©
°C % °C kPa h
85 + 2 85+ 5 81,0 49,1 1000 25

Pour

2 Les tolérances s’appliquent a ’ensemble de la zone d’essai utilisable.

information uniquement.

¢ Les conditions d’essai doivent étre appliquées de maniére continue sauf pendant des lectures intermédiaires,

pour
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nenter le plus possible la tension dans la plage defonctionnement;

h priorité des lignes directrices données ci-dessus . dépend du mécanisme et des carac
s du dispositif.

des deux polarisations suivantes peut, étre utilisée pour satisfaire a ce
trices, la polarisation retenue étant la plus sévere des deux:

olarisation continue

a polarisation en courant continu.doit étre appliquée de maniére continue.

as de plus de 10 °C la tenipérature ambiante de I’enceinte.

i la température de la pastille n’est pas connue et la dissipation de chaleur du d
oumis a essai (DUT; Device Under Test) est inférieure a 200 mW, il est présu

i la dissipationnde chaleur du DUT est supérieure a 200 mW, il convient de cal
hesurer la température de la pastille.

i la temperature de la pastille dépasse de plus de 5 °C la température amb
enceinte, il convient de noter cette différence dans les rapports des résultats
ans\la mesure ou I'accélération des mécanismes de défaillance en est affectés

eristiques

5 lignes

a polarisation continue est plus’sévére si la température de la pastille (Tj) ne gdépasse

ispositif
mé que

b température detapastille dépasse de moins de 10 °C la température ambianite.

culer ou

ante de
d’essai
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Polarisation par r"\]lr"lﬂQ

La tension continue appliquée aux dispositifs soumis a essai doit étre périodiquement
interrompue, en respectant une fréquence et un rapport cyclique appropriés. Si la
configuration de polarisation donne lieu a un échauffement de plus de 10 °C supérieur

a la température ambiante de I'enceinte, AT;

a’

alors la polarisation par cycles, lorsqu’elle

est optimisée pour un type de dispositif spécifique, est plus sévere que la polarisation
continue. L’échauffement résultant de la dissipation de puissance a tendance a faire
disparaitre I'humidité des pastilles et empéche ainsi les mécanismes de défaillance liés
a I’humidité. La polarisation par cycles permet de collecter ’humidité sur la pastille
pendant les périodes hors tension ou il n’y a pas de dissipation de puissance. Un cycle
de polarisation du DUT avec 1 h sous tension et 1 h hors tension est optimal pour la
plupart des microcircuits sous boftier plastique. Il convient d’indiquer conjointement aux
résultats la température de la pastille, telle qu’elle est calculée sur la base de
I'impédance thermique et de la dissipation connues, dés qu’elle dépasse la température
ambiante de I’enceinte d’au moins 5 °C.
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