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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 39: Measurement of moisture diffusivity and water solubility in
organic materials used for semiconductor components

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEG Vs to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter) referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International, governmental and
bvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordaree-with conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters expre$s] as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technigal*committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are)made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsibles for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible ifivtheir national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation“of conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

p liability shall attach to IEC.or its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out{ of ‘the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawnto the Normative references cited in this publication. Use of the referenced publicatid
dispensable for'the correct application of this publication.

tention issdrawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To
is end and in addition to other activities, IEC publishes International Standards, Té&chnical Specificati

sted
non-
bsely
d by
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ional
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This| redline version of the official IEC Standard allows the user to identify the changes mac
the previous edition IEC 60749-39:2006. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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IEC 60749-39 has been prepared by IEC technical committee 47: Semiconductor devices. It is
an International Standard.

This second edition, based on JEDEC document JESD22-A120B, cancels and replaces the
first edition published in 2006. 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) ypdated procedure for "dry weight" determination

The

text of this International Standard is based on the following documents:
Draft Report on voting
47/2652/CDV 47/2725/RVC

Fulllinformation on the voting for its approval can be found in the repoft’on voting indicated in
the above table.

Thel|language used for the development of this International Standard is English.

This| document was drafted in accordance with ISO/IEC Directives, Part 2, and developgd in
accqrdance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement,
available at www.iec.ch/members_experts/refdocs..The main document types developed by
IEC jare described in greater detail at www.iec.ch/standardsdev/publications.

A list of all the parts of the IEC 60749 series,cunder the general title Semiconductor devices —
Mechanical and climatic test methods, cansbe found on the IEC website.

The|committee has decided that the contents of this document will remain unchanged unti| the
stabjlity date indicated on the IEC~website under webstore.iec.ch in the data related tqg the
spegific document. At this date, the'document will be

e rleconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 3gmended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates that it

con
con

ains colours which are considered to be useful for the correct understanding of its
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 39: Measurement of moisture diffusivity and water solubility in
organic materials used for semiconductor components

1 Seepe

This| part of IEC 60749 details the procedures for the measurement of the chdracteristic
progerties of moisture diffusivity and water solubility in organic materials_tsed in| the
packaging of semiconductor components.

Thege two material properties are important parameters for theneffective reliability
perfprmance of plastic packaged semiconductors after exposure to)/moisture and bging
subjected to high-temperature solder reflow.

NOTE It is recommended-th
NO+HE—HHSfFecomiRenRaea—th

ined—from-the
Hea—HoH—the

2 Normative references

The[following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edjtion
cited applies. For undated references, the latestedition of the referenced document (including
any amendments) applies.

IEC60749-20, Semiconductor devices?s Mechanical and climatic test methods — Part] 20:
Resl|stance of plastic encapsulated SMDs to the combined effect of moisture and soldgring
heat

3 [Ferms and definitions
No terms and definitions are listed in this document.

ISOfand IEC pfaiitain terminological databases for use in standardization at the folloying
addiesses:

° IEC Elgctropedia: available at http://www.electropedia.org/

e ISQvOnline browsing platform: available at http://www.iso.org/obp

4 Apparatus

4.1 Analytical balance capable of a resolution of either 0,000 01 g or 0,001 % of sample
mass.

4.2 High-temperature oven capable of maintaining uniform temperatures from 100 °C to
250 °C+2 °C.

4.3 Temperature/humidity chamber(s) capable of maintaining temperatures in a range from
30 °C to 85 °C and relative humidities (Hg) in a range from 60 % Hg to 85 % Hg. Within the
chamber working area, temperature tolerance shall be +2 °C and the Hg tolerance shall be
+3 % HR.
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Perforated stainless steel trays or stainless steel wire mesh baskets used for hol

samples and for placement into ovens.

4.5

4.6

Large aluminium plate or disk used for heat sink capability.

Desiccator for holding dry samples.

5 Samples

for &

Rec
reecq
time

The
supf

6

6.1
6.1.

ilis, r, and thickness, &, the following relation shall be met:

shall be less than 5 % of the flat-sided free surface area of the sample.”For a dis

h < 0,05~

coupon of length, L, and width, 7,

_0,05(W2)
~ (W +b)

bmmended sample thickness should be in the range from 0,3 mm to 1,0 mm.—
mmended-that The maximum sample thickness should not exceed 1,0 mm, becausg

moisture absorption parameters used in this standard can be obtained from the mat
liers (such as the gesin supplier).

Procedure

Sample’ preparation

Process and cure the samples using recommended processing condition

ding

5%
sion
c of

(1)

(2)

It —is
the

to achieve moisture saturatiof)at temperatures below 60 °C will be excessively long for
compounds with slow diffusivity:

erial

5 in

accd

rdance with the manufacturer’s specification

6.1.2 To obtain the appropriate sample thickness as given by Formulae (1) or (2), sam
may can be sectioned and finely polished from larger specimens.—Care—mustbe—takente
maintain Near parallel-sided flatness shall be maintained for samples prepared in this

man

ner.

ples

The prepared samples should be inspected for voids, both internal and surface, using
acoustic microscopy or x-ray. The ideal samples should be nearly void-free.
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6.2 Absorption measurements below 100 °C

6.2.1 Measure the linear dimensions of the prepared sample to the nearest +0,02 mm.
Record the sample thickness, %, and calculate the sample volume, V, using the appropriate
geometric relationship based on the sample shape.

NOTE Calculating the volume by measuring the linear dimensions is never accurate. The error is smaller when
the sample is big. One accurate way of determining the volume is to use Archimedes’s principle, which is to
measure the sample weight in air and immersed in a liquid with known density (ethyl alcohol, IPA, etc.). In this
way, the volume of a sample with irregular shape can also be determined.

The|dry weight of the sample shall be determined, in accordance with IEC 60748120, firstly by
baking the sample for 24 h at 125 +5/-0 °C and continuing to bake and weigh the sample
every 12 hours until no further weight loss is observed to ensure that thecsample(s) are|dry.
The|dry weight is determined when no further weight loss is observed less than 0,002 %
diffgrence, after two consecutive measurements with a minimum baking interval of 12 h.
Within 30 minutes after removal from the oven, weigh the sampfe(s) using the analytical
balajnce equipment described in 4.1 and determine the dry weight-ihaccordance with 6.2.4.

In apcordance with IEC 60749-20, small sample(s) (less th@fy 1,5 mm total height), deVices
shoyld be weighed within 30 minutes after removal from oyen:

6.2.3 Remove the sample from the bake oven andyimmediately cool by placing in contact
with[the heat sink of 4.5.

If mpre than one sample is to be measured, the-samples and heat sink should be placed|into
a desiccator to limit moisture uptake during.the mass measurements.

Weigh the sample using:the balance described in 4.1 and record the mass as Mcomp gry, 1-

Reaf points: Af_the desired read point; remove the sample(s) from the bake oven. Wijithin
30 minutes aftek-removal of the sample(s) from the bake oven, remove the sample(s) from the
contpiner and) determine their weight using the analytical balance equipment in 4.1. Wijthin
30 minutes after weighing the samples, place them in a clean, dry, shallow container so|that
the
the

dry weight |n.6.2.2.

6.2.5 Place the sample(s) into a stainless steel holder and transfer to a temperature/humidity
chamber stabilized at a pre-set temperature and humidity.

H-is—suggested-that The sample should be transferred into a stainless-steel holder that has
been preheated and stabilized to the set chamber temperature.

6.2.6 At accumulative times, remove the sample from the temperature/humidity chamber,

cool—iraccordance-with-4-2.3-and-measure-the-sample-mass and measure the sample mass

in accordance with 6.2.4. Record the mass as Mcomp wet,t-
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6.2.
selefted for plotting the absorption curve. For the early readings, points should b

sho

Read Points: The X-axis (time) read points, in accordance with IEC 60749@

(24 h or less) because the curve will have a steep initial slope. Later rea

are
tively
ah be

sprejad out further (10 days or more) as the curve becomes asymptotic. The IYT; is (weight
gain)) should start with “0”and increase to the saturated weight gain. Moﬁample(s)

reagh saturation between 0,3 % and 0,4 % when stored at 85 °C/85 % ld?
keptf at room ambient between removal from the oven or chambero,}l
subgequent reinsertion into the oven or chamber.

evices sha
d weighing

,\b&

will
| be
and

Ensyire that no condensed moisture from the chamber walls com% to contact with a sample

during removal from the temperature/humidity chamber. If co
sample, immediately dry the sample using nitrogen or dryldir. The sample should thep be

retu

The
sam
rem

ned to the chamber for re-equilibration and another d point taken at a later time.

me delays longer than 5 minutes

ple from the temperature/humidity chambe i
pval from the temperature/humidity q@

measurements. %)

Withi

SO

temperature/humidity chamber for 6

decreasin

NN

hat the sample bodies do &touch each other. Return the sample(s) to
sired time.

6.2.t Place the sample bx\jrnto the temperature/humidity chamber and continue mass
alsurements until either (()

e following conditions are met.

a) additional weight(%n’ after a 24 h period is less than 0,002 % from the previous
measurement;

ange in mass with time (dM/dt), as depicted in Figure 1.

b) 3 plot of trﬁgi-ght gain versus time shows a linearly increasing weight gain after an initial

é
&S

sample weight measurement shall be made Q@n a few minutes after removal of| the

nsed water should contgct a

hfter

ber could affect the sample weight

in 30 minutes after weighing the sa.&\ples place them in a clean, dry, shallow contginer

the
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dMm/dr = constant

M — Moisture mass

Time
IEC

Figure 1 — Example of linearly increasing mass gain
6.2.9 Record the final wet mass of the sample as Mcomp wet f

6.2.10 Bake the sample again at 125 °C until dry as determinéd,by 6.2.2.
6.2.11 Record the second final dry mass as Mcomp dry,2

6.2.12 Record the saturated moisture mass as, M= Mcomp,wet,f = Mcomp,dry,2:

NOTE An alternative method to estimate the reversibleJsaturated moisture mass can be determined Hy an
interdept approach as shown in Figure 2. Using this method the intercept point between the weight gain curv¢ and
a lindar extrapolation of the linear varying portion of\{ft¢ weight gain curve can be used to estimate the revefsible
Fickign moisture weight gain response.

A

d(M)/dr = constant

{Wet(z) - Dryw(1)}

Intercept point

Moisture nass

Time
IEC

Figure 2 — Alternative intercept method to estimate
the reversible Fickian moisture mass

6.3  Solubility and diffusivity calculation

6.3.1 Calculate the solubility at the given temperature and humidity by using:

MComp,wet,f - MComp,dry,Z - Msat(Ta HR)
14 V

Csat(T= HR)= (3)

where
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Csat(T,HR) is the moisture solubility at temperature 7" and Hg (in mg cm=3);

Mcomp,wet,f  is the final wet sample mass (in mg);

Mcomp,dry,2 s the final dry sample mass after the second bake (in mg);

14

Msat(T'HR)

is the sample volume (in cm3);

6.3.2 Plot mass gain curve versus time using change in mass as M(1) = Mcomp dry,1

6.3.3 Using the plotted curve, calculate the moisture diffusivity from

is the reversible saturated moisture content at temperature T and Hg (in mg).

0,049 19 /2
D(T)=—"——"— (4)
o5
whefe
D(T) s the diffusivity at temperature 7 (in mm2 s~ 1);
H ip the sample thickness (in mm);
to 5ip the absorption half-time defined as the time at which the-absorbed mass of moistufe is
gqual to one-half the saturated mass, for example, M/M 4= 0,5;

M, i the mass of moisture at time .
NOTE An altarnate meothod for determinina D/7) is to use 4 hdct fit curve-fittina annroach of the axnerimantal
NOTE An alternate method for determining Hr7)-is to use a-best-fit curve-fitting approach of th perinfental
weaialt asin data Eauation (4) abhove is recognized o an anidraoximation to the analvtical closed form sollition
weiglit gain data. Equation (4) above is recognized as an approximation to the analytical closed form solfition,
howelher it will nrovide an accurate apnroximation of an arror of laess than g fow ner cent The value ofl D7)
T e e i R e R
datarmined bv a curve-fittina tachniaue should he comnaredd to-the value determined bv caauation (4) as 3 rafatance
determined by a curve-fitting technique should be compared to the value determined by equation (4) as a refefence
chee Raneat the sorntion measurements 4 2 to 4923 ucina different temnerature and humiditv _conditions
checlk. Repeat the sorption measurements 4.2 to-4-3.3 using different temperature and humidity condifions.
S ggv H o 0, > o 0, o o 0, _
NOTHE Formula (4) is recognized as an approximation to the analytical closed form solution, however, it will
provifle an accurate approximation to less@han a few percent error. An alternate method for determining D(7T) is to
use g best fit curve fitting approach of thevexperimental weight gain data. The following solution for rectangu|ar or
squafe samples can be used:

Mt —1 512§ i i exp(_DtLeqv) (5)

) 2 2 2
Mgat 7° 120 w0 nm0 (21+1)* 2m+1)%(2n+1)
2 2 2
(21+1) (2m+1) (2n+1)
wherg Leqv = + +
xn yﬂ Zn
<

Here, x,, y,, and z_ are the width, length, and thickness of the sample, respectively. /, m and » represent integers

relating to calculation of diffusion/concentration steps solved by iterative calculations in each principal direction.
The value of D(T)) determined by a curve fitting technique using Formula (5) should be compared to the value

deter

mined by Formula (4) as a reference check.

6.3.4 Repeat the absorption measurements 6.2 to 6.3.3 using different temperature
humidity conditions. The following environmental conditions shall be used: 30 °C/60 % Hp,
60 °C/60 % Hg, and 85 °C/60 % HR.

and
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6.4 Desorption measurements above 100 °C

6.4.1 Place the sample in a chamber maintained at 85 °C/60 % Hg or 85 °C/85 % Hy for
168 h or until Mg, is achieved as determined by a calculation using a previously determined
diffusivity at 85 °C.

6.4.2 Remove the sample from the temperature/humidity chamber, cool in accordance with
6.2.3 and record the saturated sample weight, M,

6.4.3 Immed|ately—p+aee transfer the sample |nto a stamless steel holder that has been
DAK

It isl suaaested that the sam
H—1S1+-S gestea—thiat—the—Sa

6.4.4 Remove the sample after a recorded elapsed period of time, Aimmediately coo¢l in
accqrdance with 6.2.3 and measure the sample weight in accordance with6.2.4.

6.4.5 Repeat steps 6.4.3 and 6.4.4 until the sample is dry.

Appropriate times for recording weight losses can be determined by using a first-grder
extrapolation of the value for the diffusivity by using an Arrhenius fit (see Clause 7 |and
Clayse 8) of the absorption diffusivities determined in 6:3.3.

Estimated weight losses can be assessed by usingthe following equation:

M _, 8% (2n+127°D t
Mgy 22 2n+1) { } ©)

h2

whefe
D ip the diffusivity;
t ip the time.

6.4.6 Calculate O¢7) using Formula (4), where ¢4 5 is now defined as the time at whicH the
desgrbed mass of-moisture is equal to one-half of the saturated mass.

6.4.7 Reset the bake oven to a higher bake temperature and repeat measurements
following6:4.1 to 6.4.6.

7 Calculation of activation energy for moisture diffusion

The activation energy for moisture diffusion is calculated from the slope of a plot of In{D(T)}
versus 1/T where T is in degrees Kelvin. Report the best fit line as:

Ea
D(T) = Dy exp{— W} (7)

where
Dy is the pre-exponential factor for fitted line (in mm?2/s);
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E, is the activation energy (in eV);
k is Boltzman'’s constant, 8,617 x 107° eV/K.

NoTFE+—Diffusion of moisture-may can show a dependency on the glass transition temperature
(T,) of the material. Measurements above the T of the material should be reported as a
separate activation energy and pre-exponential factor.

NOTE-2 For accurate determination of the activation energy,—it—is—recommended—that a minimum of three

temperatures differing by 20 °C to 30 °C for both above and below Tg is used.

8

The

The

a) 1
b)
c)
d)
e) (

e+

Calculation of functional fit for solubility
J

solubility can be fitted to the following formula:

Cot(T,P) = PSy ex Es
sat\f» - 0 €Xp KT

e

ip the pre-exponential factor for fitted line (in mg2 cm=3 Pa)}

5 the activation energy (in eV);

ik Boltzman’s constant, 8,617 x 107° eV/K.

Summary

following information shall be tabulated;

hould compound identification (see Clause 5);

pst temperature and relative humidities (see Clause 6);
Dy (see Clause 7);

', activation energy (e\\)\(see Clause 7);

D(T), diffusivity at-teémperature (see 6.3).

[<t(T,HR), solubility at a given temperature and humidity (see 6.3);
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 39: Measurement of moisture diffusivity and water solubility in
organic materials used for semiconductor components
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IEC

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEG Vs to prg

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter) referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International, governmental and
bvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordaree~with conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters expre$s] as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technigal*committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are)made to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible. for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible ifivtheir national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation“of conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

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

p liability shall attach to IEC.or its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out{ of ‘the publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawnto the Normative references cited in this publication. Use of the referenced publicatid
dispensable for'the correct application of this publication.

tention issdrawn to the possibility that some of the elements of this IEC Publication may be the subjg
htent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and eléctronic fields. To
is end and in addition to other activities, IEC publishes International Standards, Té&c¢hnical Specificati

sted
non-
bsely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity

r any

and
ge or
and
IEC

ns is

ct of

It is

60749-39 has been prepared by IEC technical committee 47: Semiconductor devices.

an International Standard.

This second edition, based on JEDEC document JESD22-A120B, cancels and replaces the
first edition published in 2006. 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

editi

on:

a) updated procedure for "dry weight" determination.
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text of this International Standard is based on the following documents:

Draft Report on voting

47/2652/CDV 47/2725/RVC

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

The

language used for the development of this International Standard is English.

This
accq
avai

IEC jare described in greater detail at www.iec.ch/standardsdev/publications.

A lig

Mechanical and climatic test methods, can be found on the IEC website-

The
stab
speq

e reconfirmed,

o !

o I

document was drafted in accordance with ISO/IEC Directives, Part 2, and develoeps
rdance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplen
able at www.iec.ch/members_experts/refdocs. The main document types dgvelope

t of all the parts of the IEC 60749 series, under the general title Semicaenductor devic

committee has decided that the contents of this document will‘temain unchanged unti
lity date indicated on the IEC website under webstore.iec.ck in the data related to
ific document. At this date, the document will be

vithdrawn,
eplaced by a revised edition, or

mended.

din
ent,
i by

the
the
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This| part of IEC 60749 details the procedures for the measurement of the chdractef
progerties of moisture diffusivity and water solubility in organic materials tsed in
packaging of semiconductor components.

The
perf
subj

2

The

content constitutes requirements of this document. -FOr dated references, only the ed
cited applies. For undated references, the latest edition of the referenced document (inclu

any

IEC
Res

heat

3

No t

ISO
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4.1
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4.2
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4.3
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SEMICONDUCTOR DEVICES -
MECHANICAL AND CLIMATIC TEST METHODS -

Part 39: Measurement of moisture diffusivity and water solubility in
organic materials used for semiconductor components

Sr-nnn
Add A

e two material properties are important parameters for theneffective relia
brmance of plastic packaged semiconductors after exposure to)'moisture and b
ected to high-temperature solder reflow.

Normative references

following documents are referred to in the text in such a way that some or all of

amendments) applies.

60749-20, Semiconductor devices — Méchanical and climatic test methods — Parf
stance of plastic encapsulated SMDs“to the combined effect of moisture and soldg

Terms and definitions
erms and definitions are listed in this document.

and IEC maintajinyterminological databases for use in standardization at the follo

EC Electropedia: available at http://www.electropedia.org/
O Online browsing platform: available at http://www.iso.org/obp

istic
the

ility
eing

heir
ition
ding

20:
ring

wing

Apparatus

Analytical balance capable of a resolution of either 0,000 01 g or 0,001 % of sample

S.

High-temperature oven capable of maintaining uniform temperatures from 100 °C to

°C+2°C.

Temperature/humidity chamber(s) capable of maintaining temperatures in a range from
30 °C to 85 °C and relative humidities (Hg) in a range from 60 % Hg to 85 % Hg. Within the
chamber working area, temperature tolerance shall be +2 °C and the Hg tolerance shall be
+3 % HR.
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4.4 Perforated stainless steel trays or stainless steel wire mesh baskets used for holding
samples and for placement into ovens.

4.5 Large aluminium plate or disk used for heat sink capability.

4.6 Desiccator for holding dry samples.

5 Samples

P v, FROtHG POUG & v &

g¢nsions shall be accurately measured to wit ,

To gpproximate one-dimensional diffusion behaviour with edge effects limited to less than|5 %
of the total diffusional moisture mass uptake, the free surface area in the thickness dimenision
shall be less than 5 % of the flat-sided free surface area of the sample. For a disc of radids, r,
and thickness, 4, the following relation shall be met:

h < 0,05r (1)
for g coupon of length, L, and width, 7,
0,05(WL
h= 0.05(7) (2)
(W +E)

Recpmmended sample thickness shotld be in the range from 0,3 mm to 1,0 mm. |The
maxjmum sample thickness should not*exceed 1,0 mm, because the time to achieve moidture
satufration at temperatures below. (60 °C will be excessively long for compounds with glow
diffusivity.

The|moisture absorption parameters used in this standard can be obtained from the matgrial
suppliers (such as the resin supplier).

6 Procedure

6.1 Sample preparation

6.1. Process and cure the samples using recommended processing condition$ in
accardance with the manufacturer’s specification

6.1.2 To obtain the appropriate sample thickness as given by Formulae (1) or (2), samples
can be sectioned and finely polished from larger specimens. Near parallel-sided flatness shall
be maintained for samples prepared in this manner.

The prepared samples should be inspected for voids, both internal and surface, using
acoustic microscopy or x-ray. The ideal samples should be nearly void-free.

6.2 Absorption measurements below 100 °C

6.2.1 Measure the linear dimensions of the prepared sample to the nearest +0,02 mm.
Record the sample thickness, %, and calculate the sample volume, V, using the appropriate
geometric relationship based on the sample shape.
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NOTE Calculating the volume by measuring the linear dimensions is never accurate. The error is smaller when
the sample is big. One accurate way of determining the volume is to use Archimedes’s principle, which is to
measure the sample weight in air and immersed in a liquid with known density (ethyl alcohol, IPA, etc.). In this
way, the volume of a sample with irregular shape can also be determined.

6.2.2 The dry weight of the sample shall be determined, in accordance with IEC 60749-20,
firstly by baking the sample for 24 h at 125 +5/-0 °C and continuing to bake and weigh the
sample every 12 hours until no further weight loss is observed to ensure that the sample(s)
are dry. The dry weight is determined when no further weight loss is observed, less than
0,002 % difference, after two consecutive measurements with a minimum baking interval of
12 h. Within 30 minutes after removal from the oven, weigh the sample(s) using the analytical
balance equipment described in 4.1 and determine the dry weight in accordance with 6.2.4.

In apcordance with IEC 60749-20, small sample(s) (less than 1,5 mm total height);deVices
shoyld be weighed within 30 minutes after removal from oven.

6.2.3 Remove the sample from the bake oven and immediately cool by placing in contact
with[the heat sink of 4.5.

If mpre than one sample is to be measured, the samples and heat sink’should be placed|into
a delsiccator to limit moisture uptake during the mass measurements’.

6.2.4 Weigh the sample using the balance described in(4.1 and record the mass$ as
MConp,dry,1'
Reaf points: At the desired read point; remove the €ample(s) from the bake oven. Within
30 minutes after removal of the sample(s) from the bake oven, remove the sample(s) fron] the
con%iner and determine their weight using the analytical balance equipment in 4.1. Wijthin
30 minutes after weighing the samples, place them in a clean, dry, shallow container so|that
the pample bodies do not touch each other..Return the sample(s) to the bake oven forn the
desired time. Continue until the sample(s)have lost all their moisture as determined by the
dry yeight in 6.2.2.

6.2.% Place the sample(s) jnto a stainless steel holder and transfer tgo a
temperature/humidity chamber stabilized at a pre-set temperature and humidity.

The|sample should be transferred into a stainless-steel holder that has been preheated|and
stabjilized to the set chamber temperature.

6.2.6 At accumulative times, remove the sample from the temperature/humidity chamber,
coolfand measuré.the sample mass in accordance with 6.2.4. Record the mass as Mcomp \et t-

6.2.7 Read Points: The X-axis (time) read points, in accordance with IEC 60749-20,| are
selepted-for plotting the absorption curve. For the early readings, points should be relatjvely
shont (24-h or less) because the curve will have a steep initial slope. Later readings cap be
spreladrout further (10 days or mare) as the curve becomes asymptotic The Y-axis (weight
gain) should start with “0”and increase to the saturated weight gain. Most sample(s) will
reach saturation between 0,3 % and 0,4 % when stored at 85 °C/85 % RH. Devices shall be
kept at room ambient between removal from the oven or chamber and weighing and
subsequent reinsertion into the oven or chamber.

Ensure that no condensed moisture from the chamber walls comes into contact with a sample
during removal from the temperature/humidity chamber. If condensed water should contact a
sample, immediately dry the sample using nitrogen or dry air. The sample should then be
returned to the chamber for re-equilibration and another data point taken at a later time.

The sample weight measurement shall be made within a few minutes after removal of the
sample from the temperature/humidity chamber. Time delays longer than 5 minutes after
removal from the temperature/humidity chamber could affect the sample weight
measurements.
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Within 30 minutes after weighing the samples, place them in a clean, dry, shallow container
so that the sample bodies do not touch each other. Return the sample(s) to the
temperature/humidity chamber for the desired time.

6.2.8 Place the sample back into the temperature/humidity chamber and continue mass
measurements until either of the following conditions are met:

a) additional weight gain after a 24 h period is less than 0,002 % from the previous
measurement;

b) a plot of the weight gain versus time shows a linearly increasing weight gain after an initial

decreasing-change-in-mass-with-time (dM/ds) as-depicted-in-Eigure-1
9 Ay 77 g )

A

dMm/dr = constant

M — Moisture mass

Time
IEC

Figure 1 — Example of linearly increasing mass gain
6.2.9 Record the final wet mass of.thé*sample as Mcomp,wet,f-

6.2.10 Bake the sample again at 425 °C until dry as determined by 6.2.2.
6.2.11  Record the second final dry mass as M¢omp dry,2-

6.2.12 Record the saturated moisture mass as, Mg, = Mcomp,wet,f = Mcomp,dry,2:

NOTE An alternativie_ imethod to estimate the reversible saturated moisture mass can be determined Hy an
interdept approachyas'shown in Figure 2. Using this method the intercept point between the weight gain curve and
a lindar extrapetation of the linear varying portion of the weight gain curve can be used to estimate the revefsible
Fickian moisture-weight gain response.
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-
!

d(M)/dr = constant

Intercept point

Moisture mass = {Weti#(r) - DryW(1)}

§
Y -
Time
IEC
Figure 2 — Alternative intercept method to estimate
the reversible Fickian moisture mass
6.3 | Solubility and diffusivity calculation
6.3. Calculate the solubility at the given temperature and humidity by using:
M -M Mt (T, H
Csat(Ta HR): Comp,wet,f Comp,dry,2 - sat( , HR) (3)
V V
whefe
Csatl T.HR) is the moisture solubility at,temperature 7" and Hg (in mg cm=3);
Mcohp,wet,f s the final wet sample mass (in mg);
Mcohp,dry,2  is the final dry sampte mass after the second bake (in mg);
14 is the sample volume (in cm3);
Mg ((T,HR) is the reversible saturated moisture content at temperature T and Hy (in mg).
6.3.2 Plot mass gain.Curve versus time using change in mass as M(1) = Mcomp dry,1
6.3.3 Using the plotted curve, calculate the moisture diffusivity from
0,049 19 h?
D(T)=—""""— (4)
o5

where
D(T) is the diffusivity at temperature 7 (in mm2 s=1);
H is the sample thickness (in mm);

to.51s the absorption half-time defined as the time at which the absorbed mass of moisture is
equal to one-half the saturated mass, for example, M /Mg, = 0,5;

M, is the mass of moisture at time .

NOTE Formula (4) is recognized as an approximation to the analytical closed form solution, however, it will
provide an accurate approximation to less than a few percent error. An alternate method for determining D(7) is to
use a best fit curve fitting approach of the experimental weight gain data. The following solution for rectangular or
square samples can be used:
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exp(—D t Leqv)

(5)

where Leqv = {(2l+1)}2 +{(2m +1)}2 +{(2l’l + 1)}2
Xo Yo Z,

Here] x,, y,, and z_ are the width, length, and thickness of the sample, respectively. /, m and » representiintggers
relating to calculation of diffusion/concentration steps solved by iterative calculations in each principal“direftion.
The yalue of D(T)) determined by a curve fitting technique using Formula (5) should be compared to the yalue
determined by Formula (4) as a reference check.

6.3.4 Repeat the absorption measurements 6.2 to 6.3.3 using different.temperature|and
humfdity conditions. The following environmental conditions shall be usgd:" 30 °C/60 %| Hg,
60 °C/60 % Hg, and 85 °C/60 % Hg.

6.4 | Desorption measurements above 100 °C

6.4. Place the sample in a chamber maintained at 85 °C/60 % Hg or 85 °C/85 % Hpy for
168 |h or until Mg, is achieved as determined by a calculatien” using a previously determjned
diffusivity at 85 °C.

6.4.2 Remove the sample from the temperature/humidity chamber, cool in accordance |with
6.2.3 and record the saturated sample weight, Mgy,

6.4.3 Immediately transfer the sample~dnto a stainless-steel holder that has been
preheated and stabilized at the set bake temperature and place in a bake oven stabilized|at a
temperature greater than 100 °C.

6.4.4 Remove the sample after’a recorded elapsed period of time, immediately cool in
accqgrdance with 6.2.3 and measure the sample weight in accordance with 6.2.4.

6.4.% Repeat steps 6.4:3and 6.4.4 until the sample is dry.

Appropriate times for/recording weight losses can be determined by using a first-grder
extrapolation of ¢he”value for the diffusivity by using an Arrhenius fit (see Clause 7 |and
Clayse 8) of the“absorption diffusivities determined in 6.3.3.

Estimatedsweight losses can be assessed by using the following equation:

6
Mg 7% 5 2n+1) ()

My , 8L (2n+1)°7°Dt
h2

where
D is the diffusivity;
t is the time.

6.4.6 Calculate D(7) using Formula (4), where ¢4 5 is now defined as the time at which the
desorbed mass of moisture is equal to one-half of the saturated mass.
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6.4.7 Reset the bake oven to a higher bake temperature and repeat measurements
following 6.4.1 to 6.4.6.

7 Calculation of activation energy for moisture diffusion

The activation energy for moisture diffusion is calculated from the slope of a plot of In{D(7)}

versus 1/T where T is in degrees Kelvin. Report the best fit line as:

whefe

Dy is the pre-exponential factor for fitted line (in mm2/s);
E, is the activation energy (in eV);

k i Boltzman’s constant, 8,617 x 107% eV/K.

Diffysion of moisture can show a dependency on the glass transition temperature (7,) of
material. Measurements above the T of the material should’ be reported as a sepaz

actiyation energy and pre-exponential factor.
NOTE For accurate determination of the activation energy, a minimum of three temperatures differing by 20
30°

8

d for both above and below Tg is used.

Calculation of functional fit for solubility

Thelsolubility can be fitted to the following fermula:

E
G4 (T, P) = PSy expl ——
sat( ) 0 p{ kT}

whefe

Sy ip the pre-exponential factor for fitted line (in mg2 cm~3 Pa);
E, ip the activation energy (in eV);

k is Boltzman’s constant, 8,617 x 107° eV/K.

9 BSammary

(7)

the
rate

°C to

The following information shall be tabulated:

a)
b)
c)
d)
e)
f)

mould compound identification (see Clause 5);

test temperature and relative humidities (see Clause 6);
Dg (see Clause 7);

E,, activation energy (eV) (see Clause 7);

Csat(T,HR), solubility at a given temperature and humidity (see 6.3);

D(T), diffusivity at temperature (see 6.3).
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semiconducteurs

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comqg
b I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).-L’IEC a pour obj
voriser la coopération internationale pour toutes les questions de normalisationdahs les domaing
lectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internatior
bs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée’ a des comités d'études
Bvaux desquels tout Comité national intéressé par le sujet traité peut) participer. Les organisg
ternationales, gouvernementales et non gouvernementales, en liaison avec/I'lEC, participent égalemen
avaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO), selon
nditions fixées par accord entre les deux organisations.

bs décisions ou accords officiels de I'lEC concernant les questions-fechniques représentent, dans la mesu
Dssible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intérg
nt représentés dans chaque comité d’études.

bs Publications de 'IEC se présentent sous la forme de/recommandations internationales et sont ag
mme telles par les Comités nationaux de I'l[EC. Tous$.les efforts raisonnables sont entrepris afin que
assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsah
ventuelle mauvaise utilisation ou interprétation quisen’ est faite par un quelconque utilisateur final.

ans le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans to
esure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications natio

régionales. Toutes divergences entre.toutes Publications de I'lEC et toutes publications nationalg
gionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

IEC elle-méme ne fournit aucune aftestation de conformité. Des organismes de certification indépen
urnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L’IEC n'est résponsable d'aucun des services effectués par les organismes de certifig
dépendants.

bus les utilisateurs doivent's'assurer qu'ils sont en possession de la derniére édition de cette publication.

Licune responsabilité-ne\doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandat
compris ses expertsiparticuliers et les membres de ses comités d'études et des Comités nationaux de
bur tout préjudice ‘causé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
hture que ce saeit) directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép4
pcoulant dedalpublication ou de I'utilisation de cette Publication de 'l|EC ou de toute autre Publication de
 au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
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droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 60749-39 a été établie par le comité d'études 47 de I'l|EC: Dispositifs a semiconducteurs.
Il s'agit d'une Norme internationale.

Cette deuxiéme édition, fondée sur le document JESD22-A120B du JEDEC, annule et remplace
la premiere édition parue en 2006. Ce document est utilisé avec la permission du propriétaire
des droits d’auteur qui est la JEDEC Solid State Technology Association. Cette édition constitue
une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) mise a jour du mode opératoire relatif a la détermination du "poids sec".
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
47/2652/CDV 47/2725/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I'élaboration de cette Norme internationale est I'anglais.
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. DISPOSITIFS A SEMICONDUCTEURS -
METHODES D’ESSAIS MECANIQUES ET CLIMATIQUES -

Partie 39: Mesure de la diffusivité d’humidité et de I’hydrosolubilité
dans les matériaux organiques utilisés dans les composants a
semiconducteurs

1 Pomaine d’application

La présente partie de I'lEC 60749 détaille les modes opératoires pour la mesure des proprigtés
caralctéristiques de la diffusivité d’humidité et de ’hydrosolubilité dans les matériaux organiques
utiligés dans I’encapsulation des composants a semiconducteurs.

Ces|deux propriétés des matériaux sont des parametres importants pour la performance de
fiabilité réelle des semiconducteurs sous boftier en plastique aprés”exposition a I’humidité et
qui $ont soumis a une refusion a température élevée au moment du.brasage.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent docdment. Pour les références datées, spule
I’édifion citée s’applique. Pour les références non:datées, la derniére édition du documert de
réféfence s'applique (y compris les éventuels amendements).

IEC 60749-20, Dispositifs a semiconducteurs — Méthodes d’essais mécaniques et climatiques
— Partie 20: Résistance des CMS a baijtier plastique a I'effet combiné de I'humidité et de la
chaleur de brasage

3 [Termes et définitions
Auclin terme n'est définivdans le présent document.

L'ISD et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utiligées
en normalisation,\consultables aux adresses suivantes:
. IEC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SQO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

4 Appareillage

4.1 Balance analytique permettant d’obtenir une résolution de 0,000 01 g ou 0,001 % de la
masse de I’échantillon.

4.2 Etuve a haute température permettant de maintenir des températures uniformes de
100 °C a250°C 2 °C.

4.3 Chambres de simulation de température et d’humidité permettant de maintenir des
températures dans une plage comprise entre 30 °C et 85 °C et des humidités relatives (HR)

dans une plage comprise entre 60 % Hg et 85 % Hg. Dans la zone de travail de la chambre, la
tolérance de température doit étre de + 2 °C et la tolérance de Hr doit étre de + 3 % Hg.
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4.4 Plateaux en acier inoxydable perforés ou paniers maillés en acier inoxydable utilisés
pour maintenir les échantillons et pour le positionnement dans les étuves.

4.5 Plaque ou disque en aluminium de grande taille utilisé pour dissiper la chaleur.

4.6 Dessiccateur pour maintenir les échantillons secs.

5 Echantillons

Les

la dimension de I’épaisseur doit étre inférieure a 5 % de la zone de surface libre a cotés
de lléchantillon. Pour un disque de rayon, r, et d’épaisseur, #, la relation“suivante doit|étre
satigfaite:

h < 0,05r (1)

poutl une éprouvette de longueur, L, et de largeur, W,

_ 0,0507)

(m'L) (2)

Il canvient que I'épaisseur d’échantillofyrecommandée se situe dans la plage comprise gntre
0,3 mm et 1,0 mm. Il convient que |'épaisseur maximale d’échantillon ne dépasse pas 1,0 mm,
car lle temps nécessaire pour obténir une saturation d’humidité a des températures infériefures
a 60 °C est excessivement long'pour les mélanges a diffusivité lente.

Les [parametres d’absorption d’humidité utilisés dans la présente norme peuvent étre obtenus
aupfes des fournisseurs.de matériaux (les fournisseurs de résine par exemple).

6 Mode opératoire

6.1 Préparation de I'échantillon

6.1. Traiter et prendre en compte les échantillons en utilisant des conditions de traiteent

P~ P4 £ 4 £ 51 Al FH <l fole: F
reC mrarruyc o, CUTTTUTTITCTIITCTIU d ' Td o T UIuativiT uu Tavrivarlit.

6.1.2 Afin d’obtenir I'épaisseur d’échantillon appropriée, telle qu’elle est donnée par les
Formules (1) ou (2), les échantillons peuvent étre prélevés et polis finement a partir
d’échantillons plus grands. La planéité et le parallélisme des deux bords doivent étre maintenus
pour les échantillons préparés de cette facon.

Il convient de vérifier la présence éventuelle de vides dans les échantillons préparés, a la fois
a l'intérieur et en surface au moyen d’un microscope acoustique ou a rayons X. Dans l'idéal, il
convient que les échantillons ne présentent quasiment aucun vide.
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6.2 Mesures d’absorption au-dessous de 100 °C

6.2.1 Mesurer les dimensions linéaires de I'échantillon préparé a + 0,02 mm prés. Consigner
I’épaisseur de I’échantillon, 4, et en calculer le volume, 7, en utilisant la relation géométrique
appropriée a sa forme.

NOTE Le calcul du volume par mesure des dimensions linéaires n’est jamais exact. L’erreur est plus faible quand
I’échantillon est de grande dimension. Une fagon de déterminer le volume exact est d’utiliser le principe d’Archiméde
qui consiste a mesurer le poids de I'échantillon dans I'air et immergé dans un liquide dont la densité est connue
(alcool éthylique, alcool isopropylique, etc.). Ainsi, le volume d’un échantillon de forme irréguliére peut également
étre déterminé.

6.2. Ce poids sec de I'échaniillon doit étre determiné conformement a I'TEC 60/49-20,
d’abjord en étuvant I’échantillon a 125 +5/-0 °C pendant 24 h et en continuant a étuver et a
peser I’échantillon toutes les 12 h jusqu’a ce qu’aucune perte de poids supplémentaire'ne| soit
obsgrvée afin de garantir que I'’échantillon ou les échantillons sont secs. Le poids sed est
détgrminé lorsqu’aucune perte de poids supplémentaire d’'une différence inférieure a 0,002 %
n’est observée aprés deux mesures consécutives avec un intervalle d’étuvage minimal de 12 h.
les 30 minutes qui suivent le retrait de I'étuve, peser I'échantillon ou‘les échantillong au
moygn de la balance analytique spécifiée en 4.1 et déterminer le poids~sec conformément au

Conformément a I'lEC 60749-20, il convient de peser I’échantillon*ou les échantillons de ptits
disppsitifs (d’'une hauteur totale inférieure a 1,5 mm) dans les, 30 minutes qui suivent le regtrait

Retirer ’échantillon de I'étuve et le refroidir imimédiatement en le mettant en contact
le dissipateur thermique prévu en 4.5.

le cas ou plus d’un échantillon doit étre_mesuré, il convient de placer les échantillons et
le dissipateur thermique dans un dessiccateut“afin de limiter la reprise d’humidité au cours|des
mespures de masse.

6.2.
com

Peser I'échantillon au moyeh de la balance décrite en 4.1 et consigner la masse
e suit: Mcomp, dry,1

Points de lecture: au point de lecture souhaité, retirer I'’échantillon ou les échantillons de I'étuve.
Danp les 30 minutes qui _suivent leur retrait de I'étuve, retirer I'’échantillon ou les échantillons
du conteneur et déterminer leur poids a 'aide de la balance analytique spécifiée en 4.1. Dans
les 30 minutes qui suivent leur pesée, disposer les échantillons dans un conteneur propre,|sec
et peu profond sans-que les corps des échantillons se touchent. Remettre I’échantillon oy les
échantillons dans*I’étuve pendant la durée souhaitée. Poursuivre jusqu’a ce que I’échantjllon
ou lg¢s échantillons aient perdu toute leur humidité comme cela est déterminé par le poids| sec
en 6.2.2.

6.2. Placer I’échantillon ou les échantillons dans un support en acier inoxydable, |puis
transférer dans une chambre de simulation de température et d’humidité, stabilisée a une
température et une humidité préétablies.

Il convient de transférer I’échantillon dans un support en acier inoxydable qui a été préchauffé
et stabilisé a la température établie de la chambre.

6.2.6 Périodiquement, retirer I’échantillon de la chambre de simulation de température et
d’humidité, refroidir et mesurer la masse de I'’échantillon conformément a 6.2.4. Consigner la
masse comme suit: Mcomp wet,t-

6.2.7 Points de lecture: les points de lecture sur l'axe X (temps), conformément a
I'lEC 60749-20, sont sélectionnés afin de tracer la courbe d’absorption. Pour les premiéres
valeurs lues, il convient que les points soient notés sur une période relativement courte (24 h
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