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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
ELECTROCHEMICAL MIGRATION IN PRINTED WIRING BOARDS  

AND ASSEMBLIES – MECHANISMS AND TESTING 
 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and in 
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses 
arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

The main task of IEC technical committees is to prepare International Standards. However, a 
technical committee may propose the publication of a technical report when it has collected data 
of a different kind from that which is normally published as an International Standard, for 
example "state of the art". 

IEC/TR 62866, which is a technical report, has been prepared by IEC technical committee 91: 
Electronics assembly technology. 

The text of this technical report is based on the following documents: 

Enquiry draft Report on voting 

91/1102/DTR 91/1128/RVC 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this publication will remain unchanged until the 
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to 
the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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INTRODUCTION 

Electronic products including components nowadays are designed to satisfy the demands for 
miniaturization, high functionality and environmentally friendly products. Various types of 
degradation occur in the electronic products used in the field. Appropriate measures are 
required to mitigate such degradation from the standpoint of reliability assurance. A study has 
been carried out to develop the understanding of the phenomenon and has proposed test 
methods for electrochemical migration with the purpose of suppressing the migration in products 
used in the field. 

This Technical Report is related to electrochemical migration including conductive anodic 
filament (CAF). Specifically, it explains: 

• the preliminary test: the steady state temperature humidity test, the temperature humidity 
cycle test, the unsaturated pressurized vapor test, the saturated pressurized vapor 
pressure test, the dew condensation cycle test and the water drop test; 

• the insulation resistance measurement method: manual measurement, automatic 
measurement, a dielectric characteristics method, and an AC impedance method. Moreover, 
the difference between the measurement while the specimen is kept in the testing 
environment and not taken out of the chamber for measurement, and the measurement of 
the resistance of a specimen while it is taken out of the test chamber, and the merit of an 
automatic measurement are also described; 

• the equipment used for analysis, the observation method of a failure part, and examples 
which are used for analysis. 

This Technical Report generates a number of benefits for the user: 

Usefulness  the user can examine the electrochemical migration test in a short 
time, and can use it as an indicator of exact analysis.  

Test method selection since for the user the test method which responds to the operating 
condition of the equipment or the purpose is clearly demonstrated, 
comparison of test condition becomes easy. Compared to the 
measurement resistance of a specimen while it is taken out of the 
test chamber after the test chamber is return to the standard 
atmosphere condition, the measurement in the test chamber by 
automatic measurement does not experience the environmental 
change of a specimen at the time of measurement, and since 
continuous measurement can be carried out, the resistance change 
and failure time can be grasped correctly. 

Avoidance of trouble by observing the notice on the test, the user can avoid a trouble and 
carry out test and analysis efficiently. 
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ELECTROCHEMICAL MIGRATION IN PRINTED WIRING BOARDS  
AND ASSEMBLIES – MECHANISMS AND TESTING 

 
 
 

1 Scope 

This Technical Report describes the history of the degradation of printed wiring boards caused 
by electrochemical migration, the measurement method, observation of the failure and remarks 
to testing in detail. 

2 Electrochemical migration  

NOTE Electrochemical migration is sometimes called ion migration. In this technical report electrochemical 
migration/ion migration will be referred to as migration. 

2.1 Operation failure of electronic and electric equipment 

It is known that failures caused by various degradation phenomena occur in electric and 
electronic products while they are used in the field. Causes of such failures are classified in 
Figure 1. The causes may be classified into: electric, thermal, mechanical and electrochemical 
origins. They are entwined with each other. The environment in which equipment is used also 
affects the generation of failures. 

Growth of an electrically conducting filament caused by migration will short-circuit two 
conductors when a bias voltage is applied between them and will lead to a malfunctioning in the 
equipment. 

 

Figure 1 – Main causes of insulation degradation in electronic equipment 
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2.2 Name change of migration causing insulation degradation and nature of the 
degradation 

 History of naming with migration causing insulation degradation 2.2.1

Migration causing insulation failure had been called “ion migration” in Japan. A change of the 
definition of the phenomenon resulted in a change of name to “electrochemical migration”, but 
the name of “ion migration” is sometimes still used. The following description is the history of the 
change of name. 

The first report on insulation failure was made in 1955, where the failure caused by the migration 
of silver atoms was reported and the phenomenon was called “silver migration”. It was also 
found that other metal atoms, including Pb and Cu, caused similar insulation failures, and so the 
phenomenon was called “metal migration”. The term “electromigration” was used as a general 
term for the phenomenon, and has been used for a long time in the IPC test method, 
IPC-TM-650:1987, 2.6.14A. 

It was found since the latter half of the 1960s that interconnection failures in semiconductor 
devices were serious problems as the current flowing through a conductor significantly 
increased. This phenomenon was also called “electromigration”. The opening of a conductor 
was caused by the movement of metal atoms due to an increased current density, which 
produced dense and sparse layers within the conductor and resulted in a break of the conductor. 

IPC changed the name of the phenomenon to “electrochemical migration” in its technical report 
IPC-TR-467A, and developed a new test method, IPC-TM-650:2000, 2.6.14C, which 
ISO adopted as ISO 9455-17. IEC 60194 which provides the terms and definitions for printed 
board design, manufacture and assembly, still uses the term “electromigration”. However, the 
name should be changed in the near future. 

NOTE IPC-9201A uses and defines both electromigration (EMg) and electrochemical migration (ECMg). 

References: 1)  KOHMAN G. T., et al. Silver migration in electrical insulation, BSTJ 34 299, 1955 

 2)  POURBAIX, M., Atlas d’Equilibres Electrochimiques, Gauthier-Villars et Cie ed., 1963 

 Process of degradation by migration 2.2.2

Good insulation between electrodes may be maintained in the application of DC voltage 
between electrodes on a printed wiring board of electronic equipment, as long as the electrodes 
are isolated by an insulating material of a high resistivity. If the insulating material absorbs 
moisture and the insulation resistance decreases, residual ionic contaminants in the insulating 
material or ions in the absorbed moisture will become active and metal atoms in the material will 
be ionized. Metal ions dissolve from the metal electrodes, either from an anode or a cathode, 
into the moistened electrolyte. Ions are transferred through the electrolyte by the electric field 
force. Metal ions (migration) move to an electrode and then educe in the form of dendrite. The 
dendrite bridges the neighbouring conductor electrode. The generation of (electrochemical) 
migration is described in 2.3. 

2.3 Generation patterns of migration 

Migration begins in the anode by dissolving as metal ions by an electrochemical reaction. There 
are two cases of this phenomenon as shown in Figure 2. In the first case, the reduction of ions 
into metal atoms or chemical compound molecules occurs somewhere in between the electrodes. 
In the second case, the reduction of metal ions occurs when the ions reach the cathode. 

The first case is observed when the insulating material still maintains a high resistance to the 
order of 108 Ω or higher. The second case is often observed in HAST (highly accelerated 
temperature and humidity stress test), where the insulation resistance is reduced by the 
presence of dew, solder resist or cover layer on the insulation surface.  

The difference in these two cases of migration seems due to the difference in the degree of 
easiness of movement of the metal ions. The second type of migration becomes dominant when 
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the apparent resistance decrease exists and the metal ions can move more easily than in the 
first case, while the first case is dominant when metal ions resolve from the anode but cannot 
move easily in the insulation. The change of one mechanism to the other in the migration is not 
an independent phenomenon but is simply due to the difference in insulation resistivity of the 
electrolyte material between electrodes. 

 

Figure 2 – Generation patterns of migration 
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3 Test conditions and specimens 

3.1 Typical test methods 

the main test method for migration is shown in Table 1. 

Table 1 – Standards for migration tests 

Items Humidifying conditions Duration and bias Document no. 

Steady state 
Temperature/ 
humidity test 

40 °C ± 2 °C 

93 %  ± 3 %RH 

24
0168+  h 

500 h ± 48 h 

1 000 h ± 96 h 

IEC 60068-2-78 

60 °C ± 2 °C 

2
393+

− %RH 

24
0168+  h, 500 h ± 48 h 

1 000 h ± 96 h 

IEC 60068-2-78 

85 °C ± 2 °C 

85 %  ± 3 %RH 

24
0168+  h, 500 h ± 48 h 

1 000 h ± 96 h 

IEC 60068-2-67 

Temperature/ 
humidity cycle test 

Relative humidity: 90 % to 
98 % 

80 % in rising and falling 
period 

1) Exposure to humidity 
followed by exposure to 
cold. 

2) Exposure to humidity not 
followed by exposure to 
cold 

As agreed between user and 
supplier 

About 1 000 h 

DC voltage of 30 V to 50 V is 
usually specified 

IEC 60068-2-38 

Unsaturated pressurized 
vapour test 

110 °C ± 2 °C, 85 % 
 ± 5 %RH 

120 °C ± 2 °C, 85 % 
 ± 5 %RH 

130 °C ± 2 °C, 85 % 
 ± 5 %RH 

96/192/408 2
0
+  h 

48/96/192 2
0
+  h 

24/48/96 + 2
0
+  h 

IEC 60068-2-66 

130 °C ± 2 °C 85 %  ± 5 %RH 96 h JESD22-A110-B 

Saturated pressurized 
vapour test 

121 °C, 205kPa (100 %RH) 2 h, maximum 8 h 

No voltage applied 

JESD22-A102-C 

Pre-treatment (205kPa), 
30 min 

Then 260 °C solder 
immersion 

 IPC-TM-650:1994, 
2.3.16.1C 

 Condition Zone JPCA ET 09 

t1 t2 t3 t4 

1 5 °C/ 
60 %RH 

≤ 20 s 25 °C/ 
90 %RH, 
20 min 

≤ 15 min 

2 0 °C, 
25 min 

≤ 20 s 30 °C/ 
90 %RH, 
20 min 

≤ 15 min 

3 –5 °C, 
30 min 

≤ 20 s 35 °C/ 
90 %RH, 
20 min 

≤ 15 min 
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3.2 Specimens in migration tests 

 Design of test specimens 3.2.1

Design of specimens for migration evaluation depends on the region of a circuit board to 
evaluate migration. A conductive pattern for test should be selected according to the Japan 
Electronics Packaging and Circuits Association's JPCA ET 01. 

Only the patterns for surface insulation measurement are described here. The materials of the 
specimens are also defined in the previous edition of JPCA ET 01.  

3.2.1.1 Pattern for evaluation of surface insulation resistance 

Surface here means the board plane but does not mean the board surface itself. The pattern 
may be used for both top and bottom surface layers and also the inner layers of a board. The 
actual electrode size used in the products may also be used for test specimens. Two types of 
patterns are specified in this document. 

1) JPCA ET 01 
a) Standard pattern 

The standard dimensions given in Figure 3 and Table 2 are specified. These dimensions 
are also compatible with those specified in IPC-SM-840. Fine patterns are not specified 
here. Standard patterns are widely used in the industry and the results of the 
measurement can be used for the comparison with the data in the practical field. The 
distance between two patterns should be more than 20 mm when more than one pattern 
is formed on the same board. 

 

Figure 3 – Basic comb pattern 
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Table 2 – Standard comb type pattern (based on IPC-SM-840) 

Dimensions in millimetres 

Pattern A B C 

Conductor width (l1) 0,165 0,318 0,635 

Conductor gap (l2) 0,165 0,318 0,635 

Overlap (l4) 15,75 15,75 15,75 

Distance between conductor tip and base (l3) ≥ 5,0 ≥ 5,0 ≥ 5,0 

 

b) Fine pattern 
There are many boards using fine patterns now. Fine patterns are specified in Figure 4 
and Table 3 in this document. A finer pattern not stated in Table 3 such as of less than 
50 µm may be defined in individual specifications. 

 

Figure 4 – Comb type fine pattern 

Table 3 – Comb fine pattern (based on JPCA BU 01) 

Pattern FA FB FC 

Conductor width (l1) 50 µm 75 µm 100 µm 

Conductor gap (l2) 50 µm 75 µm 100 µm 

Overlap (l4) 10,0 mm 10,0 mm 10,0mm 

Distance between conductor tip & base (l3) ≥ 5,0 mm ≥ 5,0 mm ≥ 5,0 mm 

 

The distance between conductor tip and comb type base pattern (l3) should be more than 
5,0 mm as results obtained may be affected if this distance is very short. We define only the 
overlap length of comb pattern conductors. The shape of the conductor tip should have some 
effect on the results but only the distance is defined here as it may be difficult to define the exact 
shape of the conductor tip and not practical. 

2) Other test patterns 
a) Test pattern used by the migration study group (ECM group) 

The ECM Group uses the pattern shown in Figure 5. 

l3 

l4 

l2 l1 
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Figure 5 – ECM group comb type pattern (mm) 

b) Test pattern used for flexible wiring board (see JPCA DG 02) 
The test pattern specified in JPCA DG 02 is shown in Figure 6. The design guide for a 
flexible board includes the cover-lay and cover coat made of the same material. The 
number of conductor pairs is 75. The width and space (L/S) of conductors are chosen 
from the range of 60/60 µm to 100/100µm. 

Dimension in millimetres 

 

NOTE The circular areas surrounded by the dotted circles are openings of cover-lay and cover coat. 

Figure 6 – Comb pattern for insulation resistance of flexible printed wiring board 

3) Insulation resistance measurement pattern for an inner layer between inner layers 
The evaluation pattern of the inner layer of a multi-layer board is also a comb pattern, the 
same pattern as that of the pattern for the evaluation of the surface layer. The same patterns 
are formed on two adjacent layers. One of the layers may be the board surface layer. 

4) Insulation resistance measurement pattern between through-holes 
a) JPCA ET 01 
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The evaluation of insulation between through-holes or via-holes is made using the 
pattern of two rows of through-holes or via-holes facing each other as illustrated in Figure 
7. Details of Figure 7 are shown in Figure 8. The dimensions of the holes are given in 
Table 4. The holes are electrically connected. The figures show the case of 
through-holes. The diameter of holes is kept constant. The number of holes on a line is no 
less than five. Care should be taken that ion migration between potential feeding 
conductors (usually on the surface layer) should not occur. 
The properties of copper-clad laminate (CCL) have directional dependence (vertical, 
horizontal and diagonal to glass cloth fibre direction). Test results may depend on the 
arrangement of holes and direction of the board used. It is advised to evaluate the board 
using specimens with different directions of holes. 

 

Key 

1 Hole pitch (p) 

2 Wall to wall distance (s) 

3 Hole diameter (d) 

4 and 5 Cross section 

Figure 7 – Insulation evaluation pattern for through-holes and via holes 
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Key 

1 Hole pitch (p) 

2 Wall to wall distance (s) 

3 Hole diameter (d) 

Figure 8 – Details of the insulation evaluation pattern of Figure 7  
(cross section of 4 and 5) 

Table 4 – Dimension of insulation evaluation pattern for through-holes 

Hole diameter (d) (µm) 300 

Wall to wall distance (s) (µm) 150 200 250 300 350 400 

Hole pitch (p) (µm) 450 500 550 600 650 700 

Pattern arrangement n holes × 4 rows (n ≥ 5) 

 

b) ECM group test pattern 
The migration study group used the test pattern shown in Figure 9 for migration and CAF 
tests. Hole diameter and hole separation are specified for each test. 

 

Figure 9 – Test pattern of the migration study group 

It is necessary to design a test pattern for the evaluation of insulation resistance between 
holes, inner layers for power supply and/or the ground plane of a board by varying the 
insulation distance. Due to the change of the insulation distance by the position shift 
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during manufacturing, it is necessary to design the test pattern in such a way as to 
change the hole diameter and the diameter of the inner layer clearance to evaluate a 
variation in the insulation resistance. It is desirable to prepare two sets of test patterns, 
and perform the tests by setting the inner layer pattern as the positive electrode and the 
hole as the negative electrode for one set of tests and then reverse the polarity of the 
electrode for another set of tests. 

 Specifications and selection of specimen materials 3.2.2
1) Copper clad laminate (CCL) 

There are two types of CCL, one for regular rigid printed wiring boards and the other for 
flexible wiring boards. CCL for rigid boards uses glass cloth as the base material, laminate 
with resin impregnated prepreg and copper foils. Products may be classified by the materials 
used as paper-phenol laminate, glass-epoxy laminate, and glass-polyimide laminate, or by 
grade specifications such as FR-4, GPY, and CEM-3. Flexible boards are laminates of resin 
film and copper foil, and may be classified as polyimide laminates and polyester laminates. 
Polyimide laminates are further divided into adhesive laminated boards and non-adhesive 
laminated boards. 
The appropriate copper foil should be selected according to the purpose of the test. Highly 
migration resistive copper laminate should be used especially when evaluating the migration 
resistant materials and the precise characteristics of the boards. Migration resistivity varies 
significantly with the selection of the resin used. It is reported that glass-polyimide laminate 
is about ten times CAF resistive compared to glass-epoxy laminate of FR-4 grade. The 
migration characteristics of FR-4 grade glass-epoxy laminate vary significantly with the 
composition of resin, the types of glass cloth or the amount of resin used. Migration in 
flexible copper foil laminate boards significantly varies if adhesive is used. Polyimide 
laminates not using adhesive have significantly better migration resistivity compared to 
those using adhesives. 

2) Copper foil 
There are two types of copper foil according to manufacturing methods. One is 
electrodeposited copper foil and the other is wrought foil. Electrodeposited copper foil is 
used in most rigid boards and both wrought and electrodeposited copper foils are used in 
flexible boards depending on the board property requirements. The copper foil for evaluation 
should be selected for foils of proper type, thickness, surface roughness, and surface 
treatment. The thickness of the copper foil used in an inner layer may affect the lamination 
property of the inner conductor pattern and migration. Surface roughness of the copper foil 
used to form the comb pattern can affect the adhesiveness of copper foil and thus electrode 
formation. If the surface roughness is very large, the rough surface of the copper foil may not 
be sufficiently etched in the electrode formation and residue copper may remain in the gap 
between the copper electrodes. The copper foil with a rough surface may also touch the 
glass-cloth of laminated boards. These may become the factor to cause migration. On the 
other hand, a very smooth surface reduces the adhesiveness of copper foil and may cause 
peeling off during the test. 

3) Solder resist 
There are three types of solder resist: the development type, the thermosetting type, and the 
UV hardening type. Most of the solder resist used in production is the development type. This 
type of solder resist film is formed on a board by a screen print, a spray-coat, a curtain-coat, 
or a film lamination, and then patterns are made by photo-lithography. 
It is necessary to select the proper type of solder resist in the evaluation of the board. The 
selection depends on the purpose of the test and the dimensions of the electrodes. A 
well-established technique should be used to apply the solder resist. Insufficient hardening 
of the resist may result in corrosion of the electrode pattern and in the opening of a test 
circuit. In this case the degradation of the insulation resistance cannot be detected. Voids 
may be formed if bubbles are included in the solder resist. Bubbles will be made by the 
screen printing at the interface of the resist and underlying copper. Insulation deterioration is 
observed even for an electrode spacing of 250 µm due to deterioration caused by the voids. 
The printing condition and the holding time to leave a specimen in a chamber for hardening 
after printing should be optimized especially when a fine pattern is used for test specimens. 
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It is known that voids are observed even in the solder resist of the dry film type, but voids in 
this case do not significantly affect the degradation of the insulation resistance because the 
electrodes are well covered by a dry film. There may be a case, however, where the dry film 
type solder resist may have inferior adhesiveness compared to the liquid type resist. 
Corrosion may occur at the interface and the inner pressure generated by the precipitates 
may break the resist film and cause migration. 

 Remarks on the preparation of specimens 3.2.3
1) Surface pattern 

The migration test result may be affected by the surface treatment of the board (such as UV 
treatment and plasma treatment), the surface treatment of the conductor patterns (such as 
electroplating) and the presence or not of the formation condition of the solder resist. The 
board surface should be carefully cleaned before applying the solder resist. The formation 
and curing conditions of the resist should be carefully checked so as not to form voids and 
non-hardened regions. Pin holes and non-plated parts should not be formed on the electrode 
when the surface of the conductor pattern is electroplated. 
The flux residue may cause an insulation defect when a cable is soldered to the conductor. 
The soldered joint should be cleaned thoroughly. The soldering heat may also deteriorate a 
specimen so that soldering should be made in as short a time as possible. 

2) Inner pattern 
As in the case of the surface pattern, the surface treatment of the board itself or the surface 
treatment of the conductor pattern (oxidation or reduction conditions) may affect the test 
results for the inner pattern. In the lamination process of the board, sufficient and thorough 
cleaning of the laminating layers should be made. The laminating condition should also be 
checked so as not to cause de-lamination. 

3) Through-holes and via holes 
Hole formation conditions including drilling, desmear, or electroplating of the inner wall of a 
hole may affect the results of the migration test. Such conditions should also be carefully 
checked. 

 Storing of specimens 3.2.4

Dust and some foreign particles may deposit on the surface of specimens if the specimens are 
left in open air in a room. In the case of organic resin materials, the amount of absorbed water 
vapour increases as time goes by and the insulation characteristics of the specimens may 
deteriorate. Care should be taken when storing the specimens: 

1) Specimens should be stored in plastic bags or in a desiccator to protect them from 
contamination. If left in an open air, the surface of specimens may be oxidized, sulfurized, or 
salified. A box should be available where humidity inside the box may be controlled or filled 
with inert gas. 

2) The surface of a desk should be discharged before specimen handling to protect it from dust 
deposition. 

 Pretreatment of the specimen (baking and cleaning) 3.2.5

Dirtiness between conductor patterns (dust, dirt, etc.) or absorption of water are the causes that 
deteriorate the insulation resistance and they have to be carefully checked before the test. 
Pretreatment of the specimens before the test may reset the target section of the specimen 
when the evaluation is planned to check the effects of board fabrication. Pretreatment may be 
employed to apply environmental stresses (heat, humidity history, etc.) to the specimen. 
Pretreatment should be chosen in accordance to the purpose of the evaluation. Explanations 
are given in the following for various pretreatments used for tests in this document. 

1) Necessity of pretreatment 
a) Cases where pretreatment is necessary: 

• Evaluation of the conductor pattern design when the surface condition is not of 
significance. 
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• Comparison of the characteristics of the specimens which are made at different times, 
or of specimens stored for a long time so that the surface conditions may have been 
changed, e.g. surface contamination or water absorption. 

• Removal of the flux residue on the conductor surface. 

• Other. 
b) Cases where pretreatment is not necessary: 

• Cleaning using alcohol or acetone may dissolve impurities of specimen containing 
organic substances. 

• Evaluation of the surface treatment process and materials. 

• Other. 
2) Pretreatment 

Table 5 gives the general pretreatment to printed wiring board. 

Table 5 – Surface pretreatment to printed wiring board 

Purpose Standard Process 

Cleaning ISO 9455-17 

Pretreatment of copper patterns for flux test: 
1) clean specimen with purified water using a soft brush for 30 s 
2) spray rinse with purified water 
3) clean specimen with isopropyl alcohol using a soft brush for 30 s 
4) rinse with isopropyl alcohol 
5) dry the specimen in a dryer for 3 h at 60 °C 

Drying 

IEC 60068-1 
Specimens are kept under the following condition for 6 h for 
pre-drying, if needed, before the start of a series of measurements: 

55 °C ± 2 °C, < 20 %RH, atmospheric pressure of 95 kPa to 106 kPa 

IEC 60068-2-2 
Keep the specimen at 25 °C ± 5 °C, and 45 %RH to 75 %RH until the 
temperature of the specimen becomes stable at the temperature. 

Change the humidity to 95 % to 100 %RH within 1 h. 

EIAJ ED-4701/301 Heat treatment that is usually performed as the pretreatment for 
soldering (125 °C ± 5 °C/24 h) 

Preconditioning 
EIAJ ED-4701/301 

JESD22-A113 

Heat and humidity treatment considering the environmental effects to 
the assembly process for surface mounting device (SMD) packages 

 

 Care to be taken in handling specimens 3.2.6

Care should be taken in handling the specimens as surface contamination affects the results 
considerably. 

1) Operators should use disposal masks and latex gloves. 
2) Work should be made on a sheet of dust free paper. 
3) Use chlorine free flux. 
4) Cover the conductor pattern with the dust free paper used in clean room in soldering not to 

splash the flux to the specimen surface. 

3.3 Number of specimens required in a test 

 Specifications given in JPCA ET 01 3.3.1

The number of specimens required depends on the purpose of a test, for example whether a test 
is for test products or for mass produced products. There are few references giving the numbers 
clearly for any specific purpose of a test. Table 6 gives a rough guidance to the number of 
specimens required for the purpose of a test. 
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Table 6 – Number of specimens (JPCA ET 01) 

Purpose Basic concept 

Evaluation of test product Discrete device: n≥  5 

n ≥  10 is recommended 

Evaluation of mass product Discrete device: n≥ 10 

 

 Number of specimens in a test 3.3.2

The number of specimens required at different production stages is specified in JPCA ET 01 as 
shown in Table 6. For the evaluation of products at a test production stage n may be 5 but n ≥  10 
is recommended. The difference in number for the specific purpose of a test is not standardized 
in this technical report but given in Table 7 as reference. 

Table 7 – Approximate number of specimens  
required depending on the purpose of the test 

Purpose Consideration 

Difference in 
production 
stages 

Evaluation of design and test 
production 

Discrete component: n ≥  5 

n ≥ 10 is recommended 

Evaluation of mass produced 
products 

Discrete component: n ≥  10 

Difference in the 
purpose of a 
test 

a Initial failures – It is very difficult to decide n theoretically. 
– It is the best method to change the specimen number from 

the conventionally accepted number so as to obtain a 
reasonable result. 

b Random failures 

c Failure levels (λ, 
MTTF) 

– It is possible to decide n statistically. 
– n may become very large unless an accelerated test is 

adopted. 

d Life 
– A similar consideration stands as in a and b. 
– Only for single component with a finite life time. 

 

 Number of specimens for the different evaluation purposes of a test 3.3.3
1) If the purpose is a, b, or d of Table 7: 

• For a and b 
The method to determine the number n from the available data of generation of failed 
components from the standpoint of the detection of a failure lot at a reliability level of 
90 %. 

• For d 
The method to determine the number n in the process of approval of the averaged and 
difference of quality to confirm there is no difference in the quality of the component of 
the interest. 

2) If the purpose is c of Table 7: 
There are several sampling methods to select n to study λ, the failure rate, and the MTTF 
(mean time to failure) by a relevant test. 
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For details, refer to the above-mentioned standards or to the description of the statistical 
sampling method of the reliability test. 

The number of n ≥  30 is required to obtain an objective confirmation of the life of a product. 
Some say n ≥  20 is necessary to obtain an acceleration factor in a Weibull analysis while there 
is a text requiring n ≥  50. The cost of a test is roughly proportional to the number of specimens 
but the quality and quantity of information attainable from a test are increased as the specimen 
numbers are increased. It is necessary to decide on a proper number of specimens in the 
evaluation analysis and an optimum number should be selected considering the cost, the testing 
time and a comparison of the results with the available data from tests made before. A minimum 
number of 10 seems necessary in any case. 

4 Test methods 

4.1 General 

Each test is performed using individual standard test. In Clause 4 the summaries of the purpose, 
the test equipment and test method, and the items to be noted for each test related to ion 
migration are described. 

4.2 Steady state temperature and humidity test and temperature-humidity cyclic test 

 Purpose and outline of the test 4.2.1

There are two types of tests in this category. One is for the test keeping a specimen in an environment of a specified 
temperature and humidity for a specified time. The other, which is called a cyclic test, is to expose a specimen in 
an environment where a change of temperature and humidity is 1 cycle a day. The steady state temperature and 
humidity test is suitable to check the insulation degradation caused by absorption of water vapour while the cyclic 
test is used for insulation degradation due to forced dew formation in an environment as shown in SOURCE:  IEC 
60068-2-30:2005, Figure 2b. 

Figure 11. There is another type of temperature-humidity cycle as shown in SOURCE:  IEC 60068-2-38:2009, Figure 
2 and Figure 3. 

See 6.4 of IEC 60068-2-38:2009. 

Figure 12 which includes a low (freezing) temperature to check the effects of both a freezing and 
high temperature environment on a specimen. The test including a dew formation effect may not 
be very stable as the dew formation on a specimen is not a stable phenomenon. A cyclic test for 
dew formation with more realistic environmental conditions is described in 4.5. Stabilization of a 
specimen in the testing environment, especially with a change of humidity condition is very 
important in these kinds of measurements. Recent improvements in materials inevitably require 
a very long time for such a temperature-humidity test. 

Case in which a 
Weibull distribution is 
assumed 

Case in which an 
exponential distribution 
is assumed 

MIL-HDBK-781A 
 

ANSI/ASQ Z1.4 

ANSI/ASQ Z1.9 Sampling by variable 

Sampling by attribute 
 

Single sampling by attribute 
 

Single sampling by attribute T/r (total 
operation time /failure rate) 

MIL-STD-690 

Sequential sampling 
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 Test profile 4.2.2
1) Steady state temperature-humidity profile 

Care should be taken for dew formation on a specimen when the surface temperature of the 
specimen is lower than the dew point of the test chamber. Dew may be formed on the 
specimen surface in such a case. Dew may easily be formed when the heat capacity of a 
specimen is large and there is a difference between the chamber temperature and that of the 
specimen. Such a test is often made with a temperature profile shown in Figure 10 to avoid 
dew formation. The temperature is first raised followed by an increase of humidity to avoid 
dew formation on the surface of a specimen. It is recommended to change the temperature 
slowly with a rising rate of 1 °C/min and a humidity increase of less than 1 %RH/min. 

 

Figure 10 – Recommended profiles of increasing temperature and humidity 

2) Temperature-humidity cyclic test profile 

The purpose of the cyclic test is to check the effect of dew formation. Care taken to avoid dew formation as in the case 
of the steady state temperature and humidity test is not necessary. Follow up of the temperature of a specimen to 
the change of the chamber temperature is important in a temperature-humidity cyclic test. Control the temperature 
and humidity as specified in the individual specification. SOURCE:  IEC 60068-2-30:2005, Figure 2b. 

Figure 11 and SOURCE:  IEC 60068-2-38:2009, Figure 2 and Figure 3. 

See 6.4 of IEC 60068-2-38:2009. 

Figure 12 are the temperature profiles specified in IEC 60068-2-30 and IEC 60068-2-38, 
respectively. 

Test 
temperature 

Test humidity 

(25℃) 

50 % RH 

Room temperature 
1 % RH/min 
 

1℃/min 
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SOURCE:  IEC 60068-2-30:2005, Figure 2b. 

Figure 11 – Humidity cyclic profile (12 h + 12 h) 
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SOURCE:  IEC 60068-2-38:2009, Figure 2 and Figure 3. 

See 6.4 of IEC 60068-2-38:2009. 

Figure 12 – Profiles of combined temperature-humidity cyclic test 
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 Test equipment 4.2.3
1) Construction 

A typical structure of the steady state temperature-humidity test equipment is illustrated in 
Figure 13 and main elements of the equipment are described. 

 

Key 

1  Door 2 Working space 3 Machinery room 

4  Temperature sensor for humidity 5  Temperature sensor 6  Fan 

7 Heater 8  Cooler 9 Dehumidifier 

10 Heater for moisture 11  Humidifying water 12 Temperature and humidity controller 

13  Solid state relay (SSR)   

Figure 13 – Structure of steady state temperature-humidity test equipment 

a) Blower 
The fan used in the equipment may be a sirocco fan, a propeller fan, or a line flow fan 
according to the required wind in the equipment. The material of the fan may be stainless 
steel, aluminium alloy, or carbon steel depending on the temperature in the chamber. 

b) Heater 
The heater may be either a strip-wire heater, a silicon rubber insulated heater or a sheath 
heater depending on the required heat and environment of the chamber. Some chambers 
use a Peltier heat element. 

c) Cooler 
A mechanical compressing refrigerator is commonly used. Some chambers use a Peltier 
heat element. 

d) Dehumidifier 
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A dehumidifier is basically the same as a cooler. Some systems use a cooler for a 
dehumidifier. 

e) Humidifier 
There are several types of humidifiers. They are: a pan-type humidifier which has a pan 
with a heater, and water is poured in the pan and heated to generate water vapour; a 
humidifier unit which sends water vapour generated in a system installed outside of a 
chamber and sends the vapour into the chamber; an ultrasound humidifier which 
vapourizes fine water drops dropped on a ultrasound vibrator, or aerosol spray type 
humidifier. The pan-type humidifier is widely used because of its simple structure 
requiring a small space and also its low cost. 

2) Temperature-humidity control system of the test chamber 
The steady state temperature-humidity test and the temperature-humidity cyclic test may be 
made using the same equipment. The test chamber may be classified into the following types 
by the humidity generating systems. 
a) Direct type (balanced humidity control) 

Humidity is increased when the humidity of the chamber is less than the test humidity 
condition and dehumidified if the humidity is higher than the specified value. It is possible 
to obtain stable humidity conditions by balancing humidification and dehumidification. It 
is usually possible to set a wide range of humidity levels, and the response time is very 
fast to a change of setting conditions or to variations of load (specimens). It is also 
possible to set a complicated test condition. This type of humidity controller is most 
widely used. 

b) Two-temperature type 
First cool the air in the chamber to the dew temperature of the humidity at which a test is 
made to make the air to saturated vapour pressure, and then heat the air to the 
temperature and humidity of the test condition. There are several methods to obtain 
saturated humid air. The most commonly used method is to shower the air and pass the 
air through water by bubbling. It is possible to obtain stable and accurate humidity in this 
system but response time to condition changes is inferior to the direct method. 

3) Remarks on the test equipment 
a) A thermal insulation material is used for the outer wall of the test chamber to attain better 

thermal insulation. The performance of the insulation material used in the test chamber 
deteriorates after the use of the chamber for a long time, due to the absorption of water 
vapour inside of the chamber, and there is a case of dew formation on the inside wall of 
the chamber. Replacement of the inside wall and thermal insulation of the wall of a 
chamber are necessary in such a case. 

b) The inside environment of the test chamber may be affected by the environment the 
equipment is installed in as the air in the room is directly fed into the chamber in the case 
of steady state temperature-humidity test. Air contamination in the room may affect the 
test results if there are some corrosive gasses such as chlorine, hydrogen sulfide or 
others alike. The test equipment should be installed in good air conditions. 

 Remarks on testing 4.2.4

The steady state temperature-humidity test and cyclic temperature-humidity test are made as 
specified in relevant standards but these standards described do not state the detailed 
know-how of the operation of a test. Some of the know-how of test performance is given here: 

1) Wick 
a) Deteriorated wick and exchange of wick 

A dry and wet bulb hygrometer is usually used in the present steady state 
temperature-humidity test chamber. It is necessary to supply water to the wet bulb by 
means of a piece of cloth such as gauze (called wick). The wick may deteriorate after 
being used a long time and its colour may change. Such a deteriorated wick may affect 
the humidity measurement and the experimental results. 
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It is usually necessary to change a wick once a month. However, it is better to change a 
wick when the equipment is not used for a long time or the wick replacement history is 
uncertain. 

b) Cleanliness of the wick in the market 
Table 8 shows the result of the ion chromatography analysis of wicks obtained in the 
market. Some wicks contain a high concentration of contaminations. Some antibacterial 
wicks are treated with chloride chemicals to avoid contamination by germs. A clean wick 
should be used in a measurement of insulation deterioration. 

Table 8 – Ionic impurity concentration of wick (10–6) 

Specification Na+ NH4
+ K+ Cl- PO4

3- SO4
2- 

General 229 3 210 13 6 14 

Antibacterial treatment 28 5 6 638 82 39 

 

2) Position of specimens in the test chamber 
Air in the chamber is force circulated using a fan to keep the temperature and humidity in the 
chamber at the steady state. The air flow is obstructed by the presence of the specimens in 
the chamber. The positions of specimens should be carefully considered in order not to 
obstruct the air flow in the chamber, considering the air flow in the chamber as illustrated in 
Figure 14 a) and b). The position as illustrated in Figure 14 c) should be taken in case the 
number of specimens is large. 

 

a) Good ventilation  b) Poor ventilation c) Sample arrangement in case of  
a high number of specimens 

Figure 14 – Specimen arrangement and air flow in test chamber 

There may be an appreciable temperature difference at the centre and at the inner wall of the 
chamber. A working space is defined for a steady state temperature-humidity test. Appropriate 
space in a chamber is illustrated in Figure 15 for a rectangular or a cubic chamber. An 
appropriate space for a chamber is in the range excluding 1/10 of the distance between facing 
walls as shown in Figure 15. Temperature deviation may be greater outside of this effective 
space and test specimens should be placed within this space in the chamber. 
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Volume (I) 

Minimum  
value of  
L1, L2, L3 

mm 
Up to 1 000 50 

1 000 to 2 000 100 

More than 2 000 150 

  

Figure 15 – Effective space in a test chamber  

3) Sealing of cables feeding into the chamber 
The cable protruding into the chamber should be firmly sealed so as not to leak the air in the 
chamber to the outside. Vapour may leak and the dew formed on a cable may also leak 
outside of the chamber if the sealing of the cables is not properly made. 

4) Maintenance of the water quality of the water level controller of a steady state 
temperature-humidity test chamber 
It is necessary to clean the bottom of the water pan of a humidifier of the chamber and the 
water level controller of a wick pan constantly. Water is not supplied constantly to the level 
controller of the wick pan and the chance of growing weed in the wick pan is somewhat 
higher than the water pan of the humidifier. A water mixing fan in some water level controllers 
is equipped at a lower position in a pan and the water temperature may rise. Chance of weed 
growth is higher in such a case. The water pan of a humidifier may have concentrated 
impurities in water and may damage the heater in it. The heater should also be cleaned 
periodically. 

5) Removal of specimens from the test chamber after the test 
Specimens are kept in a high temperature and high humidity environment in a steady state 
temperature and humidity test. Dew may develop on the specimen surface when specimens 
are taken out of the chamber. It is advised to keep the specimens for some time (1 h to 2 h) 
at 50 %RH and then to take them out for measurement. 

4.3 Unsaturated pressurized vapour test or HAST (highly accelerated temperature and 
humidity stress test) 

 Purpose and outline of the test 4.3.1

The high temperature high humidity steady state test (unsaturated and pressurized vapour) 
specifies an environmental test applying a voltage to a printed wiring board at a high 
temperature and high humidity steady state condition in JPCA ET 08. This test is prepared to 
evaluate accelerated insulation degradation, resistance to migration, comparison of the 
characteristics of board materials, resistance to humidity of the insulation film (such as solder 
resist), and other characteristic deterioration of materials. 

A HAST test is defined by JESD22-A110. It is a test with a high humidity environment performed 
at a temperature higher than the boiling temperature of water to accelerate material degradation 
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as described in 4.2. Water is absorbed into a specimen very rapidly in an environment of high 
temperature, high humidity and high pressure. 

This test was originally developed as a corrosion test of semiconductor devices. This test was 
also introduced to evaluate electronic materials of high quality recently developed and used 
together with semiconductor devices as the conventional steady state test at 85 °C and 85 %RH 
requires a long time to develop appreciable degradation. A test for some material characteristics 
such as resins for glass transition temperature, Tg, and some other materials to be tested should 
also be considered. 

The JPCA ET 08 states that “This test is designed to obtain results with higher deterioration 
acceleration. This test was originally developed to test semiconductor devices mounted in a 
package. The high temperature specified in this test may affect the life of the specimen 
considerably depending on the glass transition temperature of the resin tested and the test 
temperature. If the relationship of the acceleration factor of life between this test and the 
practical use is not clear, this test should be for the quality assurance of a product, but for a 
comparative evaluation of the product.  

 Temperature-humidity-pressure profile 4.3.2

The test profile is described based on IEC 60068-2-66 and EIAJ ED-4701/102 (high temperature 
high humidity bias test) shown in Figure 16. The profile of the HAST is basically the same as that 
of the steady-state temperature humidity test. The temperature of the test chamber is first raised 
and then the humidity is raised. At about 100 °C, the chamber is saturated with water vapour and 
air is driven out. The air valve is closed and the chamber temperature is raised to the test 
temperature and the inside pressure increases. 

When a HAST equipment is switched on not with the programmed control but with the ordinary 
steady state temperature humidity test profile, the profile of the test may be different from the 
one shown in Figure 16. 

 

Figure 16 – HAST profile 
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 Structure of and remarks on the test equipment 4.3.3
1) Structure of test equipment 

A typical structure of a HAST equipment is illustrated in Figure 17. There are two types of 
equipment: single-vessel and dual-vessel. The single-vessel type equipment has a fan for 
water vapour circulation. The speed of vapour circulation in the chamber is about 0,3 m/s, 
comparable to natural convection in the chamber. The water vapour vapourized from the bat 
placed at the bottom of the chamber is heated just before being sucked by the fan to a 
temperature higher than the surrounding water vapour and sent into the test chamber. Water 
vapour passing through the chamber is reflected at the door of the chamber and cooled while 
passing through the gap between the inner chamber and the wall of the pressurized chamber. 
Part of the vapour is condensed to water and drops to the water pan, and the water is again 
vapourized from the pan to supply the necessary water vapour. The dual-vessel type test 
equipment separates the test chamber and water vapour generation chamber to reduce 
temperature interference between the vapour generation chamber and the test chamber. 
This system does need to install the vapour circulation fan. 

 

a) Single-vessel type  b) Dual-vessel type 
Key 

1.  Door 2. Pressure gauge 3. Safety valve 

4.  Temperature sensor for moisture 5.  Heater for moisture 6. Fan 

7. Fan for air 8.  Magnetic coupling 9. Humidifying water 

10. Heater for humidifying water 11. Temperature sensor for humidifying water 12. Air exhaust valve 

Figure 17 – Two types of HAST equipment and their structures 

2) Remarks on the test equipment 
HAST is very sensitive to test conditions such as the setting accuracy of temperature and 
humidity and the cleanliness of the test chamber as it is a highly accelerated test compared 
to conventional steady-state temperature-humidity test. It is very important that the test 
condition should be reproducible to its best condition. Some cases are described below 
based on the study made by the Study Group of the Accelerated Life Test of the JIEP. 
a) Difference in failure time among different test equipment 

A study was made of test results of different materials at different test laboratories. 
Different failure times were found for different tests as shown in Figure 18. Temperature 
and humidity were in the same range and no meaningful difference could be found but the 
failure time varied considerably. The cleanliness of the test chambers and the aging of 
the chambers may be a possible reason but no specific reason was found. It is important 
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in HAST to maintain the test system in good condition, otherwise the data obtained may 
not be very reliable. 

 

Figure 18 – Difference in failure time among different test laboratories 

b) Effects of environment and of residue air of the test chamber 
The HAST test chamber has a structure such that the air valve is open until the chamber 
is filled with water vapour at close to 100 °C to drive out the remaining air until the test 
environment in the chamber is established. The air valve is closed when the inside of the 
chamber is saturated with water vapour and its temperature is further increased to the 
test temperature at a higher pressure. The environment is not necessarily pure water 
vapour as there may exist some gases resolved in water and coming from the specimens. 
An evidence of residue air in the chamber is the colour change of the specimens (boards). 
Figure 19 is an example of the study made by the Study Group of JIEP. The difference of 
colour of the boards may be caused by oxidation of the board surface in the chamber due 
to different degrees of contamination in the chamber, temperature rise speed, or different 
exhausting timing of air from the chamber. No clear correlation was found between the 
life and the colour change of the specimens. It is recommended to check the temperature 
and humidity in the chamber if they are within the predetermined range if the colouring of 
the specimens is significant. 
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Figure 19 – Colour difference of specimen surface  

among different laboratories (130 °C/85 %RH/DC 50 V) 

 Remarks on performing HAST 4.3.4
1) Selection and maintenance of voltage applying cables 

Table 9 shows materials and the heat resistance of cables in the market and used in voltage 
applying tests for high humidity tests. Cables with low hydrolysis and out-gassing are 
recommended for use in HAST environment. The surface of a cable may not be damaged 
after being used in HAST for a long time but cracks may be generated in the conductor and 
cable resistance may be increased. 
Figure 20 shows an example of change in conductor resistance of a single wire cable and the 
pulling strength of such a cable. Cable resistance does not change significantly but the pull 
strength decreased appreciably after used in a high temperature-high humidity environment. 
It is recommended to exchange cables after use of 300 h each. 
There are two types of cables, single wire cables and stranded wire cables. Degradation of 
cables may be different for these different types of cables. Cables used in HAST should be 
carefully checked. 

Table 9 – Insulation covering materials for cables for voltage application 

Type of covering material Max. temperature  
for continuous use (°C) Type Material 

Fluoroplastics 

PTFE 260 

PFA 260 

FEP 200 

ETFE 150 

Polyethylene Bridged polyethylene 90 

 

Laboratory 
Environmental test equipment maker 
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a) Conductor resistance  b) Pull strength 

Figure 20 – Resistance and pull-strength of cables used in HAST (130 °C 85 %RH) 

2) Installation of specimens in a HAST chamber 
HAST equipment is usually equipped with a propeller type fan to circulate vapour in the 
chamber to keep a constant temperature and humidity distribution, but the environment is 
not necessarily uniform in temperature and humidity. The guarantee of a constant 
temperature-humidity range by the equipment manufacturers is within over 1/10 of the inner 
walls of the chamber as illustrated in Figure 15. The presence of too many specimens or a 
specimen touching the chamber wall may disturb the temperature-humidity distribution in a 
chamber. When a specimen touches the wall, water drops may fall on the specimen or dew 
may form and disrupt the test results. 

3) Other remarks 
a) The racking material used for the specimen and the door of the chamber should be 

selected so that it does not decompose or generate free ions during the test and it should 
have sufficient heat resistance at the test temperatures. 

b) A wet bulb in a steady-state temperature-humidity test equipment is supplied in water 
through a piece of gauze called wick. The wet bulb in HAST equipment is installed in the 
water pan. If the water in the pan is contaminated, the contamination may move to the 
surface of the wet bulb and may not indicate the correct humidity in the chamber. It is 
necessary to clean the surface of a wet bulb periodically. 

c) The key difference between the HAST equipment and the steady-state 
temperature-humidity equipment is that a HAST system is a completely closed system to 
realize an environment with a temperature higher than that of the boiling point of water. 
The gas released from the specimens remains within the chamber and is not discharged 
outside of the chamber. The gas is combined (absorbed) with water and stays on the 
chamber wall. The adherence of such contaminated water to the surface of the wall may 
lead to contamination of the specimens and may give incorrect test results. It is 
necessary to clean the inside wall of a chamber after a HAST test using alcohol. 

d) An independent heating source is installed in the heating and the humidifying systems 
with a sheath heater. The humidity control heater is immersed in water and vulnerable to 
humidifying water. Use of city water from the tap may significantly reduce the life of the 
sheath heater as city water contains chlorine and calcium hydroxide. It is advised to use 
the water at the purity the manufacturer of the equipment recommends, usually distilled 
water as described in 4.7, item 2). 

e) It is recommended to perform a calibration of the control sensor of the chamber of the 
HAST equipment once a year. 

f) A specimen should be sufficiently preheated if the specimen is of a large thermal capacity 
for dew formation protection. 
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4.4 Saturated and pressurized vapour test 

 Purpose and outline of the test 4.4.1

The saturated and pressurized test is basically similar to HAST but with 100 %RH and without 
applied voltage. This test is generally called PCT (pressure cooker test). This test is mainly used 
to evaluate the corrosion of the metallic parts of a product. 

The test condition of PCT is similar to the sterilization processing condition of medical 
instruments. The corrosion test by the pressurized water vapour method started with the 
saturated type test, but this method had some problems, such as an effect of dew drops and 
reproducibility of failures found in products used in the field. The unsaturated type test is now 
widely used. 

 Test profile 4.4.2

After the temperature of the test chamber has reached the test temperature, the humidity is 
increased until the test condition is reached. Temperature and humidity are then maintained at 
the test condition. 

 Remarks on test performing 4.4.3

PCT is basically the same as HAST but with a special condition of relative humidity of 100 %. 
Below are specific remarks on PCT. 

1) Maintenance of cleanliness of the chamber 
a) PCT is performed in an environment of relatively higher humidity than HAST. The test 

chamber may be contaminated considerably as a test is made in an environment of high 
relative humidity compared to HAST; it is necessary that the chamber be thoroughly 
cleaned, including the sensor and inner wall. It is reported that after the return of the 
temperature of the chamber to room temperature, the saturation water is replaced after 
washing the chamber with the aid of a brush and two cycles of saturation operation at 
130 ° C, 100% RH, for 2 h, followed by the replacement of the saturation water to 
effectively remove the contaminants that were attached to the inner wall of the test 
chamber. 

b) When the equipment is used for both PCT and HAST, electric connecting terminals are 
vulnerable to corrosion. It is necessary to check whether the electrical connection is in 
good condition by checking the terminal connection resistance when using the equipment 
for HAST after using it for the PCT. 

2) Installation of specimens in the chamber 
Dew formation on the surface of a specimen may vary by the position of the specimen setting. 
The best specimen position may be found according to the purpose of the test. 

3) Coexistence of both saturated and unsaturated humidity control environments 
There are two types of tests, for the saturated humidity of 100 %RH (the so-called auto-clave 
state) and the dry-type (humidity is controlled at 98 %RH to 99 %RH). Both of them are 
called PCT. Both tests can be performed using the same equipment and the proper control 
system. Figure 21 shows the test results for these two conditions with an applied voltage. 
The failure time difference in these two conditions is clearly observed at nearly 100 %RH (a 
difference of about 1/10 times shorter). It is important to clarify in which condition the PCT is 
made. 
PCT was once standardized by the EIAJ (Electronic Industries Association of Japan) but was 
withdrawn as the relation between the test results and failures in the field was not clear. The 
test is still used by many at the request of users of electronic devices. PCT gives quite 
different results, as stated before, due to the condition of saturation (100%RH) or almost 
saturation. We do not have a standard for this test and no agreed test condition. Should one 
perform the PCT test, details should be agreed upon by the user and supplier concerned. 
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Key 

1. Unsaturated condition at 121 °C 

2. Almost saturation in PCT control method at 121 °C 

3. Saturated control (auto-clave) in PCT control method at 121 °C 

Figure 21 –Difference between unsaturated and saturation  
control of PCT equipment (relative humidity and average failure time) 

4.5 Dew cyclic test 

 Purpose and outline of the test 4.5.1

The dew formation test tests devices which are used in products having quite a severe field 
condition of considerable temperature changes encountered in, for example, mobile devices or 
electronic components used in automotives. Quite a temperature change may be experienced 
when a product is brought from a cold outside environment into a heated room (or vice versa) 
and dew may be formed on the surface of such equipment. A dew cycle test makes it possible to 
evaluate the accelerated insulation degradation and migration by dew formation, and is used for 
reliability evaluation of conductor patterns on printed wiring board or surface treatment. 

 Dew cycle test temperature-humidity profile 4.5.2

Table 10 shows the test condition of a typical dew cycle test and Figure 22 shows the 
temperature-humidity profile. When a specimen is exposed to high temperature, its 
environmental temperature first increases rapidly and follows the rise of the surface temperature 
of the specimen but its temperature rise is delayed. Dew forms when the surface temperature 
reaches the dew point and then the dew begins to evaporate as there is not 100%RH. The 
surface temperature of the specimen is about the same as that of the wet bulb in an environment 
around the specimen. The specimen temperature increases after the dew evaporates to the 
temperature of the environment surrounding the specimen. 

It should be noted that the temperature-humidity profile of a temperature difference of about 
20 °C should be selected as the dew cycle test may be affected if the temperature difference 
between high and low temperatures is large. 
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Table 10 – Dew cycle test condition 

Group STD no. Title 

Test condition 

 Zone 

t1 t2 t3 t4 

JPCA ET 06 Dew 
cycle test 

1 5 °C /60 %RH 
20 min 

≤ 20 s 25 °C /90 %RH 
20 min 

≤ 15 min 

2 0 °C, 25 min ≤ 20 s 30 °C /90 %RH 
25 min 

≤ 15 min 

3 –5 °C, 30 min ≤ 20 s 35 °C/90 %RH 
30 min 

≤ 30 min 

 

 

Key 

1 Dew point temperature 
2 This curve represents the test area temperature 
3 High temperature period 
4 Dew point period 
5 This curve represents the specimen surface temperature 
6 Wet-bulb temperature and dry-bulb temperature become the same temperature 
7 Drying period 
8 Low temperature period 

Figure 22 – Temperature-humidity profile of dew cycle test 

 Structure of the test equipment 4.5.3

Construction of the dew cycle test equipment is shown in Figure 23. The low temperature 
chamber and the high temperature chamber are set to the predetermined condition. A very rapid 
temperature and humidity change is given to a specimen by moving the dampers in the test 
chamber to be connected from the low temperature-low humidity chamber to the high 
temperature-high humidity chamber. Dew formation is repeated by opening and closing the 
relevant dampers. 

 Remarks on the test method 4.5.4
1) Volume of dew 

a) Temperature difference and size of dew drops 
Dew is formed in the process of temperature change of the specimen from low 
temperature to high temperature as the specimen temperature cannot follow the 
temperature change of the environment. Dew is formed at any temperature range when 
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the environment temperature changes from low to high. The size and weight of a dew 
drop are different for different environment temperatures even for the same temperature 
difference (Figure 23). 

 

Key 

1 High temperature and humidity chamber 

2 Humidifier 

3 Air conditioner 

4 Heater 

5 Blower 

6 Damper 

7 Test area 

8 Low temperature and humidity chamber 

Figure 23 – Structure of dew test equipment 
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Figure 24 – Dew-forming temperature and dew size 

b) Control of dew formation 
i) Dew formation depends on the test condition and the time to expose a specimen to 

the environment. It is the prerequisite of a test that reproducibility is attained for the 
amount and the time dew exists on a specimen. It is necessary to have a stable 
control of the environment and an accurate measurement of temperature and 
humidity. 

ii) It is very difficult to measure the amount of dew formed. It depends on the thermal 
capacity and amount of water vapour absorbed. One should be very careful in 
designing the material of the specimen and its structure. It is especially important for 
a relative comparison test of the different specimens. 

2) Other remarks 
a) The passage of cables into the test chamber should be hermetically sealed to keep the 

airtightness of the chamber as described in 4.2.4, item 3). 
b) Cables for power supply and connections to a specimen are sagged so as not to give 

mechanical stress to a specimen and also so that the dew condensation water does not 
directly drop to the specimen. 

c) Cables used in the equipment should be thermally resistive to the high temperature of the 
equipment environment. 

d) If the equipment door is opened during the experiment, the air of the high temperature 
and high humidity leaks out of the chamber and is very dangerous. If the door is opened 
right after the measurement, one may get burnt. 

e) A small specimen or a light specimen should be covered by an aluminium basket, a net or 
a bag so as not to be removed or blown away by the circulating air in the chamber. 

3) An example of dew cycle test 
There is no specified procedure to determine the best dew formation condition. One of the 
practiced procedures is described below. 
Procedure: 
a) Selection of the environmental mode of dew formation (room temperature to high 

temperature, and low temperature to room temperature). 
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b) Confirmation of dew size for the test temperature combination (low environmental 
temperature, high environmental temperature/humidity). 

c) Decide the best dew formation condition from the relation between the size of the dew 
drop and the space between the conductor pattern lines. 

4) An example of a study of the best dew formation condition 
A study of dew drop size was made with the conditions shown in Table 11 to determine dew 
formation condition that a dew drop is densely distributed without contact with two conductor 
lines in the neighbourhood of a dew drop using FR-4 printed wiring board. Figure 25 shows 
the dew formed by the best dew formation conditions. Dew drops are densely present in 
conductor spaces but do not touch the two conductor lines. Dew formation condition for this 
case is 5 °C to 25 °C at 95 %RH. 

Table 11 – Dew formation condition and dew size 

Condensation condition Water droplet size Water droplet occupation rate between conductors 

0 °C to 20 °C, 95 %RH 0,13 mm 35 % 

5 °C to 20 °C, 95 %RH 0,08 mm 20 % 

5 °C to 25 °C, 95 %RH 0,13 mm 38 % 

20 °C to 40 °C, 95 %RH 0,40 mm 95 % 

20 °C to 60 °C, 95 %RH 0,50 mm 100 % 

NOTE 1 The gap between conductors is 0,318 mm. 

NOTE 2 Water droplets cross the gap when the occupation ratio is 40 % and above. 

 

 

Figure 25 – Board surface at the best dew formation condition 

 An example of migration in the solder flux from the dew cycle test 4.5.5
1) Experiment 

Migration was tested in a comb type conductor pattern covered with solder flux at the best 
dew formation condition shown in Table 12. 

Table 12 – Dew cycle test condition 

Environmental condition 5 °C to 25 °C, 95 %RH 

Test cycle 40 cycles (about 27 h) 

Test design Comb type pattern in conformity with IPC 

Substrate material FR-4 

Flux RMA type 

Applied voltage DC 50 V 
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2) Result 
Figure 26 shows the surface of a specimen before the experiment. The insulation resistance 
was 5 × 107 Ω but decreased to 6 × 104 Ω after a test time of 27 h and migration was found 
on the surface as shown in Figure 27. 

 

Figure 26 – Surface state before test 

 

Figure 27 – Surface state after 27 h 

3) Failure analysis (including failure mechanism) 
The generation of a crack was observed by SEM observation on the surface in the residue of 
the solder flux after 27 h of the dew cycle test as shown in Figure 28. An element analysis of 
the surface revealed presence of copper, the material of the conductor along the flux residue 
as shown in Figure 29. It is considered that the copper migration is the source of the 
insulation degradation. The failure mechanism elucidated from this study seems to be that 
the flux residue was cracked and water entered into the crack, causing copper ion migration 
and resulted in insulation failure in a short time. No such insulation degradation was 
observed when a similar specimen was left in an environment of 40 °C/95 %RH for 2 000 h, 
and no crack in the residue was observed. 

 

Figure 28 – SEM image of specimen surface after the test 
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Figure 29 – Element analysis of the surface after the test 

4.6 Simplified ion migration tests 

 General 4.6.1

Sophisticated equipment is needed, in general, for migration tests as heating and humidifying of 
the test chamber environment is necessary, and a somewhat long time is required. There are 
two preliminary simplified test methods for a humidifying evaluation. These kinds of tests may be 
made as a preliminary test to evaluate test conditions before performing a real evaluation test of 
conductor materials, insulation materials, or covering materials such as solder resist. One is the 
de-ionized water drop test and the other is the diluted solution test. 

 De-ionized water drop method 4.6.2

This test method consists in dropping de-ionized water drops of very high insulation resistance 
to a facing pair of electrodes and in measuring the insulation resistance between these 
electrodes. 

1) Measurement 
The circuit diagram of the de-ionized water drop test is shown in Figure 30. 
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Key 

1  Top view 
2  Electrode 
3 Substrate 
4  Side view 
5  To power supply 
6  Water drop 
7  Ammeter 
8  Voltmeter 
9  Power supply 

Figure 30 – Circuit diagram of water drop test 

2) Specimen 
The specimen is a printed wiring board with a conductor pattern on it. A gap is formed 
between the conductors. L'équipement sophistiqué est nécessaire, en général, pour les 
essais de migration. Selection of the specimen type is based on the material of the specimen. 
Either type of gap may be selected. 

3) Test procedure 

a) Prepare de-ionized water of resistivity greater than 106 Ω cm. 
b) Drop water drops to cover the conductor gap using a pipette. 
c) Connect the electrodes to a power source and apply a specified voltage for a specified 

time. Measure the current through the conductors. 
d) The specimen is water-cleaned and dried. Observe the appearance of the gap. An 

example of migration is shown in Figure 31. Comparison of the gap condition and the 
leaking current is used for the evaluation of the degree of insulation between the gap. 

 

Figure 31 – Migration generated in the water drop test 

4) Remarks 
De-ionized water is highly purified water with a high resistivity. If left in the air, the de-ionized 
water may absorb CO2 gas in the air and other water-soluble board contaminating 
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substances, and may decrease insulation resistance between the conductors. 
Measurements should be made in a short time and new water drops should be used for each 
measurement. 

 Diluted solution method 4.6.3

This method uses water with a very small amount of ionic salt in which a specimen is immersed 
and a voltage is applied between conductors. Current flows between conductors and the degree 
of migration may be evaluated. 

1) Measurement 
The test diagram is shown in Figure 32 and is similar to the electroerosion test. The 
specimen is immersed in a diluted ionic salt solution. 

 

Key 

1  Top view 

2  Side view 

3  Electrode 

4  Insulating coat 

5  Weak electrolytic solution 

6  Substrate 

7  Ammeter 

8  Voltmeter 

9  Power supply 

Figure 32 – Electroerosion test method using the diluted solution 

2) Specimen 
A comb type pattern is formed on an insulating board as shown in the upper illustration of 
Figure 32. Leads are soldered or welded to the electrodes and the leads and 
interconnections are covered by insulating resin so that the conductor and leads are not in 
contact with the diluted solution. 

3) Procedure 
a) Prepare a (10–6 to 10–7) mol/l HCl solution of specified refined salt. 
b) The specimen is immersed in a vessel with the solution and the specimen is connected to 

a power supply. 
c) Apply a specified voltage to the specimen and measure the current. Stop the test when 

the current has reached a specified value. 
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d) The specimen is water cleaned and dried, and then the conductor gap is observed. 
4) Example of a test result 

Described here is an analysis of the diluted solution test. It is a preliminary and simplified test 
performed prior to an impurity ion migration analysis in the printed wiring board. Figure 33 
shows current-time correlations for different concentrations of HCl solution. The time to start 
the current is longer for a low concentration of the salt. The proper concentration was 
decided to be around (10–6 to 10–7) mol/l HCl solution. The observation of precipitation on 
the specimen at 50 mA is shown in Figure 34, a similar pattern to the migration pattern. It was 
decided that a preliminary test can be made using this method. 

 

Figure 33 – Current and concentration of electrolytic solution 

  

a) Precipitation on a board b) Analysis of precipitation copper (Cu) 

Figure 34 – Precipitation on a specimen and its element analysis 

4.7 Items to be noted in migration tests 
1) Capability standard of steady-state temperature-humidity test equipment 

IEC 60068-3-5 specifies the equipment for the steady-state temperature test and 
IEC 60068-3-6 for the steady-state humidity test. The Japan Testing Machinery Association 
(JTM) specifically described the capability test method and physical method to describe the 
performance of the temperature test chamber based on JTM K 07. 
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2) Water used in the test 
The water used in the humidity resistance test is specified for its type, resistivity and 
dielectric constant as given in Table 13. De-ionized water is to be used in general. 

Table 13 – Water quality for test 

Standards organization Standard number Water quality 

EIAJ ED-4701/100 
– distilled or de-ionized water 

– pH 6,0 to 7,2 at 23 °C, resistivity of more than 500 Ωm 

IEC 

IEC 60068-2-78 – resistivity of more than 0,05 MΩm 

IEC 60068-2-66 
– distilled or de-ionized water 

– pH 6,0 to 7,2 at 23 °C,resistivity of more than 0,5 MΩcm  
(conductivity less than 2 µs/m) 

JEDEC JESD22-A101 
– de-ionized water 

– resistivity of more than 1 MΩm at room temperature 

IPC IPC-TM-650 
– distilled or de-ionized water 

– resistivity of more than 2 MΩcm 

 

The important issue to be taken into consideration is the quality of the deionized water used in 
testing (concentration of ionic impurities). Table 14 shows the result of a study of ionic impurities 
checked by ion chromatography in water taken from various sources. Ionic impurity in water is in 
the following order: 1) tap water, 2) pure water, 3) ultrapure water. Ordinary pure water may be 
contaminated when it is kept in a reserve tank and may be more contaminated than tap water if 
it is left in room environment. The pure water used in the test should be introduced to the test 
chamber directly from the source to keep the time water is left in the room environment as short 
as possible. 

It is possible to reduce contamination by cleaning the water pan in the test chamber and avoid 
damages to the heater caused by accumulated contamination. Do not use contaminated water 
and regularly clean the water pan. 

Table 14 – Water quality change in steady-state temperature-humidity test (10–6) 

Ion chromatograph analysis sample 
Cation Anion 

Na+ NH4
+ K+ Cl- SO4

2- 

Water quality 

Ultrapure water 0,1 0,1 – 0,3 0,3 

Pure water 

Immediately after 
extraction 

4,6 1,2 1,1 8,4 5,7 

leaving in room 
(after a week) 

51,4 203,4 31,3 58,2 5,7 

Tap water 12,0 – 1,8 10,3 – 

Water quality 
change in 
moisture test 

In tank 7,4 31,0 5,5 14,0 11,7 

In humidification 
water reservoir 

Before cleaning 212,0 369,0 159,0 889,0 1 190,0 

After cleaning 14,0 206,0 8,0 86,0 110,0 

 

3) Other components used in the humidifying test: 
a) Types of jigs used to install specimens in steady-state temperature-humidity and HAST 

test chambers 
The main fastening and test voltage applying jigs available in the market for the test are 
given in Table 15. PTFE (Polytetrafluorothylene) or resin material with equivalent heat 
resistance is used for the portion which fixes a specimen and serves as a specimen 
plug-in jig. Some special remarks on the jigs are given below. 
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i) Select a material which has higher thermal resistance and does not generate outgas 
so as not to affect the test result. 

ii) Use metal parts which are resistive to erosion such as SUS (steel use stainless). 
iii) It is difficult to use the specimen holding jig in both the steady-state 

temperature-humidity test and HAST test environments, because the test conditions 
such as test temperature, vapour pressure, the capacity of test chamber and the 
temperature rising profile at the time of the test start are different between the 
steady-state temperature-humidity test and the HAST test. It is important to select 
the most suitable specimen holding jig in accord with the test condition. 

b) Ionic impurity concentration of the voltage applying cable used in a test chamber 
The insulation cover of the cable used for voltage application to a specimen should have 
heat resistivity higher than the test temperature, and the covering material should be of 
the lowest possible ionic impurity (free ions) concentration. Ammonium ions for cation, 
and chlorine and sulfuric ions for anions are considered to be related to migration. Cover 
tubes and resin covers used for terminals should also be of low ionic impurity 
concentration. Table 15 shows the ionic impurity concentration found in voltage 
application cables available in the market. 

Table 15 – Ionic impurities in voltage applying cables (10–6) 

 NH4
+ Cl- SO4

2- 

ETFE 0,07 0,45 0,20 

Cross-linked polyethylene 0,85 0,77 0,42 

Polytetrafluorothylene coating 0,14 0,93 0,08 

Heat shrinkage tube 1,79 2,53 1,60 

Terminal cover 0,28 1,91 0,21 

 

4) Specimen installation in a test chamber 
The direction of a specimen in a test chamber may not have significant effect. Convection in 
the chamber (dual-vessel type system) is caused by natural flow of air and vapour. However, 
a forced convection system (single-vessel type system) may influence the test results due to 
the direction in which a specimen is installed in the chamber. A specimen should be installed 
in a chamber as shown in Figure 14 so that the convection flow does not hit the specimen 
directly and prevents dew formation on the specimen's surface. Enough space should be left 
between the chamber wall and the specimen. The specimen should be parallel to the 
convection flow direction to not interfere with the flow. 
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