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European foreword 

The text of document 91/1248/FDIS, future edition 1 of IEC 62878-1-1, prepared by 
IEC/TC 91 "Electronics assembly technology" was submitted to the IEC-CENELEC parallel vote and 
approved by CENELEC as EN 62878-1-1:2015. 
 
The following dates are fixed: 

• latest date by which the document has to be 
implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2016-03-24 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2018-06-24 

 
Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 

Endorsement notice 

The text of the International Standard IEC 62878-1-1:2015 was approved by CENELEC as a 
European Standard without any modification. 

In the official version, for Bibliography, the following notes have to be added for the standards indicated: 
 

IEC 60068-1 NOTE Harmonized as EN 60068-1. 

IEC 60068-2-6 NOTE Harmonized as EN 60068-2-6. 

IEC 60068-2-14 NOTE Harmonized as EN 60068-2-14. 

IEC 60068-2-20 NOTE Harmonized as EN 60068-2-20. 

IEC 60068-2-21 NOTE Harmonized as EN 60068-2-21. 

IEC 60068-2-30 NOTE Harmonized as EN 60068-2-30. 

IEC 60068-2-38 NOTE Harmonized as EN 60068-2-38. 

IEC 60068-2-53 NOTE Harmonized as EN 60068-2-53. 

IEC 60068-2-58 NOTE Harmonized as EN 60068-2-58. 

IEC 60068-2-64 NOTE Harmonized as EN 60068-2-64. 

IEC 60068-2-66 NOTE Harmonized as EN 60068-2-66. 

IEC 60068-2-78 NOTE Harmonized as EN 60068-2-78. 

IEC 60068-2-80 NOTE Harmonized as EN 60068-2-80. 

IEC 61189-1 NOTE Harmonized as EN 61189-1. 

IEC 61189-2 NOTE Harmonized as EN 61189-2. 

IEC 61189-11 NOTE Harmonized as EN 61189-11. 

IEC 61190-1-2 NOTE Harmonized as EN 61190-1-2. 

IEC 61190-1-3 NOTE Harmonized as EN 61190-1-3. 

IEC 62137-1-2 NOTE Harmonized as EN 62137-1-2. 

IEC 62137-1-3 NOTE Harmonized as EN 62137-1-3. 

IEC 62421 NOTE Harmonized as EN 62421. 

ISO 291 NOTE Harmonized as EN ISO 291. 
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ISO 2409 NOTE Harmonized as EN ISO 2409. 

ISO 3611 NOTE Harmonized as EN ISO 3611. 

ISO 4957 NOTE Harmonized as EN ISO 4957. 

ISO 9445-1 NOTE Harmonized as EN ISO 9445-1. 

ISO 9453 NOTE Harmonized as EN ISO 9453. 

ISO 9455 Series NOTE Harmonized as EN ISO 9455 Series. 

ISO 15184 NOTE Harmonized as EN ISO 15184. 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 
 
The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 
 
NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant 
EN/HD applies. 
 
NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here: 
www.cenelec.eu 
 
Publication Year Title EN/HD Year 
     

IEC 60068-2-1 -   Environmental testing -  
Part 2-1: Tests - Test A: Cold 

EN 60068-2-1 -   

IEC 60068-2-2 -   Environmental testing -  
Part 2-2: Tests - Test B: Dry heat 

EN 60068-2-2 -   

IEC 60194 -   Printed board design, manufacture  
and assembly - Terms and definitions 

EN 60194 -   

IEC 61189-3 -   Test methods for electrical materials, 
printed boards and other interconnection 
structures and assemblies -  
Part 3: Test methods for interconnection 
structures (printed boards) 

EN 61189-3 -   

IEC/TS 62878-2-4 2015  Device embedded substrate -  
Part 2-4: Guidelines - Test element groups 
(TEG) 

- -  
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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
DEVICE EMBEDDED SUBSTRATE –  

 
Part 1-1: Generic specification – Test methods 

 
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. 

International Standard IEC 62878-1-1 has been prepared by IEC technical committee 91: 
Electronics assembly technology. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

91/1248/FDIS 91/1260/RVD 

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

A list of all parts in the IEC 62878, published under the general title Device embedded 
substrate, can be found on the IEC website. 

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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DEVICE EMBEDDED SUBSTRATE –  
 

Part 1-1: Generic specification – Test methods 
 
 
 

1 Scope 

This part of IEC 62878 specifies the test methods of passive and active device embedded 
substrates. The basic test methods of printed wiring substrate materials and substrates 
themselves are specified in IEC 61189-3. 

This part of IEC 62878 is applicable to device embedded substrates fabricated by use of 
organic base material, which include for example active or passive devices, discrete 
components formed in the fabrication process of electronic wiring board, and sheet formed 
components.  

The IEC 62878 series neither applies to the re-distribution layer (RDL) nor to the electronic 
modules defined as an M-type business model in IEC 62421. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60068-2-1, Environmental testing – Part 2-1: Tests – Test A: Cold 

IEC 60068-2-2, Environmental testing – Part 2-2: Tests – Test B: Dry heat 

IEC 60194, Printed board design, manufacture and assembly – Terms and definitions 

IEC 61189-3, Test methods for electrical materials, printed boards and other interconnection 
structures and assemblies – Part 3: Test methods for interconnection structures (printed 
boards) 

IEC TS 62878-2-4:2015, Device embedded substrate – Part 2-4 – Guidelines – Test element 
groups (TEG) 

3 Terms, definitions and abbreviations 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60194 apply. 

3.2 Abbreviations 

AABUS as agreed between user and supplier 

AOI automated optical inspection 

LSI large scale integration 
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4 Test methods 

4.1 General 

This clause is given for guidance only. The test shall be carried out at the standard air 
conditions (or simply stated as standard environment): 

Temperature Relative humidity Atmospheric pressure 

15°C to 35°C 25 % to 75 % 86 kPa to 106 kPa 

4.2 Visual inspection and micro-sectioning 

4.2.1 General 

Visual inspection and micro-sectioning of multi-layer printed wiring boards are specified in 
4.2.2 and 4.2.3. 

4.2.2 Visual inspection 

Visual inspection consists of checking the appearance, finish, and pattern of specimens using 
the naked eye or a magnifying glass in reference to its individual specification. The test result 
shall be as agreed between user and supplier (hereafter referred as AABUS). 

4.2.3 Micro-sectioning 

Micro-sectioning is to check the state, appearance, and dimensions according to individual 
specifications of the plated through hole, the via in the build-up layer, the conductor, the 
interlayer distance, the conductor distance, and the connections to the embedded device. The 
specimen is mounted in epoxy or polyester resin and the specimen is cross-sectioned and 
polished for observation. The evaluation of the results shall be AABUS. The equipment, 
material, specimen and test are specified in a) to d). 

a) Equipment 
An industrial microscope capable of measuring plated film thicknesses with an accuracy of 
0,001 mm. 

b) Material 
Materials used in this test are releasing agent, moulding resin, polishing cloth or paper 
(#180, #400, #1 000, etc.) with the option to use polishing materials (alumina or chromium 
oxide). 

c) Specimen 
A specimen is cut from the product to an appropriate size sufficient for observation and 
mounted in moulding resin. The cut surface is then polished with polishing cloth/paper 
starting from coarse to fine using a rotating felt surface and the above mentioned polishing 
material. The polishing face shall be within an angle of 85° to 95° to the layer to be 
observed. The diameter of the plated film of the through hole and of the vias in the build-
up layer observed by micro-sectioning shall be no less than 90 % of the previously 
observed hole diameter. Etch the specimen if the boundary of the plating needs to be 
clarified after polishing. 

d) Test 
The test consists of observing the items specified in the individual specifications by means 
of a microscope of specified magnification. Figure 1 illustrates the test items for the 
through hole to check the micro-sectioned faces, and Figure 2 for the build-up structure 
and embedded devices. Table 1 gives the characteristics and observation items of the test. 
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Key 

A Conductor width F Conductor plated film thickness 

B Conductor gap G Thickness of copper foil 

C Insulation layer thickness H Conductor thickness 

D Hole diameter I Boundary of plated film 

E Plated film thickness of through hole J Internal circuit 

Figure 1 – Measuring items of the micro-sectioned through hole structure 

 

Key 

A Distance between conductor and embedded device 

B Device embedding layer 

Figure 2 – Measuring items of the micro-sectioned device  
embedded board with build-up structure 

Table 1 – Test items, characteristics and observations  
of micro-sectioned specimens 

No Test item Characteristics and observation 

1 Conductor width  
(inner layer , outer layer) 

– Upper conductor width 
– Lower conductor width 
– Etch factor 

2 Conductor gap (inner layer, outer layer) – Minimum conductor gap 

3 Insulation layer thickness/conductor gap 

– Minimum insulation layer/minimum conductor gap 
– Delamination 
– Measling 
– Crazing 

4 Hole diameter and land width 
– Hole diameter 
– Land width 

IEC 

A

B

IEC 

A B

C

C

D

E
F

G

HII J
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No Test item Characteristics and observation 

5 Plated film thickness of the through hole 

– Plated film thickness of the through hole 
– Plated film thickness of the via in the build-up layer 

(conformal via) 
– Corner crack 
– Barrel crack 
– Foil crack 

6 Film thickness of the plated conductor – Film thickness of the plated conductor 

7 Copper foil thickness – Copper foil thickness 

8 Conductor thickness – Total conductor thickness(copper foil and film thickness 
of the plated conductor) 

9 Distance between conductor and 
embedded device – Distance between conductor and embedded device 

10 Thickness of the device embedding layer 

– Thickness of the device embedding layer 
– Delamination 
– Measling 
– Crazing 

 

4.2.4 Lack of conductor and residue of conductor 

In order to measure lack and residue of conductor, a) and b) apply: 

a) Equipment 
An industrial microscope with an accuracy of at least 0,001 mm. 

b) Measurement 
Measure the lack of conductor and residue of the conductor in the vertical and horizontal 
directions at the insulating area. 

4.2.5 Land dimension and land width (annular ring) 

4.2.5.1 Component insertion land and through hole land 

In order to measure component insertion land and through hole land, a) and b) apply: 

a) Equipment 
An industrial microscope with an accuracy of at least 0,001 mm. 

b) Measurement 
1) Measure the land dimension d1 to d4 as illustrated in Figure 3. 

2) Measure the left outer land width w1 to w4 as illustrated in Figure 3 by micro-sectioning 
of the distance between the hall edge and not including the plated film and land edge 
to better than 0,001 mm. 
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a) Non-plated hole b) Plated hole 

Key 

A Non-plated hole 

B Plated hole 

C Via in the build-up layer with the form of conformal via 

d1 to d4 Maximum dimension of land 

w1 to w4  Width of lands in outer layer 

w5, w6 Width of lands in inter layer 

Figure 3 – Measurement of land dimension 

4.2.5.2 Via (including interstitial via hole and via in the build-up layer) 

In order to measure the via, a) and b) apply: 

a) Equipment 
Industrial microscope with an accuracy of at least 0,001 mm. 

b) Measurement 
1) Measure the land dimension d1 to d4 as illustrated in Figure 4. 

2) It is not necessary to measure the land dimension w1 to w4 as shown in Figure 4 
unless there is a problem with the electrical connection. The measurement can be 
carried out upon agreement between user and supplier and by means of micro-
sectioning to better than 0,001 mm of the maximum dimension. 

 

IEC 

C

d1
d3

d2
d4

w1

w2

w3

w4

w5

w6

A

A

A

A

B

B
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a) Conformal via b) Filled via 

Key 

A Insulation layer 

d1 to d4 Maximum land dimension 

w1 to w4 Land edge width 

Figure 4 – Build-up land measurement 

4.2.5.3 Coplanarity  

4.2.5.3.1 Bend 

In order to measure the bend, a) and b) apply. 

a) Equipment 
A gap gauge or a height gauge with an accuracy of 0,1 mm or better shall be used. 

b) Measurement 
Place a device embedded board on a precision plate with the protruded side up and then 
measure the maximum gap between the base and specimen to an accuracy of 0,1 mm to 
find the bend. 

4.2.5.3.2 Twist 

In order to measure the twist, a) and b) apply 

a) Equipment 
A gap gauge or a height gauge with an accuracy of 0,1 mm or better shall be used. 

b) Measurement 
Place a device embedded board on a precision plate with the protruded side up with three 
corners of the specimen touched to the plate and measure the distance between the plate 
and the untouched corner of the specimen to an accuracy of 0,1 mm. 

4.2.5.3.3 Test method 

Table 2 gives the test method for coplanarity around the land pattern. 

Table 2 – Test method for coplanarity around the land pattern 

Item Criteria Test method 

Effect on embedded device AABUS Use TEG in-place of an embedded device 

A test for terminal connections of embedded devices is under 
consideration. 

IEC 

A

d1

w1

d2

w2

d3

w3

d4

w4
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4.3 Electrical tests 

4.3.1 Conductor resistance 

In order to check conductor resistance, a) to d) apply: 

a) Equipment 
Voltage drop method (four-terminal method) or equivalent. The measuring signal (voltage 
or current) shall be DC or AC. 

b) Specimen 
The specimen is the specified section of the test pattern or the complex test pattern of a 
device embedded board illustrated in IEC TS 62878-2-4:2015, Figures 1 to 27. 

c) Pre-treatment 
Pre-treatment shall be either 1) or 2), depending on the individual specifications. 

1) Leave a specimen in the standard environment for 24 h ± 4 h. 

2) Leave a specimen in a bath of 85 °C ± 2 °C for 4 h and then in the standard 
environment for 24 h ± 4 h. 

d) Test 

The measurement shall be carried out as illustrated in Figure 5 to an accuracy of ± 5 %. 
Ensure that effects of probe contacting and heating due to measuring current are avoided. 
The specimen includes the connection between an embedded device and terminals, a 
conductor including through hole and a via in the build-up layer. 
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a) Conductor resistance measurement b) Through hole resistance measurement 

 

 

c) Resistance measurement of via in the  
build-up layer 

d) Resistance measurement of via in the inner 
conductor layer 

   

e) Resistance measurement for connection  
of embedded device 

 

Key 

A Current terminal C TEG 

B Voltage terminal D Connection actually used 

Figure 5 – Conductor resistance measurement 

4.3.2 Through hole and build-up via 

In order to check through hole and build-up via, a) to d) apply: 

a) Equipment  
The equipment shall be in accordance with 4.3.1 a). 

b) Specimen 
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Specimen is the specified section of the test pattern or of the complex test pattern of a 
device embedded board illustrated in Figures 1 to 27 of IEC TS 62878-2-4:2015. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 

Measurement shall be made as illustrated in Figure 5 to an accuracy of ± 5 % with an 
effort to avoid effects of probe contacting and heating due to measuring current. 

Table 3 gives the characteristics and test method for conductor resistance. 

Table 3 – Characteristics and test methods for conductor resistance 

Item Characteristics Test method 

Connection to embedded device/Pad 
connection/Via connection 

AABUS As indicated in 4.3.2, plated through hole and via in 
the build-up layer. Use TEG for embedded device. 

 

4.3.3 Withstanding current of embedded device connection 

In order to measure withstanding current of embedded device connection, a) to d) apply: 

a) Equipment 
A DC or AC power supply capable of giving the test current specified in Table 4 and an 
ammeter. The equipment shall be a DC or AC power supply capable of giving the test 
current specified in 4.3.2 a) and an ammeter. 

b) Specimen 
The specimen shall be the terminals of the TEG and the specified part of the complex test 
pattern (Figures 1 to 28 in IEC TS 62878-2-4:2015). A zero ohm jumper resistor is 
recommended for the TEG for an embedded device. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
Check any abnormality after supplying a current contact terminal of TEG and pad on the 
board with a specified current given its individual specification for 30 s. Test current for a 
given hole diameter is given in Table 5. 

Table 4 shows the withstanding current characteristics and test methods. 
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Table 4 – Withstanding current and test methods 

Item Characteristics Test method 

Conductor Withstanding current 
characteristics shall be AABUS. 

The relationship between 
current and conductor width, 
conductor thickness and 
temperature rise is shown in 
Figure 6. 

As per 4.3.2 withstanding current for through hole and 
via in the build-up layers. 

As per 4.3.3 withstanding current of conductor. Shape 
and dimension of specimen shall be AABUS. 

Through hole and 
via in the build-up 
layer 

 As per 4.3.3 withstanding current of conductor. Shape 
and dimension of specimen shall be AABUS. 

Embedded device  

– Pad connection 

– Via connection 

 As per 4.3.3 withstanding current of embedding device 
connection. Use the TEG for embedded device. Internal 
resistance of the TEG shall be less than 50 mΩ. The test 
current shall not exceed the rated current shown below. 

Rated current is for steady state loading of 30 s. 

The maximum overload current is defined for 2 s. 

 Type Rated current  
70 °C, A 

Maximum overload 
current, A 

 

 0402 ― ―  

 0603 0,5 1,0  

 1005 1,0 2,0  

 1608 1,0 2,0  
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a) Conductor thickness is 18 µm b) Conductor thickness is 35 µm 

  

c) Conductor thickness is 70 µm d) Conductor thickness is 105 µm 

X current (A) 

Y conductor width (mm) 

Figure 6 – Relationship between current, conductor width 
and thickness and temperature rise 

4.3.4 Withstanding voltage in embedded boards 

4.3.4.1 General 

Withstanding voltages of conductor, plated through hole and via in the build-up layers, inner 
connection and connection to the embedded device shall be measured according to each 
individual specification. This test shall be made only when the test of withstanding voltage is 
required. 

4.3.4.2 Withstanding voltage of inner layers in embedded boards 

In order to measure withstanding voltage of inner layer in embedded boards, a) to d) apply: 

a) Equipment 
The equipment shall be in accordance with 4.3.2.a). 

b) Specimen 
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The specimen shall be manufactured to fit the connection terminal of the TEG in the 
device embedding board or the pad of complex test pattern (see Figures 1 to 27 in 
IEC TS 62878-2-4:2015). A specimen suffering from mechanical damage, flashover, 
sparkover or breakdown shall not be used in further tests. 

c) Pre-treatment 
Pre-treatment shall be as described in 4.3.1 c). 

d) Test 
The test shall be as described in 4.3.1 d). 

4.3.4.3 Withstanding voltage of embedded device connection 

Items a) to d) apply: 

a) Equipment 
The equipment shall be in accordance with 4.3.1 a). 

b) Specimen 
The specimen shall be a specified part of the TEG in a device embedding board or 
complex test pattern (Figures 1 to 27 of IEC TS 62878-2-4:2015). It is recommended to 
use a zero ohm jumper resistor for the TEG. A specimen suffering from mechanical 
damage, flush over, spark over or breakdown shall not be used in further tests. 

c) Pre-treatment 
Pre-treatment shall be as described in 4.3.1 c). 

d) Test 
The test shall be as described in 4.3.1 d). 

Table 5 shows the test methods for withstanding voltage. 

Table 5 – Withstanding voltage and test methods 

Item Characteristics Test 

Interlayer There should be no abnormality 
such as mechanical damage, 
flush-over or insulation 
damage. 

As stated in 4.3.4.2, interlayer surge voltage. The test voltage 
is given below. 

 Interlayer distance x 
mm 

Test voltage 
V 

 

 0,02 ≦ x < 0,05 100  

 0,05 ≦ x < 0,08 250  

 0,08 ≦ x < 0,20 500  

 0,20 ≦ x 1 000  

 

Connection to 
embedded 
device 

There should be no abnormality 
such as mechanical damage, 
flush-over or insulation 
damage. 

As stated in 4.3.4.3, withstanding voltage for embedded 
device. 

Use the TEG for embedded device. 

The internal resistance of the TEG shall be less than 50 mΩ. 
Test below the isolation voltage of the TEG. 

 
Type 

Isolation voltage 
(effective value of  

Vdc or Vac) 

 

 0402 ―  

 0603 30  

 1005 100  

 1608 100  
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4.3.5 Insulation resistance 

4.3.5.1 General 

The insulation resistance shall be measured between the terminals of the conductor the 
embedded device based on individual specifications. 

4.3.5.2 Insulation resistance of the inner layer 

In order to measure insulation resistance of the inner layer, a) to d) apply: 

a) Equipment 

An insulation resistance tester capable of measuring values greater than 1010 Ω. 
b) Specimen 

The specimen shall be a specified part of a device embedding board, test pattern or 
complex test pattern (Figures 1 to 27 of IEC TS 62878-2-4:2015) including connection to 
embedded device. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.4.2 c). 

d) Test 

Apply a DC voltage of 10 V ± 1 V, 50 V ± 5 V, 100 V ± 10 V or 500 V ± 50 V depending on 
the individual specification for 1 min and then measure the insulation resistance while 
applying the voltage. 

4.3.5.3 Insulation resistance between inner layers 

In order to measure insulation resistance between inner layers, a) to d) apply: 

a) Equipment 
Equipment shall be in accordance with 4.3.1 a). 

b) Specimen 
The specimen shall be a specified part of a device embedding board, test pattern or a 
complex test pattern (Figures 1 to 27 of IEC TS 62878-2-4:2015) including connection to 
embedded device. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
The test shall be in accordance with 4.3.1 d). 

4.3.5.4 Insulation resistance between embedded terminals 

In order to measure insulation resistance between embedded terminals, a) to d) apply: 

a) Equipment 
The equipment shall be in accordance with 4.3.4.3 a). 

b) Specimen 
The specimen shall be a specified part of a device embedding board, test pattern or a 
complex test pattern (Figures 1 to 27 in IEC TS 62878-2-4:2015) including connection to 
embedded device. It is recommended to use a zero ohm jumper resistor for TEG. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 

BS EN 62878-1-1:2015



 – 20 – IEC 62878-1-1:2015 © IEC 2015 

The test shall be in accordance with 4.3.1 d). 

Table 6 shows evaluation items of insulation resistance, characteristics and test methods. 

Table 6 – Criteria and test methods for insulation resistance 

Item Criteria Test 

Interlayer Normal Resistance shall be larger than: As per 4.3.5.3 interlayer insulation 
resistance. Test voltage shall be: 

 Minimum 
insulator 

thickness x 
mm 

Resistance 
 

Ω 

  Minimum 
insulation layer 

thickness x 
mm 

Test voltage 
 

V 

 

 0,02 ≦ x < 0,05 5 × 109   0,03 ≦ x < 0,05 10  

 0,05 ≦ x < 0,13 1 × 1010   0,05 ≦ x < 0,08 50  

 0,13 ≦ x 5 × 1010   0,08 ≦ x < 0,20 100  

     0,20 ≦ x 500  

  

Between 
embedded 
device 
terminals 

Normal Resistance  shall be larger than: As stated in 4.3.5.4 insulation resistance 
between terminals of embedded device. 
Use TEG. Internal resistance of the TEG 
shall be less than 50 mΩ. When using a 
resistor, the guaranteed insulation 
resistance shall be 109 Ω. 

 Minimum 
distance 
between 

insulation 
terminal or 

pads x 
mm 

Resistance 
 

Ω 

 

 0,02 ≦ x < 0,05 5 × 108  

 0,05 ≦ x < 0,13 1 × 109  

 0,13 ≦ x  5 × 109  

 

 

4.3.6 Conduction and insulation of circuit 

This test has been developed to verify the insulation of points not electrically connected to a 
specified conductor pattern and not connected to a device embedding board by the board 
specification (test data by CAD/CAM and individual specification), and electrical connection to 
specified connecting positions of the conductor pattern. It is recommended to use this test for 
the actual device embedding board. 

4.4 Mechanical tests 

This test has been developed to verify the mechanical strength of a device embedding board 
by the board specification (test data by CAD/CAM and individual specification) of the 
conductor, the land of a hole without plating, a plated through hole, pad of land pattern, solder 
resist and symbol mark by applying a specified mechanical load. 

4.4.1 Pulling strength of conductor 
a) Equipment 

Pulling test machine capable of keeping a cross head speed of 50 mm/min.  Accuracy of 
measurement within the effective measuring range shall be  ± 1 % of indication and for the 
pulling load range of 15 % to 85 %. Use a jig which can keep the pulling direction of 90° to 
the specimen surface when a conductor film is pulled from the specimen.  

b) Specimen 

BS EN 62878-1-1:2015



IEC 62878-1-1:2015 © IEC 2015 – 21 – 

The specimen shall be a board having an appropriate length and conductor with a 
constant width (Figures 1 to 27 in IEC TS 62878-2-4:2015). Use of a specimen with 
conductor narrower than 0,8 mm shall be AABUS. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
The test is made under the standard test environment. A specimen with the conductor 
pulled off about 10 mm from the base is fastened to the holding jig of the equipment. Hold 
the end of the pulled conductor film and pull the conductor for more than 25 mm with a 
speed of 50 mm/min. 

Table 7 shows the pulling strength of conductor and test method. 

 
Table 7 – Characteristics and test method of pulling strength of conductor 

Item Characteristics Test method 

Pulling strength of 
conductor 

Pulling strength of conductor shall be AABUS. 

N/mm 

Item 

IEC 61249-2-7 (FR-4)  

Copper foil thickness: 
18 µm 

Width of pattern: 0,8 mm 

Specification 
(for reference) 

General: ≧ 0,98 N/mm 

Halogen free: ≧ 80 N/mm 

Note: General material may contain halogen (to be 
stated as general). 

Test method, shape and size 
shall be AABUS. 

 

4.4.2 Pulling strength of un-plated through hole 
a) Equipment 

Equipment shall be in accordance with 4.4.1 a). 
b) Specimen 

The specimen is a board pre-soldered for 3 s in a soldering bath for an independent round 
land shown in Figures 1 to 27 of IEC TS 62878-2-4:2015 and land, hole and lead 
dimensions as shown in Table 8. Solder to be used shall be AABUS. The use of 
dimensions other than stated in Table 8 shall also be AABUS. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
Insert a lead wire into a hole of the specimen. Do not bend the end of the wire, but extrude 
a little to the back of the board and solder in 3 s to 5 s, touching only the wire not the land 
directly, using a soldering iron with a tip diameter of 5 mm ± 0,1 mm.  

The temperature of the tip of the soldering iron is 270 °C ± 10 °C. Leave the specimen for 
more than 30 min at room temperature to cool. Pull the wire vertically using a pulling test 
machine at a pulling speed of 50 mm/min and measure the force to pull off the land from the 
board. Repeat the test if the wire itself is pulled off or broken. 

The repeat soldering test may be performed by using a specimen whose soldered wire is 
removed using a soldering iron as stated in a) and where a new lead wire is soldered to the 
land. Repeat the unsoldering and soldering of the wire for the number of times given in the 
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individual specification. Cool down the specimen for each soldering for more than 30 min at 
room temperature.   

Pull the wire vertically using a pulling test machine at a pulling speed of 50 mm/min and 
measure the force necessary to pull the land from the board. Repeat the test if the wire itself 
is pulled off or broken. 

Table 8 – Dimensions of land, hole and conductor 

Land (mm) 2,0 4,0 

Hole diameter (mm) 0,8 1,3 

Lead diameter (mm) 0,6 to 0,7 0,9 to 1,0 

 

4.4.3 Pulling strength of plated through hole 
a) Equipment 

Equipment shall be in accordance with 4.4.1 a). 
b) Specimen 

The specimen is an independent pad of land pattern with no lead wire attached to the pad. 
Size of a pad and lead wire shall be AABUS. 
The lead wire shall be soldered to the land within 3 s using the equipment described in 
4.4.2 a). Solder to be used shall be AABUS. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
The test shall be in accordance with 4.4.2 d). 

Table 9 shows characteristics and test methods of pulling strength of plated through hole. 

Table 9 – Characteristics and test methods of pulling strength of plated through hole 

Item Characteristics  Test method 

Pulling  
strength of 
plated through 
hole 

 
Pulling strength of plated through hole shall be AABUS  

Test shall be in 
accordance with 
4.4.3 d) 

  
                                                                    N/hole  

 

Item 

Board grade:IEC 61249-2-7 (FR-4)  

 
Board thickness: 1,6 mm  

 
Hole diameter: ø1,0 mm  

  
 

 Specification 
Information 

General material:≧88,3 N/mm  

  
 

    

 

4.4.4 Pulling strength of pad of land pattern 
a) Equipment 

Equipment shall be in accordance with 4.4.1 a). 
b) Specimen 

The specimen is an independent pad of land pattern with no lead wire attached to the pad. 
Size of a pad and lead wire shall be AABUS. The lead wire shall be soldered to the land 
within 3 s using the equipment described in 4.4.1 a). Solder to be used shall be AABUS. 
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c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
The test shall be in accordance with 4.4.2 d). 

Table 10 shows specification and test method of pad pulling strength of land pattern. 

Table 10 – Specification and test method of pad pulling strength of land pattern 

Item Characteristics Test method 

Pad pulling 
strength of 
land 
pattern 

 
Pad pulling strength of land pattern shall be AABUS 

 

Test shall be in 
accordance with 
4.4.4 d) 

  
                                                                      N/mm2 

 

 

Item 

Glass epoxy resin, copper laminater 
 

 
Board grade: IEC 61249-2-7 (FR-4) 

 

 
Copper foil (conductor thickness): 18 µm 

 

 
Pad: 1,0 mm × 1,0 mm 

 

 Specification 
information 

General material: ≦39,2 N/mm2 
 

 
(Halogen free material: ≦32,0 N/mm2) 

 
    

 

4.4.5 Adhesivity of plated foil 
a) Material  

The material used in this test shall be transparent adhesive tape of 12 mm width and 
adhesive power of more than 1,8 N/cm. 

b) Specimen 
The specimen shall be a completed product or a board with the complex conductor pattern 
shown in Figures 1 to 27 of IEC TS 62878-2-4:2015. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
Clean the surface of a specimen and adhere the adhesive tape more than 50 mm on the 
specimen surface by finger pressing or other appropriate method so as not to leave any 
bubble between the tape and the specimen. Leave as is for about 10 s and then pull off 
quickly within 5 min as shown in Figure 7 at an angle of about 60°. 

The area for testing shall be larger than 100 mm2. With the naked eye or a magnifying glass, 
check delamination or a fragment detached from the plated film which is stuck to the adhesive 
tape. The fragment from the overhang of plated film is not used as the test subject. 
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Key 

A Direction of pulling C Plated foil 

B Tape D Device embedding board 

Figure 7 – Adhesivity of plated film 

4.4.6 Adhesivity of solder resist and symbol mark 

4.4.6.1 Adhesivity of paint (total surface method) 
a) Material  

The material used in this test shall be transparent adhesive tape of 12 mm width and 
adhesive power of more than 1,8 N/cm. 

b) Specimen 
The specimen shall be a device embedded board with solder resist and a symbol mark. 

c) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

d) Test 
Clean the surface of a specimen and adhere adhesive tape more than 50 mm on the 
specimen by finger pressing or other appropriate method so as not to leave any bubble 
between the tape and specimen. Leave as is for about 10 s and then pull off quickly the 
pre-treatment within 5 min at an angle of about 60° and peel off the entire tape in 0,5 s to 
1,0 s. With the naked eye or a magnifying glass, check delamination or a piece of solder 
resist or symbol mark attached to the adhesive tape.  

4.4.6.2 Adhesivity of paint (cross-cut method) 
a) Material to be used in the test 

Material to be used in the test shall be in accordance with 4.4.6.1 a). 
b) Equipment and tool 

The equipment and tool used in this test shall be one or both of the following: 
1) a single cutting tool with a cutting edge of 20° to 30° as illustrated in Figure 8, or a 

cutter knife as illustrated in Figure 9;  
2) a multiple cutting edge tool with 6 or 11 cutting edges with a gap of 1 mm as illustrated 

in Figure 10.  
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B 

A 
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Dimensions in millimetres 
 

  
Key 

A Specification of cutter B Single cutter 

Figure 8 – Single cutting tool 

Dimensions in millimetres 

 

Key 

A Breaking line 

Figure 9 – Cutter knife 

IEC 

5 

80  
8,38 

22° 

9,
1 

58° 

A 

5 

IEC 

A 

20° – 30° 

0,43 ± 0,03 

B 
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Dimensions in millimetres 

 

Key 

A Edge dimension  
(sharpen edge if the edge is worn). 

D Blades have the same diameter.  
Diameter is AABUS. 

B Cutting edge E Handle  

C 5 mm or 10 mm    

Figure 10 – Multiple blade cutter 

An equal-distance spacer illustrated in Figure 11 shall be used as a single cutting tool. 

Dimensions in millimetres 

 

Key 

A Single cutting edge guide E Rubber sheet (to prevent slippage) 

B Guide width (of single blade) F Cutting tool 

C Cross cut dimension (same) G Cutting tool guide 

D Board, e.g. stainless steel   

Figure 11 – Equal-distance spacer with guide 
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47
 

1,
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15 
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E ∅30 

0,05  

16  

40° 
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An electric powered single edge cutter shall also be AABUS. 

NOTE Use of a single edge cutting tool and a cutter knife is simple and desirable for all the paint types used in an 
adhesivity test.   

A multiple cutting edge tool is good for a thick board test but not suitable for thin board and 
soft paint. Care should be taken in using a single cutting edge tool as deviation in the cutting 
space and depth may occur in a test. Use of an equal-distance spacer with guide is 
recommended to reduce deviation of cutting. 

c) Specimen 
The specimen shall be in accordance with 4.4.6.1 b). 

d) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). 

e) Test 
Cut the surface of a specimen at a speed of about 0,5 s for each cut in case of cutting 
using a single blade cutting tool or a cutter knife at an angle of about 35° to 45° 
penetrating the paint film as illustrated in Figure 12.  

 

Key 

A Single cutting tool B Coated surface 

Figure 12 – Cutting using a single cutting tool or a cutting knife 

Figure 13 shows the cross-cut test. 11 or 6 parallel cuts are made on the paint film 1 mm 
apart to form 100 squares in an area of 100 mm2 or 25 squares in an area of 25 mm2. 

IEC 
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B 
35° – 45° 
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Key 

A Tape peeling direction C Cross-cut coating surface 

B Tape D Device embedding board 

Figure 13 – Cross-cut test 

Clean the surface using a soft brush to remove cutting dust and put the adhesive tape at the 
centre of cross cut as illustrated in Figure 12. Check the adhesivity of 100 or 25 1 mm × 1 mm 
dies by the test method described in 4.4.6.1 d). 

4.4.7 Hardness of painted film (solder resist and symbol mark) 
a) Material  

The tool to be used in the test is the pencil specified in ISO 9180. The types of pencils are 
9H, 8H, 7H, 6H, 5H, 4H, 3H, 2H, H, F, B, 2B, 3B, 4B, 5B and 6B.   
The pencils shall be produced by the same manufacturer. The wood part of one end of a 
pencil shall be cut to expose about 5 mm to 6 mm of the lead. The end of the lead shall be 
turned on a polishing paper of # 400 specified by ISO 21948 so that it is flat and has a 
sharp edge. 
The thread shall be sharpened each time. The hardness standard here is the degree of 
scratching when the surface is scratched by an obstacle, expressed by Morse hardness. 
A pencil is used for scratching as it is easy to obtain with a reliable reproducibility of 
hardness. 

b) Equipment  
The test shall be made using the equipment illustrated in Figure 14.   
This equipment is made of metal with two wheels at one end and a holder to hold a pencil 
at an angle of 45° ± 1°.  
It is desirable to install a level so as to keep the face of the wheels and the extruding 
pencil horizontal. Adjust the weight so that the load at the end of the pencil lead is 
750 g ± 10 g. The wheels shall be made of rubber so as to avoid any flaw in the specimen 
surface. 
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Dimensions in millimetres 

 

Key 

A Pencil  E Weight 

B Pencil lead F Wheel (rubber) 

C Pencil holder G Device embedding board 

D Level H Solder resist film 

Figure 14 – Coated film hardness test 

c) Specimen 
The specimen is a device embedded board with solder resist and symbol mark. The 
specimen shall be in accordance with 4.4.6.1 b). 

d) Pre-treatment 
Pre-treatment shall be in accordance with 4.3.1 c). The pre-treatment of a specimen for 
this test after use in another test shall be AABUS. 

e) Test 
Hold the specimen firmly in a horizontal position. Place the pencil with the hardest lead in 
the holder as illustrated in Figure 14 and move the holder in the testing direction. Draw a 
line on the painted surface to scratch the face, then change the pencil to the next hardest 
one until a pencil does not scratch the film in order to find the softest pencil lead to make 
a cut on the film. 

4.5 Environmental tests 

4.5.1 General 

The environmental test of device embedded boards is a test to estimate the life of a product 
under overload of high and low temperatures and humidity by estimating the environmental 
load in use conditions for a device embedded board. Test methods may be selected from the 
methods stated in Table 11. 
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Table 11 – High and low temperature characteristics and tests 

Item Characteristics Test 

Connection to 
embedded 
device 

High and low 
temperatures 

Rate of change of conduction 
resistance including plated through 
hole, via connection shall be AABUS. 

As stated in IEC 60068-2-2 for high 
temperature and IEC 60068-2-1 for low 
temperature in this test. Use the TEG 
for embedded device. Internal 
resistance of the TEG shall be less 
than 50 mΩ. 

 

4.5.2 Vapour phase thermal shock 

Table 12 shows characteristics and test methods for vapour phase thermal shock. 

Table 12 – Thermal shock characteristics and test methods 

Item Characteristics Test method 

Embedded device The rate of change of conduction resistance 
including plated through hole, via 
connection shall be AABUS. 

As stated in IEC 61189-3, 3N01 to 3N05, 
low temperature cycle test.  Use the TEG 
for embedded device. The internal 
resistance of the TEG shall be less than 
50 mΩ. 

 

4.5.3 High temperature immersion tests 

In order to perform high temperature immersion tests, a) to e) apply: 

a) Purpose 
The vapour phase high temperature immersion test is to estimate the life of a product 
under overload by immersing a specimen in high temperature oil with a specified 
environmental condition. 

b) Equipment 
Equipment shall satisfy the following conditions: 
1) a container large enough to contain a sufficient volume of silicone oil and able to 

maintain a temperature of 260 °C; 
2) a container large enough to contain a sufficient volume of organic solvent and able to 

maintain a temperature of 20 °C ± 15 °C. 
c) Specimen 

The specimen shall be a completed product or a board with the complex conductor pattern 
shown in Figures 1 to 28. 

d) Test 
Measure characteristics of the specimen for the items specified in its individual 
specification and select the temperature condition from Table 13 and change the 
temperature condition from step 1 to step 4 as one cycle. Repeat the change for the 
specified cycles according to the individual specification. The number of cycles is 5 when 
not specified in the individual specification. Then measure its characteristics for the 
specified items in the standard condition specified below. 
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Table 13 – Thermal shock (high temperature immersion test) 

Step Temperature 
°C 

Time 
s 

Liquid to immerse 

1 cycle 1 260 3 to 5 Silicone oil 

 
2 20 ± 15 < 15 Transport 

 
3 20 ± 15 20 Organic solvent 

 
4 20 ± 15 < 15 Transport 

 

e) Measuring environment 
Test environment adopted in the tests described in this part of IEC 62878. Tests are 
performed unless otherwise specified in the standard atmospheric pressure of 86 kPa to 
106 kPa and air flow of smaller than 1 m/s. In cases where it is difficult to test a specimen 
in the standard condition, a test may be made in a different condition if there is no 
question in evaluating test results. The test shall be made with the conditions shown in 
Table 14 when there is any question about the test result or when specifically requested. 

Table 14 – Measuring environment 

Classification Temperature  
°C 

Humidity  
% 

Pressure  
kPa 

Remarks 

Standard 
condition 

Common 15 to 35 25 to 75 86 to 106 Standard condition if not 
specified otherwise 

23/50 
Class 1 23 ± 1 50 ± 5 

86 to 106 
Class 2 23 ± 2 50 ± 10 

27/65 
Class 1 27 ± 1 65 ± 5 

86 to 106 
AABUS 

e.g. in a tropical area  Class 2 27 ± 1 65 ± 5 

Evaluation Common 20 ± 2 60 to 70 86 to 106  

 

Table 15 shows specification and test methods for thermal shock (high temperature 
immersion tests). 

Table 15 – Thermal shock (high temperature immersion tests) 

Item Characteristics Test method 

Embedded device The rate of change of conduction resistance, 
including plated through holes and via 
connections shall be AABUS. 

As stated in IEC 60068-2-2, high 
temperature cycle test. Use the TEG for the 
embedded device. Internal resistance of the 
TEG shall be less than 50 mΩ. 

 

4.5.4 Resistance to humidity 

In order to check resistance to humidity, a) to d) apply: 

a) Equipment 
Equipment shall satisfy the following conditions. 
1) The bath shall be able to maintain the temperature and humidity cycle shown in 

Figure 15. 

2) The resistivity of water shall be greater than 500 Ωm; if necessary, humidify the bath 
by injecting water directly. 

3) Water drops condensed on the roof or wall of the bath shall not drop on or near the 
specimen. 

b) Specimen 
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The specimen shall be a specified part of a device embedding board, test pattern or 
complex test pattern (see Figures 1 to 27 of IEC TS 62878-2-4:2015) including connection 
to the embedded device. It is recommended to use a zero ohm jumper resistor for TEG. 

c) Pre-treatment  
Pre-treatment shall be either 1) or 2) depending on individual specification. 

1) Leave a specimen in the standard environment for 24 h ± 4 h. 

2) Leave a specimen in a bath of 85 °C ± 2 °C for 4 h and then in the standard 
environment for 24 h ± 4 h. 

d) Test 
A specimen shall be measured for its individual specification and then held in a bath with 
temperature of 40 °C ± 2 °C and relative humidity of 90 % to 95 %. It is recommended to 
pre-heat the specimen beforehand so that water drops do not appear on the surface of the 
specimen.  Leave the specimen in the bath for a specified time or 240 h when the time is 
not specified. Wipe the specimen surface if there is a water drop on the specimen surface 
and then measure the items specified in its individual specification.  A specimen damaged 
in this test (e.g. mechanical damage, flush over, spark over or breakdown) shall not be 
used in other tests. 

Apply a DC voltage of 10 V  ± 1 V, 50 V ± 5 V, 100 V ± 10 V or 500 V ± 50 V depending on 
individual specification for 1 min and then measure the insulation resistance while applying 
the voltage. 
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a) Humidity cycle 

 

b) Temperature cycle 

*  The permissible limits at this time point are ± 5 min. 

Figure 15 – Temperature and humidity cycles 
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Table 16 – Resistance to humidity characteristics and test methods 

Item Characteristics Test method 

Between 
embedded 
device 
terminals 

Resistance to 
humidity 
(temperature 
and humidity 
cycle) 

Resistance  shall be larger than the 
following values: 

Refer to 4.5.4 

 

 Minimum 
conductor 

thickness or 
insulation gap 

x 
mm 

Insulation 
resistance 

 
Ω 

 

 0,02 ≦ x < 0,05 5 × 107  

 0,05 ≦ x < 0,13 1 × 108  

 0,13 ≦ x 5 × 108  

 

 

4.6 Mechanical environmental test – Resistance to migration 

4.6.1 General 

The resistance to migration test enables to measure the insulation resistance decrease after 
applying a potential between conductor layers in a board at a certain temperature and 
humidity environment in order to induce metal ion resolution into an insulation layer to reduce 
the insulation resistance. Table 17 shows the resistance to migration characteristics and test 
methods. 

In order to check resistance to migration, the following are recommended: 

4.6.2 Equipment 
a) Structure of test equipment 

• The chamber shall be able to keep an air velocity at the air blowing outlet of 2,5 m/s. 

• It shall be possible to check temperature and humidity of the chamber using a detector 
installed in the chamber. 

• The temperature and humidity deviation in the effective area of the chamber shall be 
± 2 °C and ± 3 % RH, respectively. 

• The material of the chamber shall not affect the specimen and humidifying water. 
b) Conditions for the test equipment 

• It shall be possible to control temperature and humidity in the chamber within a 
specified range. 

• The chamber shall be able to monitor temperature and humidity. 

• The chamber shall have a system to supply humidifying water continuously into the 
chamber. 

• The chamber structure shall be such that water does not drip onto the specimen. 

• Impurity or any residue of previous tests shall not be left in the chamber to affect the 
following test. 

c) Performance of the test equipment 

The chamber shall be able to change periodically from 25 °C ± 3 °C to the specified high 
temperature. Relative humidity in the chamber shall be checked using test equipment 
which has a specified accuracy. 

d) Insulation resistance measurement equipment 
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• The instrument shall be able to measure resistance of over 1010 Ω. It should have its 
own power supply and able to supply the desired test voltage or measurement voltage. 

• The insulation resistance meter shall be able to change its range automatically. 
Insulation resistance shall be measured after applying for 1 min a measuring voltage 
of one of the specified values: 10 V ± 1 V, 50 V ± 5 V, 100 V ± 10 V, and 500 V ± 50 V. 

e) Insulation resistance tester 

The insulation resistance tester shall be able to measure resistance of over 1010 Ω. 
f) Power supply 

The power supply shall have an appropriate power capacity and shall be able to supply an 
arbitrary measuring voltage. 

g) Materials, jig, tool to be used in the measurement 
Wiring materials and specimen fixing jigs shall be clean and low in thermal conductivity 
and thermal capacity, and thermally isolated from each other. They shall be selected from 
materials not affecting the measurement considering electrical insulation characteristics, 
contact resistance, or contamination of specimen such as by generation of corrosive gas. 
Cables used in the test equipment shall be durable for long-term use in various 
temperature, humidity or pressure conditions. 

4.6.3 Specimen 

The specimen shall be a complete product or a specimen with the complex test pattern shown 
in Figures 1 to 27 of IEC TS 62878-2-4:2015. The specimen board shall be handled using a 
glove so as not to contaminate by touching with a bare hand. The number of specimens shall 
be either of the following but the agreement between user and supplier shall have priority. 

• The number at the stage of test production shall be n ≧ 5 for the product AABUS. 

• The number at the stage of volume production shall be n ≧ 10 for the product AABUS. 

4.6.4 Test condition 

Test condition should be as follows: 

a) Standard condition 
Measurement shall be made at a temperature of 15 °C to 35 °C, relative humidity of 25 % 
to 75 % and atmospheric pressure of 86 kPa to 106 kPa unless otherwise specified in the 
individual specification. The measuring environment given in 4.6.4 b) shall be used if there 
is any question about the result using the above standard condition, or if specifically 
required. It is possible to measure in a condition other than the standard condition if 
realization of the standard condition is difficult, or AABUS. 

b) Evaluation condition 

Evaluation condition shall be made at a temperature of 20 °C ± 2 °C, relative humidity of 
60 % to 70 % and atmospheric pressure of 86 kPa to 106 kPa. 

c) Measurement outside of the bath 
The condition given in 4.6.4 a) and b) is applicable. 

Table 17 – Resistance to migration characteristics and test methods  

Item Characteristics Test 

Embedded device and 
pattern. 

The following value shall be attained. Refer to 4.6.1.3 

  Item Specification  

 Anti-migration ≧ 1 × 108 Ω  

Measurement shall be made after 
leaving the specimen for 1 h. 
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5 Shipping inspection 

5.1 General 

Shipping inspection consists of checking the quality of all the products based on this standard. 
It is desirable to test all the products. However, sampled specimens may be tested AABUS for 
sampling and details of tests. The test items at shipping are specified below for device 
embedded boards, as illustrated in Figure 16. 

The detailed items are expressed in Table 18. 

 

Key 

A Embedded active component D Surface layer 

B Embedded passive component E Solder resist 

C Inner layer   

Figure 16 – Device embedded board for shipping inspection 

A representative circuit construction of an electrical test is given in Figure 17. Test methods 
are divided into three types, a), b), and c), i.e. conduction, opening and short-circuit. 

a) Test of conductor pattern not connected to embedded component (Figure 17, G). 
b) Test of connection of embedded component terminals connected to the conductor pattern 

(Figure 17, H, J). 
c) Test of connection of embedded component whose terminals are not connected to surface 

conductors (Figure17, K, L). 
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Key 

A Passive component F Test probe point 

B Resistor G Conductor not connected to embedded component 

C Capacitor H Conductor connected to passive component 

D Connection to embedded component J Conductor connected to active component 

E Conductor pattern K, L Conductor and embedded component not soldered to 
surface 

Figure 17 – Typical circuit construction of device embedded board 

Table 18 – Applicable items of shipping inspection 

Class Testing item 

Testing range 

Conductor pattern 
(Conduction/open/ 

short-circuit) 

Conductor 
pattern 

connected to 
passive 

component 

Conductor pattern 
connected to active 

component 

1 

E
le

ct
ric

al
 te

st
 

a)  Embedded component 
terminals are not 
connected to circuit. 

As indicated in 5.2.2 ― ― 

b)  Embedded component 
terminals are connected 
to surface circuit. 

― 
As indicated in 
5.2.3.2, 5.2.3.3, 
and 5.2.3.4  

As indicated in 
5.2.4.2, 5.2.4.3 

c)  Embedded component 
terminals are not 
connected to the 
surface circuit. 

― As indicated in 5.2.6 

2 Visual inspection (AOI) As indicated in 5.4 

3 Internal observation (X-ray test) As indicated in 5.3 

4 Electrical test NA As indicated in 5.2 NA 

5 Functional test NA NA NA 

 

5.2 Electrical test 

5.2.1 General 

Tests of conduction and the opening of the conductor pattern not connected to embedded 
components are similar to the general electrical test of the circuit board. Electrical tests for 
embedded passive component terminals and conductor pattern electrical tests are made by 
conduction, opening and short-circuit tests of the circuit including passive component 
terminals. Tests for the construction having embedded active components shall be carried out 
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after the completion of the circuit. Electrical tests are classified into the following as shown in 
Figure 18. 

• Test of conduction, opening and short-circuiting of the conductor pattern that is not 
connected to an embedded component. 

• Test of conduction, opening and short-circuiting of the conductor pattern which can be 
reached from a surface layer. 

• Test of conduction, opening and short-circuiting of conductor pattern of connection 
terminals of embedded active devices: IC (integrated circuit), LSI (large scale integration), 
transistor, diode. 

5.2.2 Test of conductor pattern not connected to an embedded component 

Tests of conductor patterns not connected to an embedded component, as shown in Figure 19, 
are carried out like electrical tests for the general electronic circuits. 

In order to perform the test of conductor pattern not connected to an embedded component, 
a) to c) apply: 

a) Equipment 
The equipment used in the test is similar to the one stated below and includes electrical 
connection jigs to obtain electrical connection to the specified part of the conductor 
pattern. 

• The equipment shall be able to test the conductor pattern and via resistance by the 
voltage drop method. In case good measurement accuracy is required in the 
measurement of the very small resistor, the four-terminal method equipment may be 
used AABUS. 

• The test signal (voltage or current) shall be a DC signal or an AC signal of less than 
1 MHz. 

• The test range shall be 1 mΩ to 100 MΩ. The values shall be AABUS. 

• The test equipment shall be calibrated before the tests. 
b) Pre-treatment 

It is recommended to wash and clean, and to remove rust and other foreign materials on 
the testing probe points of the conductor circuit or pattern as the contact resistance may 
result in erroneous measurements.  

c) Inspection and evaluation 
The conductivity of the circuit is considered acceptable if the measured resistance is 
within the stated values when a specified voltage and/or current is applied to the specified 
part of the conductor pattern. No short-circuit occurs when the measured resistance 
between different networks exceeds the specified minimum resistance. The applied 
voltage, the applied current, the signal application time, the specified resistance and the 
minimum allowable resistance are to be AABUS.  
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Key 
 

A Connection to embedded component 

B Conductor pattern 

C Testing probe point 

D Resistor 

E Capacitor 

F Inductor 

G Integrated circuit, large scale integration 

H Transistor 

J Diode 

 

 
 

 
 

 
Figure 18 – Examples of evaluation levels of electrical test 

 

Key 
 

A Conductor pattern 

B Testing probe point 

Figure 19 – Circuit construction not connected to embedded component 
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5.2.3 Test on the pattern having a passive component and a conductor pattern 

5.2.3.1 General 

Tests of conduction for embedded passive components vary depending on whether the 
connections to the embedded component are connected to the surface conductor pattern or 
not. Test methods are specified in this standard for typical circuit cases as stated below. 
Inspection shall be carried out by measuring the component resistance of the circuit 
impedance using a DC signal or an AC signal of less than 1 MHz frequency. No test for an 
embedded component shall be carried out during this inspection. 

• Test for conductivity including testable terminals of an embedded passive component and 
a conductor pattern on surface. 

• Test for conductivity including testable parallel connected terminals of an embedded 
passive component and a conductor pattern on surface. 

• Test for conductivity including series connected terminals that cannot be tested as 
embedded passive components and the surface conductor pattern. 

5.2.3.2 Test of a circuit having both individual passive component(s) and a 
conductor pattern 

This is a test to confirm conductance, in open and short-circuit of a component embedded 
board as shown in Figure 20, which has connections from embedded component terminal(s) 
and individual or common connections to the surface pattern. This test consists of measuring 
the resistance, inductance or capacitance using a DC or an AC signal of less than 1 MHz 
frequency. The performance characteristics of resistance, inductance or capacitance of 
embedded component(s) are not verified by this test. The testing current and voltage are 
within the rated values of the embedded components. 

 

 

 

 

 

 

Key 

A Connection to an embedded 
component 

B Conductor pattern 

C Testing probe point 

D Resistor 

E Inductor 

F Capacitor 

EXAMPLE 

Measurement between 1 and 2  
Measurement between 1 and 3  
Measurement between 2 and 3 

Figure 20 – Circuit construction which is capable of independent check 

In order to perform test of a circuit having both individual passive component(s) and a 
conductor pattern, a) to c) apply: 

a) Equipment 
The equipment shall consist of components equivalent to the ones described below and 
including testing jigs to obtain electrical connections to the specimen. 
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• The equipment shall be able to measure resistance and impedance. 

• The testing signal (voltage or current) shall be a DC or an AC signal of less than 
1 MHz frequency. 

• The measuring range of resistance is 1 mΩ to 100 MΩ. However, the values agreed 
upon between user and supplier take priority.   

• The test equipment shall be calibrated before the tests. 
b) Pre-treatment 

Pre-treatment shall comply with 5.2.3.2 b). 
c) Inspection and evaluation 

The conductivity of the circuit is considered acceptable if the measured resistance is 
within the stated values when the specified voltage and/or current is applied to the 
specified part of the conductor pattern. No short-circuit occurs when the measured 
resistance between different networks exceeds the specified minimum resistance. The 
applied voltage, the current, the signal application time, the specified resistance and the 
minimum allowable resistance are to be AABUS.  

5.2.3.3 Test of a circuit having both passive component(s) and a conductor pattern 
in parallel connections 

The circuit whose terminal connections of embedded passive components are connected in 
parallel to the surface pattern as shown in Figure 21 cannot check the individual component 
and conductor pattern. Conduction, the opening and short-circuiting of the circuit shall be 
confirmed by measuring the composite resistance or composite impedance of a composite 
circuit of resistors, inductors and capacitors of the circuit by applying a DC or an AC signal of 
less than 1 MHz. The applied signal for the test shall be within the rated value of embedded 
components. 
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Passive components of a similar type        Passive components of a different type 

Key 

A Connection to embedded component D Resistor 

B Conductor pattern E Inductor 

C Measuring probe F Capacitor 

EXAMPLE 

Measurement between 1 and 2 

Figure 21 – Circuit construction for parallel connection of passive components 

In order to test a circuit having both passive component(s) and a conductor pattern in parallel 
connections, a) to c) apply: 

a) Equipment 
The equipment shall consist of a component equivalent to the ones described below and 
including testing jigs to obtain electrical connections to the specimen. 

• The equipment shall be able to measure composite resistance and impedance. 

• The testing signal (voltage or current) shall be a DC or an AC signal of less than 
1 MHz frequency. 

• The measuring range of resistance is 1 mΩ to 100 MΩ. However, the values agreed 
upon between user and supplier take priority.   

• The test equipment shall be calibrated before tests. 
b) Pre-treatment 

Pre-treatment shall comply with 5.2.2 b). 
c) Inspection and evaluation 

The conductivity of the circuit is considered acceptable if the measured composite 
impedance of the circuit including resistor(s), inductor(s) and capacitor(s) is within the 
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stated values when the specified voltage and/or current is applied to the specified part of 
the conductor pattern. No short-circuit occurs when the measured resistance between 
different networks exceeds the specified minimum resistance. The applied voltage, the 
current, the signal application time, the specified resistance and the minimum allowable 
resistance are to be AABUS. 

5.2.3.4 Test of a circuit having both in series connected passive component(s) and a 
conductor pattern 

In the circuit whose terminal connections of embedded passive components are connected in 
series to the surface pattern, as shown in Figure 22, the individual component and conductor 
pattern cannot be checked. Conduction, opening and short-circuiting of the circuit shall be 
confirmed by measuring the composite resistance or composite impedance of a composite 
circuit of resistors, inductors and capacitors of the circuit by applying a DC or an AC signal of 
less than 1 MHz. The applied signal for the test shall be within the rated value of embedded 
components. 

 

Passive component of the same type         Passive component of a different type 

Key 

A Connection to embedded component D Resistor 

B Conductor pattern E Inductor 

C Measuring probe F Capacitor 

EXAMPLE 

Measurement between 1 and 2 

Figure 22 – Circuit construction for series connection of passive components 

5.2.4 Test of a circuit having both active component(s) and a conductor pattern 

5.2.4.1 General 

It is difficult to standardize a test method of a circuit composed of various types of active 
components and a circuit consisting of various types of passive components and conductor 
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patterns. A test method is presented in this standard for an embedded diode as a guide. This 
test is given as an example because it can be carried out rather simply in production for the 
test of conduction, opening or short-circuiting of a circuit having terminal connections of an 
embedded active component and conductor pattern. 

5.2.4.2 Test of a circuit having both individual active component(s) and a conductor 
pattern 

The test of an individual embedded active device such as a diode or a transistor which has a 
terminal connection connected to a surface conductor pattern, as illustrated in Figures 23 and 
24, can be carried out for conduction, opening and short-circuiting of embedded components 
and conductor patterns by measuring the voltage by applying a DC current. 

Characteristics of the embedded diode or the transistor are not measured. The signal applied 
for the test shall be within the rated value of the embedded components. 

 

 

 

 

Key 

A Terminal connection of embedded component 

B Conductor pattern 

C Testing probe point 

G Diode 

EXAMPLE 

Measurement between 2 and 1 

Figure 23 – Circuit construction of embedded diode 

 

 

 

 

 

 

Key  

A Connection of embedded component 

B Conductor pattern 

C Testing probe point 

H Transistor 

EXAMPLE 

Measurement between 2 and 1 
Measurement between 2 and 3 

Figure 24 – Circuit construction of transistor circuit 

In order to perform test of a circuit having both individual active component(s) and a 
conductor pattern, a) to c) apply: 
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a) Equipment 
The equipment shall consist of a component equivalent to the ones described below and 
that include testing jigs to obtain electrical connections to the specimen. 

• The equipment shall be able to supply a constant current and to measure the voltage. 

• The testing signal (voltage or current) shall be DC and 0 to 1 V. 

• The measuring range of the resistance is 0 to 1 V. However, the values agreed upon 
between user and supplier take priority. 

• The test equipment shall be calibrated before tests. 
b) Pre-treatment 

Pre-treatment shall comply with 5.2.2 b). 
c) Inspection and evaluation 

The conductivity of the circuit is considered acceptable if the measured voltage is within 
the stated values when the specified voltage and/or current is applied to the specified part 
of a diode or a transistor and a conductor pattern. No short-circuit occurs when the 
measured resistance between different networks exceeds the specified minimum 
resistance. The applied voltage, the applied current, the signal application time, the 
specified resistance and the minimum allowable resistance are to be AABUS. 

5.2.4.3 Test of a circuit having IC, LSI and a conductor pattern 

The test of an individual embedded active device such as an IC or LSI which has a terminal 
connection and is connected to a surface conductor pattern, as illustrated in Figure 25, can be 
carried out for conduction, opening and short-circuiting of the embedded component and 
conductor pattern by measuring the voltage at the component applying a DC current to the 
embedded diode. The characteristics of an embedded IC or LSI are not measured. The 
applied signal for the test shall be within the rated value of embedded components. 

 

 

 

 

 

 

 

 

 

 

Key 

A Connection of embedded 
component 

B Conductor pattern 

C Testing probe point 

J Integrated circuit (IC), large 
scale integration  

EXAMPLE 

Measurement between 1 and 4  
Measurement between 2 and 3  
Measurement between 3 and 4 

Figure 25 – Circuit construction of a conductor pattern with embedded IC and LSI 

In order to perform test of a circuit having IC, LSI and a conductor pattern, a) to c) apply: 
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a) Equipment 
The equipment shall comply with 5.2.4.2 a). 

b) Pre-treatment 
Pre-treatment shall comply with 5.2.2 b). 

c) Inspection and evaluation 
The conductivity of the circuit containing embedded IC and LSI is considered acceptable if 
the measured voltage is within the stated values when specified current is applied to the 
specified part of the conductor pattern. No short-circuit occurs when the measured 
resistance between different networks exceeds the specified minimum resistance. The 
applied voltage, the applied current, the signal application time, the specified resistance 
and the minimum allowable resistance are to be AABUS. 

5.2.5 Test of a circuit having connections of both individual passive component(s) 
and conductor pattern 

The test of an individual embedded active device such as an IC or LSI which has a terminal 
connection connected to the surface conductor pattern via a passive component, as illustrated 
in Figure 26, can be carried out for conduction, opening and short-circuiting of an embedded 
component and conductor pattern by measuring the voltage at the component by applying a 
DC current or an AC signal of a frequency of less 1 MHz to the embedded IC or LSI. The 
characteristics of the embedded IC or LSI are not measured. The applied signal for the test 
shall be within the rated value of the embedded components. 

 

Key 

A Connection of embedded component E Inductor 

B Conductor pattern F Capacitor 

C Testing probe point G Integrated circuit (IC), large scale integration 

D Resistor   

EXAMPLE 

Measurement between 1 and 2 
Measurement between 1 and 3 
Measurement between 2 and 3 

Figure 26 – Circuit construction composed of a passive component and  
an active component 

In order to test a circuit having connections of both individual passive component(s) and 
conductor pattern, a) to c) apply. 

a) Equipment 
The equipment shall comply with 5.2.4.2 a). 

b) Pre-treatment 
Pre-treatment shall comply with 5.2.2 b). 
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c) Inspection and evaluation 
The conductivity of the circuit containing embedded IC and LSI is considered acceptable if 
the measured voltage is within the stated values when the specified current is applied to 
the specified part of the conductor pattern. No short-circuit occurs when the measured 
resistance between different networks exceeds the specified minimum resistance. The 
applied voltage, the applied current, the signal application time, the specified resistance 
and the minimum allowable resistance are to be AABUS. 

5.2.6 Test of a circuit having an embedded component which cannot be checked 
from the surface and a conductor pattern 

The quality guarantee of an embedded structure which cannot be tested from the surface as 
illustrated in Figure 27 shall be AABUS. 

 

 

Key 

A Connection of embedded 
component 

B Conductor pattern 

D Resistor 

E Inductor 

F Capacitor 

G IC, LSI 

Figure 27 – Circuit construction of embedded components  
having no connection terminal on the surface 

5.3 Internal transparent test 

A device embedded board contains embedded components inside the board and cannot be 
observed from outside. The status of an embedded component may be checked using X-ray 
which can check the inside of a board. The X–ray test demands appreciable work. Use of an 
X-ray inspection shall be as AABUS. The X-ray inspection may be used as one of the product 
reliability tests. 

In order to perform the internal transparent test, a) to c) apply: 

a) Equipment 
The equipment shall be X-ray inspection equipment which can inspect the inside of a 
specimen by means of X-rays.  

b) Pre-treatment 
Pre-treatment shall comply with 5.2.2 b). 

c) Inspection and evaluation 
The test equipment and test method shall be AABUS. The evaluation of the test result 
shall be in accordance with the individual specification. 

5.4 Visual test 

The appearance of a device embedded board seems exactly the same as that of an ordinary 
electric circuit board as embedded components are embedded within the board and cannot be 
observed from outside. The visual test of a device embedded board is like the visual test of an 
ordinary electric circuit board. The visual test method shall be AABUS. The method described 
here is a guideline and not to be used as a standard. 

In order to perform visual test, a) to c) apply: 
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a) Equipment 
The equipment should correspond to one of the following two descriptions: 

• observation by the naked eye using a magnifying glass or a microscope; 

• AOI (automatic optical inspection). 
b) Pre-treatment 

The surface treatment shall be carried out according to the individual specification. 
c) Inspection and evaluation 

The equipment for the test and the test method shall be AABUS. The evaluation of the test 
result shall be in accordance with the individual specification. 
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Annex A 
(informative) 

 
Related test methods 

Table A.1 lists related test method standards. 

Table A.1 – Related test methods 

Test Name of test and equipment IEC ISO and 
others 

 Test methods for electrical materials, 
printed boards and other 
interconnection structures and 
assemblies – Part 2: Test methods for 
materials for interconnection 
structures  

IEC 61189-2  

Test methods for electrical materials, 
printed boards and other 
interconnection structures and 
assemblies – Part 3:Test methods for 
interconnection structures (printed 
boards) 

IEC 61189-3  

Environmental tests Environmental testing – Part 1 
General and guidance 

IEC 60068-1  

Test methods for electrical materials, 
interconnection structures and 
assemblies – Part 1: General test 
methods and methodology 

IEC 61189-1  

Testing condition and environment for 
plastics 

 ISO 291 

Visual test and micro-
sectioning 

IEC 61198-3   

Dimensions IEC 61189-3   

Venire gauge  ISO 6906 

ISO 3599 

Micrometer  ISO 3611 

Height gauge ― ― 

Precision plate  ISO 8512-1 

ISO 8512-2 

Gap gauge ― ― 

Electrical tests IEC 61189-3 

Conductor resistance IEC 61189-3 3E12  

Withstand current IEC 61189-3 3E15  

Withstand voltage 

AC voltage 

DC voltage 

IEC 61189-3 3E09, 3E10  

IEC 61189-3 3E09, 3E10  

IEC 61189-3 3E09, 3E10  

Insulation resistance IEC 61189-3 3E03, surface layer 

3E05, between layers 

 

Circuit isolation and 
conductivity 

IEC 61189-3 3E01, isolation 

3E02, continuity 

 

Mechanical tests IEC 61189-3 

Peel strength IEC 61189-3 3M01, standard 
atmosphere 
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Test Name of test and equipment IEC ISO and 
others 

Peeling strength of land 
without plated land hole 

IEC 61189-3 3M07  

Pulling strength of plated 
through hole for component 
mounting 

IEC 61189-3 3M03  

Pulling strength of land 
pattern pad  

IEC 61189-3 3M07  

Adhesivity of plating 

Cellophane adhesive tape 

Adhesive tape and sheet 

IEC 61189-3 3M01  

 3M01 

― 

― 

ISO 29862 

ISO 29863 

ISO 29864 

Adhesivity of solder resist 
and symbol marks 

IEC 61189-3 3M01  

Cross cut test IEC 61189-3 IEC 61189-3 ISO 2409 

Cellophane adhesive tape 

Adhesive tape and sheet 

 IEC 61189-3 

― 

― 

ISO 29862 

ISO 29863 

ISO 29864 

Carbon steel cutter knife   ISO 4957 

Coated film hardness 
(solder resist and symbol 
marks) 

IEC 61189-3 3M01  

Paint test, general (scratch hardness)   ISO 15184 

Pencil, pencil colour and lead used   ISO 9180 

Polishing paper  ISO 3366 

ISO 21948 

Environmental tests IEC 61189-3 

High temperature Environmental testing –  

IEC 60068-2-2: Test B: Dry heat 

IEC 60068-2-2  

Low temperature IEC 60068-2-1: Test A: Cold IEC 60068-2-1  

Thermal shock (high and 
low temperatures) 

IEC 61189-3 3N01 to 3N05  

IEC 60068-2-14: Test N: Change of 
temperature 

IEC 60068-2-14  

IEC 60068-2-30: Test Db: Dump heat, 
cyclic (12 h + 12 h cycle) 

IEC 60068-2-30  

IEC 60068-2-38: Test Z/AD: 
Composite temperature/humidity cycle 
test 

IEC 60068-2-38  

Resistance to humidity IEC 61189-3 3N06  

IEC 60068-2-78: Test Cab: Damp 
heat, steady state 

IEC 60068-2-78  

Migration IEC TR 62866 3E20 ― 

IEC 60068-2-66: Test Cx: Damp heat, 
steady state (unsaturated pressurized 
vapour) 

IEC 60068-2-66  

Flux for soldering  ISO 9455 

Vibration IEC 60068-2-53: Test and guidance – 
combined climatic 
(temperature/humidity 

IEC 60068-2-53  

IEC 60068-2-6: Test Fc: Vibration 
(sinusoidal) 

IEC 60068-2-6  

BS EN 62878-1-1:2015



IEC 62878-1-1:2015 © IEC 2015 – 51 – 

Test Name of test and equipment IEC ISO and 
others 

IEC 60068-2-64: Test Fh: Vibration, 
broadband random and guidance 

IEC 60068-2-64  

IEC 60068-2-80: Test Fi: Vibration-
mixed mode 

IEC 60068-2-80  

Drop shock IEC 62137-1-3: Surface mounting 
technology – Environmental and 
endurance test methods for surface 
mount solder joint – Part 1-3: Cyclic 
drop test 

IEC 62137-1-3 JASO D 0143 

Bending  IEC 62137-1-4: Surface mounting 
technology – Environmental and 
endurance test methods for surface 
mount solder joint – Part 1-4: Cyclic 
bending test 

IEC 62137-1-4 ― 

Screwing  IEC 60068-2-21: Test U: Robustness 
of terminations and integral mounting 
devices 

IEC 60068-2-21 ― 

Chemical tests IEC 61189-3 

Flammability IEC 61189-3 3C03 (to be revised)  

Resistance to chemicals IEC 61189-3 3C04  

Solderability IEC 60068-2-58: Test Td: Test 
methods for solderability, resistance 
to dissolution of metallization and to 
soldering heat of surface mounting 
devices 

IEC 60068-2-58  

Materials used in the manufacture and 
assembly of printed board electronic 
assemblies Part 1: Attachment 
materials for electronic assemblies  

 ISO 9453 

ISO 9454-1 

ISO 9445-1 
IEC 61190-1-2: Attachment materials; 
Requirement for soldering pastes 

IEC 61190-1-2 

IEC 61190-1-3: Requirements for 
electrical grade solder alloys and 
fluxed and non-fluxed sold solder 

IEC 61190-1-3 

IEC 61189-11: Measurement of 
melting temperature and melting 
temperature ranges of solder alloys 

IEC 61189-11 

Rosin ― ― 

Propanol  ISO 6353-3 

Ethanol   ISO 6353-2 

Resistance to soldering 
heat 

IEC 60068-2-20: Test T: Test methods 
for solderability and resistance to 
soldering heat of devices with leads 

IEC 60068-2-20  

IEC 60068-2-58: Test Td: Test 
methods for solderability, resistance 
to dissolution of metallization and to 
soldering heat of surface mounting 
devices 

IEC 60068-2-58  

IEC 60068-2-20: Test T: Test methods 
for solderability and resistance to 
soldering heat of devices with leads 

IEC 60068-2-20  

Thermal resistance of 
solder resist and symbol 
marks 

IEC 61189-3 IEC 61189-3  
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Bibliography 

IEC 60068-1, Environmental testing − Part 1: General and guidance 

IEC 60068-2-6, Environmental testing – Part 2-6: Tests – Test Fc: Vibration (sinusoidal) 

IEC 60068-2-14, Environmental testing – Part 2-14: Test N: Change of temperature 

IEC 60068-2-20, Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 

IEC 60068-2-21, Environmental testing – Part 2-21: Tests – Test U: Robustness of 
terminations and integral mounting devices 

IEC 60068-2-30, Environmental testing – Part 2-30: Tests – Test Db: Damp heat, cyclic (12 h 
+ 12 h cycle) 

IEC 60068-2-38, Environmental testing – Part 2-38: Tests – Test Z/AD: Composite 
temperature/humidity cyclic test 

IEC 60068-2-53, Environmental testing – Part 2-53: Tests and guidance – Combined climatic 
(temperature/humidity) and dynamic (vibration/shock) tests  

IEC 60068-2-58, Environmental testing – Part 2-58: Tests –Test Td: Test methods for 
solderability, resistance to dissolution of metallization and to soldering heat of surface 
mounting devices (SMD) 

IEC 60068-2-64, Environmental testing – Part 2-64: Tests – Test Fh: Vibration, broadband 
random and guidance 

IEC 60068-2-66, Environmental testing – Part 2-66: Test methods – Test Cx: Damp heat, 
steady state (unsaturated pressurized vapour) 

IEC 60068-2-78, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, steady 
state 

IEC 60068-2-80, Environmental testing – Part 2-80: Tests – Test Fi: Vibration – Mixed mode 

IEC 61189-1, Test methods for electrical materials, interconnection structures and 
assemblies – Part 1: General test methods and methodology 

IEC 61189-2, Test methods for electrical materials, printed boards and other interconnection 
structures and assemblies – Part 2: Test methods for materials for interconnection structures 

IEC 61189-11, Test methods for electrical materials, printed boards and other interconnection 
structures and assemblies – Part 11: Measurement of melting temperature or melting 
temperature ranges of solder alloys 

IEC 61190-1-2, Attachment materials for electronic assembly – Part 1-2: Requirements for 
soldering pastes for high-quality interconnects in electronics assembly 

IEC 61190-1-3, Attachment materials for electronic assembly – Part 1-3: Requirements for 
electronic grade solder alloys and fluxed and non-fluxed solid solders for electronic soldering 
applications 
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IEC 62137-1-2, Surface mounting technology – Environmental and endurance test methods 
for surface mount solder joint – Part 1-2: Shear strength test 

IEC 62137-1-3, Surface mounting technology – Environmental and endurance test methods 
for surface mount solder joint – Part 1-3: Cyclic drop test 

IEC 62421, Electronics assembly technology – Electronic modules 

IEC TR 62866, Electrochemical migration in printed wiring boards and assemblies – 
Mechanisms and testing 

IEC TS 62878-2-1, Device embedded substrate – Part 2-1: Guidelines – General description 
of technology 

IEC TS 62878-2-3, Device embedded substrate – Part 2-3: Guidelines – Design guide 

ISO 291, Plastics – Standard atmospheres for conditioning and testing 

ISO 2409, Paints and varnishes – Cross-cut test 

ISO 3366, Coated abrasives – Abrasive rolls 

ISO 3599, Vernier callipers reading to 0,1 and 0,05 mm (withdrawn) 

ISO 3611, Geometrical product specifications (GPS) – Dimensional measuring equipment: 
Micrometers for external measurements – Design and metrological characteristics. 

ISO 4957, Tool steels 

ISO 6353-2, Reagents for chemical analysis – Part 2: Specifications – First series 

ISO 6353-3, Reagents for chemical analysis – Part 3: Specifications – Second series 

ISO 6906, Vernier callipers reading to 0,02 mm (withdrawn) 

ISO 8512-1, Surface plates – Part 1: Cast iron 

ISO 8512-2, Surface plates – Part 2: Granite 

ISO 9180, Black leads for wood-cased pencils – Classification and diameters 

ISO 9445-1, Continuously cold-rolled stainless steel – Tolerances on dimensions and form – 
Part 1: Narrow strip and cut lengths 

ISO 9453, Soft solder alloys – Chemical compositions and forms 

ISO 9454-1, Soft soldering fluxes – Classification and requirements – Part 1: Classification, 
labelling and packaging 

ISO 9455 (all parts), Soft soldering fluxes – Test methods 

ISO 15184, Paints and varnishes – Determination of film hardness by pencil test 

ISO 21948, Coated abrasives – Plain sheets 
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ISO 29862, Self adhesive tapes – Determination of peel adhesion properties 

ISO 29863, Self adhesive tapes – Measurement of static shear adhesion 

ISO 29864, Self adhesive tapes – Measurement of breaking strength and elongation at break 

 

_____________ 

BS EN 62878-1-1:2015



This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	30325341-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviations
	3.1 Terms and definitions
	3.2 Abbreviations

	4 Test methods
	4.1 General
	4.2 Visual inspection and micro-sectioning
	4.2.1 General
	4.2.2 Visual inspection
	4.2.3 Micro-sectioning
	4.2.4 Lack of conductor and residue of conductor
	4.2.5 Land dimension and land width (annular ring)

	4.3 Electrical tests
	4.3.1 Conductor resistance
	4.3.2 Through hole and build-up via
	4.3.3 Withstanding current of embedded device connection
	4.3.4 Withstanding voltage in embedded boards
	4.3.5 Insulation resistance
	4.3.6 Conduction and insulation of circuit

	4.4 Mechanical tests
	4.4.1 Pulling strength of conductor
	4.4.2 Pulling strength of un-plated through hole
	4.4.3 Pulling strength of plated through hole
	4.4.4 Pulling strength of pad of land pattern
	4.4.5 Adhesivity of plated foil
	4.4.6 Adhesivity of solder resist and symbol mark
	4.4.7 Hardness of painted film (solder resist and symbol mark)

	4.5 Environmental tests
	4.5.1 General
	4.5.2 Vapour phase thermal shock
	4.5.3 High temperature immersion tests
	4.5.4 Resistance to humidity

	4.6 Mechanical environmental test – Resistance to migration
	4.6.1 General
	4.6.2 Equipment
	4.6.3 Specimen
	4.6.4 Test condition


	5 Shipping inspection
	5.1 General
	5.2 Electrical test
	5.2.1 General
	5.2.2 Test of conductor pattern not connected to an embedded component
	5.2.3 Test on the pattern having a passive component and a conductor pattern
	5.2.4 Test of a circuit having both active component(s) and a conductor pattern
	5.2.5 Test of a circuit having connections of both individual passive component(s) and conductor pattern
	5.2.6 Test of a circuit having an embedded component which cannot be checked from the surface and a conductor pattern

	5.3 Internal transparent test
	5.4 Visual test

	Annex A (informative) Related test methods
	Bibliography
	Figures 
	Figure 1 – Measuring items of the micro-sectioned through hole structure
	Figure 2 – Measuring items of the micro-sectioned device embedded board with build-up structure
	Figure 3 – Measurement of land dimension
	Figure 4 – Build-up land measurement
	Figure 5 – Conductor resistance measurement
	Figure 6 – Relationship between current, conductor width and thickness and temperature rise
	Figure 7 – Adhesivity of plated film
	Figure 8 – Single cutting tool
	Figure 9 – Cutter knife
	Figure 10 – Multiple blade cutter
	Figure 11 – Equal-distance spacer with guide
	Figure 12 – Cutting using a single cutting tool or a cutting knife
	Figure 13 – Cross-cut test
	Figure 14 – Coated film hardness test
	Figure 15 – Temperature and humidity cycles
	Figure 16 – Device embedded board for shipping inspection
	Figure 17 – Typical circuit construction of device embedded board
	Figure 18 – Examples of evaluation levels of electrical test
	Figure 19 – Circuit construction not connected to embedded component
	Figure 20 – Circuit construction which is capable of independent check
	Figure 21 – Circuit construction for parallel connection of passive components
	Figure 22 – Circuit construction for series connection of passive components
	Figure 23 – Circuit construction of embedded diode
	Figure 24 – Circuit construction of transistor circuit
	Figure 25 – Circuit construction of a conductor pattern with embedded IC and LSI
	Figure 26 – Circuit construction composed of a passive component and an active component
	Figure 27 – Circuit construction of embedded components having no connection terminal on the surface

	Tables 
	Table 1 – Test items, characteristics and observations of micro-sectioned specimens
	Table 2 – Test method for coplanarity around the land pattern
	Table 3 – Characteristics and test methods for conductor resistance
	Table 4 – Withstanding current and test methods
	Table 5 – Withstanding voltage and test methods
	Table 6 – Criteria and test methods for insulation resistance
	Table 7 – Characteristics and test method of pulling strength of conductor
	Table 8 – Dimensions of land, hole and conductor
	Table 9 – Characteristics and test methods of pulling strength of plated through hole
	Table 10 – Specification and test method of pad pulling strength of land pattern
	Table 11 – High and low temperature characteristics and tests
	Table 12 – Thermal shock characteristics and test methods
	Table 13 – Thermal shock (high temperature immersion test)
	Table 14 – Measuring environment
	Table 15 – Thermal shock (high temperature immersion tests)
	Table 16 – Resistance to humidity characteristics and test methods
	Table 17 – Resistance to migration characteristics and test methods 
	Table 18 – Applicable items of shipping inspection
	Table A.1 – Related test methods


	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes, définitions et abréviations
	3.1 Termes et définitions
	3.2 Abréviations

	4 Méthodes d'essai
	4.1 Généralités
	4.2 Inspection visuelle et microsection
	4.2.1 Généralités
	4.2.2 Inspection visuelle
	4.2.3 Microsection
	4.2.4 Défaut de conducteur et résidu de conducteur
	4.2.5 Dimension et largeur de pastille (bague annulaire)

	4.3 Essais électriques
	4.3.1 Résistance des conducteurs
	4.3.2 Trou traversant et trou de liaison dans la couche intégrée
	4.3.3 Courant de tenue de la connexion à l'appareil intégré
	4.3.4 Tension de tenue dans les cartes intégrées
	4.3.5 Résistance d'isolation
	4.3.6 Conduction et isolation du circuit

	4.4 Essais mécaniques
	4.4.1 Force d'arrachement du conducteur
	4.4.2 Force d'arrachement du trou traversant non métallisé
	4.4.3 Force d'arrachement du trou traversant métallisé
	4.4.4 Force d'arrachement de la plage de l'impression de la pastille
	4.4.5 Adhésivité de la feuille métallisée
	4.4.6 Adhésivité de l'épargne de brasure et de la marque de symbole
	4.4.7 Dureté de la couche peinte (épargne de brasure et marque de symbole)

	4.5 Essais d'environnement
	4.5.1 Généralités
	4.5.2 Choc thermique en phase vapeur
	4.5.3 Essais d'immersion à haute température
	4.5.4 Résistance à l'humidité

	4.6 Essai mécanique – Résistance à la migration
	4.6.1 Généralités
	4.6.2 Equipement
	4.6.3 Spécimen
	4.6.4 Condition d'essai


	5 Inspection d'expédition
	5.1 Généralités
	5.2 Essai électrique
	5.2.1 Généralités
	5.2.2 Essai de caractéristique du conducteur non connectée à un composant intégré
	5.2.3 Essai sur la caractéristique ayant un composant passif et une caractéristique de conducteur
	5.2.4 Essai d'un circuit ayant à la fois un ou plusieurs composants actifs et une caractéristique de conducteur
	5.2.5 Essai d'un circuit ayant des connexions provenant à la fois d'un ou de plusieurs composants passifs individuels et une caractéristique de conducteur
	5.2.6 Essai d'un circuit ayant un composant intégré qui ne peut pas être vérifié depuis la surface et une caractéristique de conducteur

	5.3 Essai transparent interne
	5.4 Essai visuel

	Annexe A (informative) Méthodes d'essai associées
	Bibliographie
	Figures 
	Figure 1 – Eléments de mesure de la structure d'un trou traversant en microsection 
	Figure 2 – Eléments de mesure de la structure d'une carte en microsection avec appareil intégré dans une couche d'intégration
	Figure 3 – Mesure de la dimension de la pastille
	Figure 4 – Mesure de la pastille intégrée
	Figure 5 – Mesure de la résistance du conducteur
	Figure 6 – Relation entre le courant, la largeur du conducteur, l'épaisseur du conducteur et l'augmentation de la température
	Figure 7 – Adhésivité de la couche métallisée
	Figure 8 – Outil à un tranchant
	Figure 9 – Cutter
	Figure 10 – Cutter à plusieurs tranchants 
	Figure 11 – Entretoise d'égale distance avec guide
	Figure 12 – Découpe au moyen d'un outil à un tranchant ou d'un cutter
	Figure 13 – Essai de quadrillage
	Figure 14 – Essai de dureté de la couche de revêtement
	Figure 15 – Cycles température et humidité
	Figure 16 – Carte avec appareil(s) intégré(s) pour l'inspection d'expédition
	Figure 17 – Construction de circuit type d'une carte avec appareil(s) intégré(s)
	Figure 18 – Exemples de niveaux d'évaluation de l'essai électrique
	Figure 19 – Construction de circuit non connecté à un composant intégré
	Figure 20 – Construction de circuit capable de vérification indépendante
	Figure 21 – Construction de circuit pour la connexion en parallèle de composants passifs
	Figure 22 – Construction de circuit pour la connexion en série de composants passifs
	Figure 23 – Construction de circuit de la diode intégrée
	Figure 24 – Construction de circuit du transistor
	Figure 25 – Construction de circuit d'une caractéristique de conducteur avec circuit imprimé et intégration à haute densité intégrés
	Figure 26 – Construction de circuit composé d'un composant passif et d'un composant actif
	Figure 27 – Construction de circuit de composants intégrés n'ayant pas de connexions de terminaux à la surface

	Tableaux 
	Tableau 1 – Eléments d'essai, caractéristiques et observations des spécimens en microsection
	Tableau 2 – Méthode d'essai de la coplanarité autour de l'impression de la pastille
	Tableau 3 – Caractéristiques et méthodes d'essai pour la résistance du conducteur
	Tableau 4 – Courant de tenue et méthodes d'essai
	Tableau 5 – Tension de tenue et méthodes d'essai
	Tableau 6 – Critères et méthodes d'essai pour la résistance d'isolation
	Tableau 7 – Caractéristiques et méthode d'essai pour la force d'arrachement du conducteur
	Tableau 8 – Dimensions de la pastille, du trou et du conducteur
	Tableau 9 – Caractéristiques et méthodes d'essai pour la force d'arrachement du trou traversant métallisé
	Tableau 10 – Spécifications et méthode d'essai pour la force d'arrachement de la plage de l'impression de la pastille
	Tableau 11 – Caractéristiques de hautes et basses températures et essais
	Tableau 12– Caractéristiques et méthodes d'essai pour le choc thermique
	Tableau 13 – Choc thermique (essais d'immersion à haute température)
	Tableau 14 – Environnement de mesure
	Tableau 15 – Choc thermique (essais d'immersion à haute température)
	Tableau 16 – Caractéristiques et méthodes d'essai pour la résistance à l'humidité
	Tableau 17 – Caractéristiques et méthodes d'essai pour la résistance à la migration
	Tableau 18 – Eléments applicables pour l'inspection d'expédition
	Tableau A.1 – Méthodes d'essai associées





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




