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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED BOARD ASSEMBLIES -

Part 9: Electrochemical reliability and ionic contamination on

printed circuit board assemblies for use in automotive applications —

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization com

all
co-

in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
Pullicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC “Publication(s)”)

pre
ma

with) the IEC also participate in this preparation. IEC collaborates closely with/the.International Organiza

Sta

2) Thqg formal decisions or agreements of IEC on technical matters express{.as nearly as possible, an interr
conisensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

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

4) In

trarjsparently to the maximum extent possible in theignational and regional publications. Any divergence b
any| IEC Publication and the corresponding national*or regional publication shall be clearly indicated in th{

5) IEQ itself does not provide any attestation ,of;Conformity. Independent certification bodies provide con

ass
ser
6) Al

7) No
me
oth

explenses arising out of ithe. publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

8) Attgntion is drawn to\the Normative references cited in this publication. Use of the referenced publica

indi

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

IECT
techn

Best practices

FOREWORD

ational electrotechnical committees (IEC National Committees). The object of IEC is to prompte intern
bperation on all questions concerning standardization in the electrical and electronic fields. To this €&

baration is entrusted to technical committees; any IEC National Committee interesSted in the subject de|
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement between the two organiza

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

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

liability shall attach to IEC ornits-directors, employees, servants or agents including individual expe|
nbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal feqg

[spensable for.theé.correct application of this publication.

R 61191-9 has been prepared by IEC technical committee 91: Electronics ass

prising
ational
nd and
eports,
Their
alt with
liaising
tion for
ions.

ational
rom all

ational
of IEC
or any

cations
etween
b latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

patent

embly

plogy. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

91/1811/DTR 91/1825A/RVDTR

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

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 61191 series, published under the general title Printed board
assemblies, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this)document indicates that it
contpins colours which are considered to be useful for the{correct understanding 9f its
contents. Users should therefore print this document using-a colour printer.
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INTRODUCTION

The document applies to electronic and electromechanical automotive circuit board assemblies.
It describes current best practices for dealing with electrochemical reactions like migration or
corrosion and ionic contamination on the surface of a printed circuit board as one failure mode
under humidity load.

This document is an informative document which serves to illustrate the technically feasible
options and provide a basis for customer and supplier agreements. It is not intended to be
regarded as a specification or standard.

Relat¢d standards are gathered in the Bibliography.
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PRINTED BOARD ASSEMBLIES -

Part 9: Electrochemical reliability and ionic contamination on

2023

printed circuit board assemblies for use in automotive applications —

1 S

Best practices

cope

This gart of IEC 61191, which is a Technical Report, applies to electronic and electroniech
autonjotive circuit board assemblies and describes current best practices for @ealing

electr

bchemical reactions like migration or corrosion and ionic contamination oriCthe surf

a circliit board as one failure mode under humidity load. This document deals with the eval

of ma
focus

ferials and manufacturing processes for the manufacturing of electronic assemblie
on their reliability under humidity loads. The electrical operation of\a device in a

envirgnment can trigger electrochemical reactions that can lead to short circuitg

malfu
menti
growt
(surfa

nctions on the assembly. In this context, a large number .of terms and method

n, cathodic migration, ROSE (resistivity of solvent exttact), ionic contamination

differgntly. The aim of the document is to achieve a uniform use of language and to li
possililities and limitations of common measurement méthods. The focus of the documlent is
on th¢ error pattern of electrochemical migration on{the surface of assemblies with ca

forma

Evalu

ion of dendrites.

btion of different test methods of controlafrits under high humidity load are not part

document.

2 N

lormative references

The fgllowing documents are referred to in the text in such a way that some or all of theirc
constitutes requirements of this document. For dated references, only the edition cited ap
For yndated referencesy the latest edition of the referenced document (including

amen

IEC 6

iments) applies.

D194-1, Printed boards design, manufacture and assembly — Vocabulary — P|

Common usage.in-printed board and electronic assembly technologies

IEC 6
Com

D194-2; Printed boards design, manufacture and assembly — Vocabulary — P|
en_usage in electronic technologies as well as printed board and electronic ass

anical
) with
hce of
Jation
5 with
humid

and
s are

bned, such as CAF (conductive anodic filament), anodic migration phenomena, dendrite

, SIR

e insulation resistance), impedance spectroscopy, eté., 'which are used and interpreted

st the

hodic

pf this

bntent
plies.
) any

art 1:

art 2:
embly

technotogres

3 T

erms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC 60194-1, IEC 60194-2
and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following

addre

e |E
e |S

Sses:

C Electropedia: available at https://www.electropedia.org/

O Online browsing platform: available at https://www.iso.org/obp
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31 Terms and definitions related to management

3.11

design authority

individual, organization, company, contractually designated authority, or agency responsible for
the design of electrical/electronic hardware, having the authority to define variations or
restrictions to the requirements of applicable standards, i.e., the originator/custodian of the
applicable design standard and the approved or controlled documentation

3.1.2
manufacturer

indiviwwmmmwmcation
operations

3.1.3
prodyction part approval process
PPAP
proceflure in accordance to IATF 16949 [1] to regulate the sample submission process within
the sypply chain, primarily used for the series release of new parts

Note 1[to entry: The main objective of the procedure is the regulated start-up assurance with regard to quality and
quantity of mass production.

3.1.4
user
individual, organization, company, or agency responsible for the procurement of
electr|cal/electronic hardware and having the authority to define any variation or restrictipns to
requirfements

EXAMRLE Originator/custodian of the contract detailing\the requirements.
3.2 |Technical terms and definitions

3.21
conductive anodic filament
CAF
migration which occurs along(the monofilament of reinforcing material such as glass cloth in an
inner Jayer part of a printed‘wiring board

3.2.2
no-cl¢an
produced with a)no-clean solder material and optimized process parameters throughopt the
entire| process c¢hain (e.g. design, printing, soldering), for which flux residues are usually not
criticgl and-removal of these residues is not necessary

Note 1|toentry: There could be additional requirements of customers.

3.2.3

resistivity of solvent extract

ROSE

analytical method to determine the integral contamination load on a CB or CBA causing
electrical conductivity

3.2.4

surface insulation resistance

SIR

electrical resistance of an insulating material between a pair of contacts, conductors or
grounding devices in various combinations, which is determined under specified environmental
and electrical conditions
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Abbreviated terms
assembly and interconnect technology
anodic migration phenomena
circuit board
circuit board assembly
ter deionized water
electrochemical migration
electronic control unit (CBA with housing)

2023

IC
ICont
iSn
OSP
PB

PBA

PCB

PCBA

SMD
SMT
THR
THT
WOA

4 F

4.1

The {4
metal
the arj

ToT billunlaiuglapily

ionic contamination

immersion tin

organic surface protection

printed circuit board (bare board as delivered by PB manufacturer)

Note 1 to entry: This abbreviated term is not preferred.

printed circuit board assembly (unit without housing)

Note 1 to entry: This abbreviated term is not preferred.

printed circuit board (bare board as delivered by £B manufacturer)

Note 1 to entry: This abbreviated term is not preferred:

printed circuit board assembly (populated €B without housing)

Note 1 to entry: This abbreviated term is not preferred.
surface mounted devices

surface mounting technology

through hole reflow

through hole technology

weak organic acid

pilure mode electrochemical migration

Background of electrochemical migration

lectrochemical migration on electronic assemblies is understood as the migrat
icdons such as Ag, Cu, Sn, Ni in a water film on the assembly. The ions are relea
ode (the positive pole of the assembly. e.g. terminal 30), migrate by a diffusion cont

on of
sed at
rolled

mechanism in the water film to the cathode (the negative pole, e.g. ground, GND) and are
deposited there again by reduction with dendrite formation (electrocrystallisation). The dendrite
can then grow back towards the anode and create an electrical short circuit. This process can
only take place if there is a closed water film between the anode and cathode and if there is a
corresponding potential difference. The electrolysis of water always occurs as a reaction, so
that a local change in the pH value take place. This can trigger further reactions (e.g. hydrolysis
of materials or the formation of poorly soluble metal salts). The processes are shown in Figure 1.
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The p
to af

) ) . Deposition of metal
Waterfilm (adsorption, dewing) formation of dendrite

Dissolution of metal (formation of ions)
migration through media

00 o L]

Anode Cathode ‘

PCB

Anode: 6H,0 — O, 1 + 4H30" + 4e- (turns acidic)
Cu — Cu2* + 2e-

Cathode: 4H,0 + 4e” — 2H, 1 + 40H- (turns alkaline)

Cu2* +2e-— Cu
IEC

Figure 1 — Principal reaction mechanism of ECM

rocess of electrochemical migration itself is fast. Dendrite growth-occurs within se
ew minutes if a sufficiently thick (> 50 ym) water film (e.g. droplet formation by

condgnsation) is formed on the assembly. Thus, electrochemical/migration is not an 4

effect

of materials, but is triggered by the event of direct condensation. Classical lifetimg

canndt therefore be applied. With very thin closed water filmsi(s 70 % rH with few mol
layerd, < 50 nm thickness), this process is significantly slowed down for molecular-stry

reaso

There

NS.

ffore, ECM is only found if a sufficient amount{of water is present locally at a g

elemgnt having a potential difference (> 1,5 V), It)is also visualized that small deviati

mater

ECM.
problgm that a failure prognosis based on widely used Peck or Lawson models regarding
is not
follow]an ageing law.

al or processing properties can drastically,change the criticality of the system concg
The principal dependencies were presghted on [2]" (Figure 2). It illustrates very w

conds
direct
geing
b laws
scular
ctural

esign
bNS in
Brning
el the
ECM

possible due to uncertainty of surface conditions and the fact that dewing events do not

IEC

£ Degades 2100
o b @
0] rqcess 8 « More sensitive
g Years variance o * More active free ions
= s
3
Mpnths Q
Days [« i
/ « Less sensitive
] 6 Water « Less active free ions
erutes Water
70 85 100 70 a5 1004
Relative humidity, rH (%) \
Relative humidity, rH (%)
See [2].

1

Figure 2 — Uncertainty in local conditions determines ECM failures

Numbers in square brackets refer to the Bibliography.
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The ECM error pattern can also occur with a time delay due to decomposition reactions or
diffusion processes. For example, ECM defects below a solder resist or within a conformal
coating only occur after sufficient saturation of the materials with water but are significantly
delayed by the slow diffusion processes within a polymer. Slow material decompositions (e.qg.
hydrolysis of polymers by the local change of the pH-value) with an accompanying change of
their function (e.g. loss of the insulating effect of a solder resist) also belong to this group. In
these cases, ECM will only occur after extended periods of exposure to moisture (weeks to
months in high humidity tests). Those findings are illustrated in Figure 3. For degradation or
diffusion processes as rate determining step complex, models for failure prognosis could be
derived in contrast to the condensation case. However, those models are merely system specific
and cannot be transferred to different constructions and materials.

Degradation of = AR7
soldermask Cfm L e ; 3 £ ECM by
follcwed by ECM REL dewing
TTF > 500 h - i /2 g TTF = seconds
: ‘ & or never

- Surface insula (SIR) at QFP0,4
- Dendrite growth in miniaturized area

Dif‘usion within \ i Cleaned PCBA, but dendrites on o

. surface by direct dewing (K15a)
coating followed

by ECM - o w O™ ' Ecwmby
TTF 100 h - 500 h : ¥ ol L) (g b dewing
B allle 4o . vl T Sei, TTF=seconds

O or never

Dendrites by material . - - - -
interaction / diffusion = Ideal” Sn-dendrite growing

from cathode (-) to anode ()

See [3]
NOTE | Same failure mode but different reasons,

Figure 3 — Occurrence of ECM failures during humidity tests

In all fests and evaluations of assemblies operated in humid environment, it needs to be njinded
that Humidity can only be accelerated to a limited extent. An acceleration factor cannot be
derivgd in most cases. It heeds always to be noted that the failure mechanism is not changed
by any test condition ar'acceleration approaches in a way that will not appear in the intgnded
end-uge environment of the product. IEC 60068-3-4:2001 [4] already clearly emphasiz¢gs this

4.2
The ¢ Its occuilrence
depe on ous a e shown in thg NN -digaram aure —The ptto

summarize the complex relationships in a single, easily accessible measured quantity, such as
only the reduction of ionic contamination, was therefore incorrect and is a frequent cause of
misinterpretations.
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br to understand the error pattern of electrochemicaldnigration in its totality, the 3 foll
nfluencing factors need to be analyzed and understood in more detail.
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4.3

Conductive anodic filament (CAF) and anodic migration phenomena (AMP)

CAF and AMP belong to degradation mechanisms in CBs that are also triggered by
electrochemical processes. In both cases, dendrite-like structures occur, but unlike classical

dendr

ite growth, they propagate from the anode toward the cathode and cons

ist of

semiconducting salts. In the CAF failure case, the electrochemical degradation mechanism
occurs preferentially along the glass fibre in the epoxy glass fibre composite of a printed circuit

board
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In the AMP failure case, the electrochemical degradation mechanism occurs preferentially in
HV application in the bulk phase of polymers such as the solder mask. In both cases, these are
slow processes with material degradation that can be captured by classical lifetime model
approaches. Typical occurrence is shown in Figure 5. The mechanisms, analytical methods, or
derivation of lifetime laws for CAF and AMP are not discussed in detail in this document. Details
are given in [8] and [9].

See [8]

4.4
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a) CAF in base material QQ b) AMP in solder mask
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Figure 5 — Occurre@se\ of CAF and AMP
&
Creep corrosion $
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ition to classical electrochemi ﬁ}igration with dendrite growth, another contamin
d failure mechanism is creep.corrosion (Figure 6). Creep corrosion primarily re
ptible metallization or final@iﬁshes. Ag is the most susceptible, followed by Cu and
ire film, well below the@mg point, is enough to trigger the slow corrosion mechg
cal humidity is already reached at 60 % to 70 % rH. In addition, corrosive gases sU
en oxides (NO,), l@ and CO, tend to dissolve in the moisture film and promote

btion by loweri e necessary so-called Gibbs energy. Contamination by atmos
hnts such a « or NO, as well as sulfur-containing substances from flux res

ially from ral doping of rosin, can cause creep corrosion. In very rare cases,
minatio m the manufacturing process of epoxy materials for CB fabrication also ¢
corr of the base copper. Creep corrosion is a slow degradation mechanism th
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Figure 6 — Creep corrosion caused by corrosive gases

5 EJectrochemical migration and relevance of ioni¢c.contamination

5.1 |General aspects

The pfresence of free ions and also critical ions such as halides or WOA on an assembly can
incredse the risk of electrochemical migration.On the other hand, the use of substancegs and
materjals with technical quality and thus with,gertain ionic loads is typical for the industry, which
does hot lead to ECM failures per se. The\ionic contamination and its measurement method
need therefore to be considered in a diffetentiated way.

5.2 |Background of ionic contamination measurement

In order to understand the importance of ionic contamination measurement and their limitgtions,
it is important to know their. historical origin. This is described in detail in IPC-5703:2013 [13],
Chapfer 7, and IPC-TP-1113 [14]. The methodology and conclusions date back to a time[when
soldefing was still dohé" with rosin and ammonium chloride or ammonium bromide.|Such
assemblies had to be)washed to ensure that these highly corrosive substances were pafely
remojyed. To monitor the cleaning results, these assemblies were rinsed again with an
isoprgpanol-water- mixture after the washing process and the conductivity of this wgshing
solutipn was-determined. In this context, the method ROSE (resistivity of solvent extract) was
develpped: The conductivity of the solution is converted into a NaCl-equivalent: to this end, the
(hypothétical) amount of NaCl on the surface of the assembly, which, upon dissolving, would
resultlinnthe measured resistivity is calculated The measurement result_as expressed by the
NaCl equivalent does not indicate that NaCl is actually measured/present on the surface of the
assembly. The measured value rather represents the conductivity resulting from the multitude
of all ions that can be washed off an assembly by the selected solvent mixture. The correlation
to the electrochemical reliability of the assembly can be established by providing objective
evidence that a given assembly with a certain amount of soluble ionic contaminants on the
surface and with the given layout can be operated safely in a given end-use environment.

The ROSE method was then used as a standard method to check the cleaning process and
measurement results were tracked in control charts. Since this is a process control, the absolute
measurement values have limited significance and the ROSE method itself was never specified
exactly. Different solvent mixtures and analyzers are in use and this does not cause any issues
as long as the measuring conditions for a given product remain unchanged. The absolute
measurement ROSE values are not important as long as selected measurement conditions are
applied unchanged and only changes in the process are observed. Due to a series of
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unfortunate circumstances, however, a requirement of 1,56 pyg/cm?2 NaCl equivalent after a
cleaning process was included in military (e.g. MIL-STD-2000A [15]) and commercial (e.g.
IPC-J-STD-001 [5]) standards, However, this value was never correlated with the reliability of
assemblies in different end-user environment. In addition, more analysers came on the market
over time, local measurement methods for ionic contamination were developed and the method
of ion chromatography became more widely used, which led to repeated and controversial
discussions about absolute values of the different measurement methods. The IPC reacted to
this in 2017 and clarified that a single measurement value such as ROSE < 1,56 ug/cm? is
obsolete and does not represent general product reliability (see [7]).

The processes for measuring ionic contamination by ROSE and ion chromatography are shown
schenraticatty imFigure 7—Theeffects of thedifferentextractiom methods—arehightightad. By
chande, ion chromatography has established itself as a worldwide, largely uniform procedure
with |so-called "bag extraction" at 80°C, for 1h and a solvent _mixtune of
75 Vol % 2-propanol/25 Vol % DIl-water. For measured values based on ion chromatography, a
certaih comparability of numerical values is therefore possible. But also for a diseussion jabout
absolyite values based on ion chromatography, the correlation to reliability “tests and field
exper|ences is necessary.

> NaCl-equivalent (ug/cm?)

¢ Measurement of specific conductivity in
the solvent

« All dissolved ieni€ species contribute
« Recalculation of'\uS/cm in NaCl-equivalent

> Extraction of PCBA in water/alcohol

« concentration or dissolved ions
Cions = f(T, t, solvent, agitations ...)

e This step determines the result

PCBA ol
[step 1| e (] 7] = [step2 |
> Extraction methods not unique > lon'chromatography (ug/cm?)
« Historical: a few seconds rinsing in 75/25 ¢ Separation into single ions
0, o,
vol% IPS/water at 25 °C » Detection by conductivity
« "GLP": 1h, 75/25 vol% IPA/water, 80 °C >

« Okay, if ROSE is understood as process
control tool or for inter comparison studies

To Buffer A Buffer B [

——

> Column!
F CHZL, O Detector
Mixing ¢

NOTE | Measurement based on.extraction as a first step followed by a measurement in the extract as secopd step
(see [1P]).

IEC

Figure 7 — lonic contamination measurement

easuringymethods for ionic contamination measurement are described in the follpwing

th - ed on
75 Vol % 2-propanol/25 Vol % Dl-water or 50 Vol % 2-propanol/50 Vol % DlI-water are
allowed.

— IPC-TM-650, method 2.3.25.1, [18] describes the ROSE measurement only for CBs; the
analysis can be done by bag-extraction and conductivity measurement, but also by
automatic ROSE testers. Only the solvent mixture of 75 Vol % 2-propanol/25 Vol % Dl-water
is allowed.

— IPC-TM-650, method 2.3.26A [19] and method 2.3.26.1A [20], originally described the static
and dynamic ROSE measurement methods respectively. These measurement methods will
be no longer be referenced, as their contents have now been incorporated into IPC-TM 650,
2.3.25D [17].

— IPC-TM-650, method 2.3.28B, [21] describes the measurement by ion chromatography and
lists 21 species to be measured. Preferably, the bag-extraction is carried out with 75 Vol %
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2-propanol/25 Vol % DIl-water at 80 °C and 1 h extraction time. Deviations from these
conditions are allowed, but only if agreed between user and manufacturer.

— IPC-TM-650, method 2.3.28.2, [22] describes the measurement by ion chromatography and
lists 17 species to be measured. The bag-extraction is fixed at 80 °C for 1 h, but only allows
the use of the solvent mixture 10 Vol % 2-propanol/90 Vol % Dl-water. This measuring
method will no longer be referenced, the contents of which have now been included in
IPC-TM-650, 2.3.28B [21].

In order to overcome the historic misunderstandings about the cleanliness of assemblies and
the associated term ROSE, the IEC produced IEC 61189-5-504:2020 [23], in which the term
ROSE was replaced by PICT. PICT stands for "process ionic contamination testing" to make
the origiralpurpose—ofthe—F easSHHeme rethod OF- a 2020 [23]
also gxplains two basic design options of ROSE testers. For this purpose, the terms "open loop
systefn" were introduced, which are called "dynamic method" in IPC documents, and’"¢losed
loop $ystem", which are called "static method" in IPC documents. These two fundamegntally
differg¢nt construction principles already have an influence on the absolute measured value as
NaCl pquivalent. Figure 8 illustrates the two principal operation modes of ROSE testers.|More
details on the operation modes and measurement system capability, “are provided in
IEC 6[1189-5-504:2020, 6.6 and Clause 7 [23].

e
B »
Pump o | Measur|ng
\ . Measuring cell
l | cell
RuL Sleay i

' Valve
switches from
run to clean

lon exchange
column

lon exchange

(-} column , ‘lj.
IEC IEC

a) - Closed loop b) Open loop

NOTE | Operation mode influences the measured value of NaCl equivalent (see [23]).

Figure 8 — Principal operation mode (fluid flow) of ROSE

Readings of NaCl equivalent derived by other methods or with different testers, available on
the market, cannot be compared. Comparison is not possible as the way of extraction is different
in all testers (solvent, agitation, time, heating). All attempts to do correlation studies or attempts
by using correction factors between different ROSE testers failed (IPC-TR-583:1995 [24]).

5.3 Restrictions and limitations of ionic contamination measurement for no-clean
assemblies

5.3.1 Factors determining the result

As described in 5.2, the selection of the extraction and measurement methods based on
automatic ROSE testers, bag extraction with dip-probe method or local extractions significantly
affect the measurement results for ionic contamination.
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5.3.2 Influence by solvent on measurement of no-clean assemblies

The effect of different solvent mixtures on the measured ROSE values of no-clean assemblies
is shown in Figure 9 and regarding bromide, as an example of an element from ion
chromatography, is shown in Figure 10.

Influence of process options on ROSE results

5
Engine exhaust control module (10 units each)
automatic ROSE tester (type CM22)
4 area 12 591 mm?2 (150 % rule as defined by IPC)
; Solvent 2-propanol (IPA) / DI-water ——

5 ﬁ
o
g 3
o) *
=]
©
=1 2
L
(7}
e =
o

1 —

2x reflow soldering
with SAC405, ROLO
0 I | I | solder paste;
Flux Type_a Type_b Type_a Type_b 1x selective soldering
o o with two different
Sofvent 50/50 vol% IPA/water 75125 vol% IPA/water fluxes (RELO, ROLO)
IEC
NOTE | The measurement alone does not predict reliability for'io-clean assemblies (see [16]).

Figure 9 — Effect of solvent composition on the obtained ROSE results
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NOTE The measurement alone does not predict reliability (see [16]).

Figure 10 — Effect of solvent composition on the obtained ion chromatography result
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It can be seen that the absolute values are significantly different for given assemblies from a
production batch if variations in the measurement methods (here: solvent composition) are
considered. Therefore, the absolute value alone cannot give an indication of the reliability of
the assembly in the end-user environment. The significant differences here are only due to the
measurement method, the solvent mixture selected and its destructive effect on materials (e.g.
resin matrix). The link to a moisture robustness of the product is missing and needs therefore
to be provided separately for an evaluation of the product reliability.

Figure 11 provides another example showing the influence of the solvent mixture on the
measurement result of the ionic contamination. Therefore, there are always discussions about
which of the commonly used solvent mixtures, such as 75 vol % 2-propanol/25 vol % DIl-water
or 50 S S : i - - i

meas
ROSH testers. It has not yet been possible to find a binding and uniform extraction~met
experf groups for ROSE measurements. Depending on the respective assembly or evjen its
variat|ons, however, very different measurement results can be generated.

The measurement curves listed in Figure 11 which were obtained from.an automatic ROSE
tester| from CBAs following the no-clean approach, clearly illustrateDthe facts desgribed.
Compjarative measurements in both solutions were carried out on CBAs with different, s|ightly
modifled assembly variants and three different solder mask coatings (with different colours).
The agsembly contained a usual mixture of different electronic components, for example s¢veral
LEDs| an SMT connector and about 30 chip components. [th\is”clearly visible that therg is a
significant dependence on the solvent mixture ratio, butcalso on assembly variations and
differgnt colours of the solder resist, both in the curve ptogression and in the maximum|value
of the|ionic contamination.

D

Thereffore, it is very important to basically performrall investigations (qualification, validation,
serieq analysis) with a constant solvent ratio i@,the ROSE test in order to obtain comparable
measyirement results. A comparison of absolute ROSE values from different ROSE testefs and
thus dlso extraction conditions, is not possible.
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Assembly — reference — black solder mask
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Figure 11 — Comparison oftROSE values with different solvent
mixtures and material variations of the CBA
5.3.3 Influence of extraction.time on measurement of no-clean assemblies
Figure 11 and Figure 7 reveal that the extraction time in a ROSE analyzer can have an influence
on thg amount of dissolved ionic constituents and thus on the measured value. For exanlple, a
lack gf temperature conipensation or the absorption of CO, from the air in the organic splvent
in a ROSE tester canlead to a continuous increase in electrical conductivity [25]. In addition,
the use of an organic solvent results in continuous leaching of ionic constituents from the
assembly, whichhwould not occur in this manner under an aqueous moisture load on the pfoduct

assembly This cannot be achleved for the transfer of the method to no-clean CBAs in most
cases. However, since the greatest change in the measurement of electrical conductivity in the
ROSE measurement occurs at the beginning and critical, free ionic residues are detected within
a few minutes, the ROSE measurement is nevertheless suitable for characterizing ionic species
on assemblies. For this purpose, according to the specifications of the instrument manufacturer,
the measurement is stopped after a fixed time and the measured value then obtained is
documented. Typically, a measurement time of 15 min is adopted for no-clean assemblies.
Prolonged exposure time needs to be prevented due to secondary effects. In the context of
validation or continuous process control, this fixed measurement time in a ROSE tester needs
to be kept constant and documented in order to obtain comparable measurement results.
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Influence by assembly and interconnect technology on measurement of no-

clean assemblies

The absolute values are also depending on the assembly and interconnect technology used.
Typical values of ROSE measurements are shown in Figure 12. Variations are seen depending
on the materials and processes used as well as on the population density of the product. All
shown product examples passed active humidity tests and are working properly in the intended
end-use environment.

lonic contamination for different non-clean products and processes by ROSE

NOTE
jonic ¢

In Fig
scatte
additi
The nj
reacti
solub
scatt
2-Pro
matrix
place

Effect by Effect by different Effect by Effect by
__ 6 solderpaste population density | selective flux selective flux
NE variation El
S 5
2
€ 4 |
)
g
5 3 —
o
¥ =
o 2
Q ==
pd

- == o ==
N q o 9 <o N <
PO N P G G NP RN
Q Q < o/ N % o7
N NY% ) ./ N ) N N
9 O NG N »© O S
< < < DV o8
N7/ S/
Q Q Neld Q/O Q Q/O
Ngs N

IEC

All products are working properly in the intended end-use environment. Even with ROLO or RELO m4g
ntaminations occur (see [3]).

Figure 12 — Variation in.ROSE values depending on technology used

ure 9 to Figure 12, scattering in ROSE data and ion chromatography are seen

bn, the solvent typically based on 2-Pronal/water is destructive for a no-clean assg
aterials on CBAgthat are explicitly designed for use in humid environment and by
Ve constituents((e-g. tin-ions, residues from weak organic acids) are immobilized b
e in alcohol. And this take place in a random way, so that even for identical parts a s
ring in repetitions can be measured. Figure 13 shows the destructive effect
banol/water mixture on the resin matrix of modern no-clean SMT solder pastes. Theg
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inchigh humid conditions as shown from long-term SIR-tests.
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The destructive action determines the result of the ionic contamination‘nfeasurement. The REM image
he crack formation of the resin after contact with 2-Propanol/DI-water.

Figure 13 — Destructive action of solvent on resin matrix

mbrittlement and crack formation of the resin*matrix does not take place in humi

clearly

d test

ions as shown from long-term SIR-tests (Figure 14). The contact with alcohol dog¢s not
simulate the behaviour of the resin in a humijd-énd-use environment.
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Resin with 15 min contact to solvent
(50 vol% IPA / 50 vol% water)

SMD resin after 1 168 h SIR
test at 40 °C, 92 % r.h. and

after damp heat cyclic test:

Resin matrix remains stable
and no critical ECM finding

IEC

The resin matrix remains stable under moisture load (see [3]).

Figure 14 — Comparison of the resin change

The destructive action of the resin residues on the CBA take place in a random way. ROSE
values are high if flaking or chipping is seen after the test, but ROSE values are lower if the
resin adheres at the solder joint. This correlation is shown in Figure 15.
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The degree of chipping determines the result in ionic contamination (see [16]).

Figure 15 — Destructive action of solvent on resin matrix and chipping effect

2023

To summarize, absolute values of ionic contamination)derived from any extraction method
d on the extraction conditions, the materials and processes used as well as the anplyser

deper
types

evidenhce of the robust operation of the assembly in the end-use environment is mandator

uses {

The measurement of ionic contamination .alone does not predict reliability. Obj

he following description for this context5]: "The use of extraction testing, i.e., ROS

ective
V. IPC
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in ion
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acturing process (see IPC-WP-0197]). Supporting objective evidence shall [N1D2L
ata and/or other documentation *demonstrating that the performance of the
are is not adversely affected under conditions anticipated in the service environme

"[N1D2D3]” means that no requirement has been established for Class 1, Defect Classes 2 and 3.
lon chromatography of no-clean assemblies CBA

ay of extraction'method also affects the results obtained by ion chromatography. Ho

chromatography, a worldwide uniform practice has been established in whi
tion for 1 h'at 80 °C in 75 Vol % 2-Propanol/25 Vol % DIl-water is performed. Me3
5 obtained,in this way, thus, allow a certain degree of comparability, although even
atography the measured values themselves do not initially allow an adequate stat
made’ about reliability. The same factors of influence that are shown for ROSE

D3] be
actual
nt".

wever,
ch an
sured
in ion
ement
£, like

als-used, the way of processing or population density, will also influence the ab

solute

values obtained. In ion chromatography, too, objective evidence needs to be provided to show
that products with given set of ionic residues can be operated without electrochemical failures

in the

end-use environment.

The advantage of ion chromatography is that the ions found can be used to assign their origin
in many cases (Table 1). Furthermore, ion chromatography is a good tool for failure analysis.
Significant deviations in the ionic composition measured from a product can be found by ion
chromatography if compared with the ionic load (fingerprint) typical for the respective product.
This can be an indication of a material or process deviation.

Table 2 shows an example of a product-specific fingerprint of an assembly from a no-clean

produ

ction process shown in Figure 16.
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The values in Table 2 have been normalized to avoid generalization of absolute values to all
product types, in this case on Bromide level.

The origin of all ions can be explained, and they do not deviate significantly from similar product
classes from the manufacturer. For this product, objective evidence has been provided by
passing validation tests in humid climate and experience during mass production. The
manufacturing state is documented by this unique fingerprint within its process related data
scattering.
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Table 1 — List of ions based on IPC-TM650, 2.3.28 [21]
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Recommen- Recommen-
lons Source ? Rating dation for dation for
trouble shooting fingerprint
Handling, rinsing, cleaning flux Typically only found after wrong
Chloride 2 ’ ’ handling or rinsing (tab water); CB
contamination s o
critical if significantly present
Etching processes, iSn Typically relatively low values
b
Sulfate electrolyte, flame retardant due to solvent cB
Flame-retardant from high Tg-
base materials is nowadays not
significantly found; Br is
Bromige TBBA—SMTsetderpasteFu releasedfrom-SMIresirbythe—GBGBA GCB—GBA
solvent and not critical for
ROLO or RELO materials;
critical if from cleaning flux
Nitrite] Not present, infrequent flux Typically not found CBA
Nitrate Process.chemlcals, cleaning Typically not found CBA X
agents, infrequent flux
iSn-Antitarnish, cleaning agent; Indication of lifetime problems
Phosghate | £\ig ENIPG in NiAu process %
Fluorifle | PTFE or similar, flux Typically not found; only from AJ%q
’ PTFE-based substrates
Actetdte Solder mask Can point on insufficiently\eured CB CB
solder mask
Formigte Solder mask See Acetate CB
Methan- I . .
sulfonjate iSn-electrolyte Dﬂa?lfegaelieedféi:arelatlvely high CB CB
(MSAJP
Citrate iSn-electrolyte iSn electrolyte; infrequent found
Succipate Solder mask, flux CB, CBA
Malat¢ Flux CBA
Glutafjate? | Flux CBA
Adipate Flux CBA
Phthalate Packing material Typically not found
Sodium Etching process, handling Typically fc_)und in low CB
concentration
Cleaning agentss Amine-based . .
Ammdnia chemicals fromiithe solder mask; Felatlvely high values can be CBA CBA
. : ound
antitarnish,_flux
K itself on low level; but
Etching-process; Interference separation from Ammonia and
Potasgium® | withtAmine-based components; Amines quite often difficult so CB
flame retardant that apparent high K values are
reported
. ) . . If CBA|is
Magnégsium, | Water source, solder mask filler Low values if DI-water is used CB cleaned
Calcium Water source, solder mask Low values if DI-water is used cB If CBA is
cleaned
Lithium Typically not found

CB (state of delivery from supplier); CBA (assembly after all soldering processes without housing)

a8 Origin of ions is indicated based on modern high Tg base materials, solder masks and final finishes used in
the automotive industry.

Depending on electrolyte and process (high variance).

¢ Depending on solder mask, final finish and IC-analyzers; in most cases not K-ions.
d  IPC-TM650, 2.3.28, mentioned Glutamate, which is probably a mistake.
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Table 2 - Fingerprint after ion chromatography of
no-clean assembly shown in Figure 16

SMT+THT Comment
Analysis (bag extraction) SMT (incl. (LDL: lowest
1h, 80 °C, 75 Vol % 2-Propanol only connecto det " A
") etection limit)
Factor 2 can be seen in
2
Surface / cm#|218 434 result
Fluoride < LDL < LDL Not present
Chloride 3,6 % 1,2 % At LDL
o o 1aA A o 7 oo Released from SMT
s AT A resin (activator)
Released from
lodide < LDL 392,3 % |connector
Anionsg (thermastabilizer
Nitrite < LDL <LDL Not\present
Nitrate < LDL < LDL Nob present
Phosphate < LDL < LDL Not present
Sulfate < LDL < LDD Not present
MSA < LDL <LDL Not present
Actetate 20,2 % g3 % Released from sqlder
mask
Adipate 10,7% 84,5 % Selective flux (WPA)
Citrate < LDL < LDL Not present
. Released from sqlder
0, 0,
WOAs Formiate 20,2 % 7,1 % mask
Malater o o Released from SMT
Suceinate 28,6 % 13,1% resin (WOA)
Oxalate < LDL < LDL Not present
Phthalate < LDL < LDL Not present
Propionate < LDL < LDL Not present
Ammonium 4.8 % 6,0 % At LDL
. Connector (Ca-S{earate
0, 0,
Calcium 8,3 % 13.1% as form release ggent)
Lithium < LDL < LDL Not present
Cationp Released from
Potassium < LDL 117,9 % |connector
(thermostabilizer
Magnesium |< LDL < LDL Not present
Sodium 6,0 % 6,0 % At LDL
ROSE as different method (normalized NaCl equivalent)
ROSE |(bdg extraction) 75/25 solvent [100 %  |166 % | \ncrease due to JHT
flux, connector
Higher than ROSE-bag
ROSE (analyzer) 50/50 solvent 247 % due to other solvent

Typical ions according to IPC-TM650,665 2.3.28 [21] are listed. Data are only valid product specifically and are
normalized on Bromide level.
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Figufe 16 — Assembly manufactured with 2x SMT and 1x THT process for the connector

5.4 Restrictions and limitations of lonic contamination measurement for cleaned
products

As explained in 5.3, the measurement result of the ionic contamination of no-clean assenbly is
clearly dependent on the measurement method. If, on the other‘hand, easily soluble regidues
are folund on the surface after washing, rinsing, or cleaning precésses of printed circuit boards
or aslsemblies, different ROSE testers and also different extraction methods can| give
comparable results. For these cases, the specification df’a target value can also be us¢ful in
order|to control a cleaning result. In the case of nd-clean technologies, in which prpcess
resides are deliberately left behind but immobilized, significantly different absolute vallies of
ionic gontamination needs always to be expected.due to the measurement method itself.

5.4.1 lonic contamination of unpopulated CBs (bare board, state of delivery)

The manufacture of CBs involves a sequence of chemical process steps. To ensur¢ that
residyes from these processes (e.g. etching, solder mask application, curing, final finishing) are
remoyed from the CB as far as possible, intensive rinsing processes needs to be carried out.
Intendive rinsing and cleaning ismandatory during CB manufacturing. For this reason, it is now
useful to set target values forthe cleaning performance in order to prevent undesirable regidues
from ¢hemical processes. Printed circuit board suppliers for the automotive industry are psked
to follow the instructions_that are given in IPC-5703 [13] for set-up of rinsing and clganing
equipment.

The measurement of ionic contamination is part of the CB supplier's process contfol as
described in the IPC-6012EA [26]. As part of the regular process monitoring, the control i done
at the|following”3 process gates on a daily basis:

— bdfore lamination process;

— before application of the solder mask;
— after final finishing.

The limit value of ionic contamination by ROSE according to IPC-TM650, method 2.3.25D, [17]
is 0,75ug/cm?2 NaCl equivalent [26].

The limit value of 0,75ug/cm?2 NaCl-equivalent after the final finish applies to surfaces with
immersion tin (iSn), immersion silver (iAg), organic surface protection (OSP) and the nickel-
gold or nickel-palladium-gold variants. As defects of ROSE testers during continuous
measurement of OSP-CBs were reported, an SPC based on CB samples before OSP application
in combination with continuous monitoring of the electrical conductivity of the final rinsing water
in the OSP-line is an acceptable option.
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In the case of leadfree hot air solder levelling (If-HASL) as final finish process, flux residues will
cause quite often higher ROSE values than 0,75 ug/cm2 NaCl-equivalent. These flux residues
from If-HASL processes are rated as critical for no-clean assemblies. There is no general limit
for this case. A ROSE value in the range between 0,75 ug/cm?2 to 1,00 pg/cm?2 NaCl-equivalent
is set for this case. A limit can be derived product specifically and needs to be agreed between
the design authority and the manufacturer.

The measured values are recorded in a statistical control chart with a Cpk = 1,33. Figure 17
shows an example of process monitoring from various CB suppliers using the immersion tin
(iSn) process. Robust processes are achieved as they are well below the limit value of

0,75pg/cm2 NaCl-equivalent.

1-year monitoring - standard ROSE (IPC-TM650, method 2.3.25)

£ 08 As defined by IPC-6012 DA (automotive addendum) 07e
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Robust|processes were achieved.

Figure 17/~ Comparison of SPC-charts from 1-year monitoring of
different CB suppliers and two different iSn final finish processes

The measuremeént of ionic contamination is more comprehensive as part of the production part
approlal process (PPAP). As part of the PPAP, subsequent measurements on unpopulated CBs
(state|of delivery from CB manufacturer) are carried out and documented:

— surface insulation resistance (QIR) see alsao Clause 6
— resistivity of solvent extract (ROSE and/or modified ROSE);
— ion chromatography as option.

Beside the standard ROSE test by automatic analyzers (IPC-TM650, method 2.3.25D [17]), a
modified ROSE can be applied for the PPAP, if agreed between design authority and
manufacturer. This method is based on IPC-TM650, method 2.3.25D.1 [18]. The extraction is
carried out by bag extraction with 1 h at 80 °C in a mixture of 75 Vol % 2-Propanol and 25 Vol %
deionized water. The measurement of the resistivity is subsequently done by dip probe method
or by pouring the extract into a calibrated automatic ROSE tester. As the extraction method is
drastically intensified, entrapped or absorbed process chemicals and insufficiently cured solder
mask can more easily be detected. The situation is shown in Figure 18. An aligned target value
as part of a process optimization in CB manufacturing is required between design authority and
manufacturer if use of modified ROSE (IPC-TM650, 2.3.25.1 [18]) is specified.
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lonic contamination of bare boards after final finishing
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for process optimization in CB manufacturing

Figure 18 — Differences in ROSE values for unpopulated CBs
depending on the extraction method

romatography needs only be carried out-for the PPAP and only if agreed between ¢
, [21] with an extraction time of 1 -hyat 80 °C in a mixture of 75 Vol % 2-Propanc

anufacturer. The current contents of IPC-5704:2009 [27] will no longer be valid fo

3 shows an example of typical fingerprints for bare CBs (after final rinsing, st
ry, high Tg base,;material) used in the automotive industry. The values in Table 3

for exdmple obtained during the PPAP, a root cause analysis needs to be perform

DSE as

esign
ethod

| and

hority
r CBs
ucted
efined

hte of

have
se on

re are

ed.


https://iecnorm.com/api/?name=a2b1aafc09b8d3cc1772a5e9d0546ed3

IEC TR 61191-9:2023 © IEC 2023

—-31-

Table 3 — Fingerprint after ion chromatography of bare CBs (state of delivery)

Analysis (bag extraction) fiiﬁra‘l 2::; (L%T_m[gilltst
o ) - -
1h, 80 °C, 75Vol % 2-Propanol finish finish detection limit)
Not present, if not
Fluoride < LDL < LDL PTFE similar base
material
Chloride 6,3 % 6,3 % At LDL
Bromide 6,3 % 6,3 % At LDL
. < LDL (but traces [from
lodide < LDL < LDL OSP possiblé)
Anionpg Nitrite < LDL < LDL Not present
Nitrate 6,3 % 6,3 % At LDL
Phosphate 25.0 % 12,5 % €leaning, antitarn|sh,
flame retardant
Etching processeg,
Sulfate 37,5 % 128 % sulfuric acid based
plating
MSA 187,5 % 18,8 % MSA based plating
Released from solder
0, 0,
Actetate 100,0 % 50,0 % mask: OSP process
Adipate < LDL < LDL Not present
Citrate 37,5 % 25,0 % From plating process
. Released from solder
0, 0,
WOA Formiate 18,8 % 50,0 % mask: OSP process
I\S/Ialat_e/ < LDL < LDL Not present
uccinate
Oxalate < LDL < LDL Not present
Phthalate < LDL < LDL Not present
Propionate < LDL < LDL Not present
Ammonium | 25.0 % 12.5 % Antitarnish, from gqolder
mask
Calcium 6,3 % 18,8 % Water source
Lithium < LDL < LDL Not present
Catiops ;
Potassium 37,5 % 12,5 % Lljte:rference with
mine
Magnesium | 6,3 % 6,3 % At LDL (water soufrce)
Sodium 250% | 25009 | Frocess electrolyts,
ranam g water-source
ROSE as different method (normalized NaCl equivalent)
75/25 o o Standard ROSE (IPC-
ROSE (Analyzer) solvent 100,0 % 100,0 % TM650, 2.3.25D [17])
. 75125 o o Modified ROSE (IPC-
ROSE (bag extraction) solvent 325,0 % 175,0 % TM650, 2.3.25.1 [18])

Bare CBs manufactured with final rinsing processes as state of the art. Typical ions according to IPC-TM650,
2.3.28, [21] are listed. Data are only valid product specifically (layout, solder mask process, plating process) and
are normalized on Acetate level.
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It is known that the remaining contamination level of bare CBs after state-of-the-art rinsing is
mainly caused by photo-initiators from the solder mask in combination with the final finish
process and that this level is additionally reduced by the first reflow step. Already a single reflow
soldering step without solder paste reduces this contamination load by evaporation and
degradation so that those residues will not remain on the assembly (Figure 19). Also this effect
needs to be considered for evaluation of CBs and CBAs based on ion chromatography data.
The change in contamination load by processes or adding new materials like a SMT solder
paste to the products complicates the evaluation of measurement data and also makes failure
analysis more difficult.

Influence on ROSE-value by reflow process - bare PCB

Series PCBs from different suppliers as delivered, no solder paste applied;
Significant drop in ROSE value due to post-cure of soldermask during reflow process.

08 As defined by IPC-6012 DA (automotive addendum)
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See [3]

Figure 19 — Reduction of ionic contamination on bare CBs (state of delivery from|CB
supplier) by leadfree reflow step without solder paste or components

It is a|so known that the layout of the CB has a significant influence on the ionic contamipation
level. |Extended undereut of the solder mask on base material or Copper or realization of $older
mask |defined pads: with formation of crevices can lead to entrapment of process chefnicals
which| are diffieult to rinse. Countermeasures are defined in an early design phase. If prpcess
technplogy in\EB manufacturing is used to achieve media-resistant adhesion of the solderfmask
to a ppd, solder mask defined pads provide a robust solution without bleeding effects of prpcess
chemicals:

5.4.2 lonic contamination of electronic and electromechanic components

Components in mold housings (e.g. QFP, QFN, BGA, DPAK, SOIC etc.) are not a common
source of ionic contamination. In rare cases of process failures during component
manufacturing, residues from the tin-electroplating of the leadframe can be found. Residues
from sulfate or methansulfonate are typical for such cases as well as calcium or magnesium
ions from insufficient cleaning processes.

Figure 20 shows the factor of influence for the assembly of B52-CBs [28]. Main source of ionic
contamination is the soldering process. The random sample of components for B52 assembly
does not show a significant increase in ionic load.
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lonic contamination by ROSE - Influence by components

2

lonic contamination:

ROSE (IPC-TM650, method 2.3.25)

Bag extraction: 80 °C, 1 h, 75/25 vol% IPA/water
1,5

Bare B52-PCB: high Tg-basematerial from 4 different
PCB suppliers with soldermask (after reflow)

SMD components: mixture of components as used
for B52-PCB without connector

'
t
)
n
-
D

and If-reflowprofile

ROSE|value (ug/cm?)

0,5
= ==
0 N
1_bare_PCB 2_SMD_component 3\@assembled_PCBA
Factor
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Figure 20 — Influence of components on the ionic contamination based on B52-standard

Howeyer, due to the package form and increasing/use of "leadless components" (bottom
terminated components), mounting on the CB Jcan create a risk with regard to |[ECM.
Comppnents such as QFNs, QFPs with ePad, BGAs and SMD electrolytic capacitors can hinder
the dg¢activation of flux residues or the outgassing of flux components due to their "lid effect".
A low]| stand-off of such components can hinder the efficiency of cleaning processes, sp that
reactipe flux residues (WOA) increasingly remain as residue. The special feature df this
packz}ge shape with lid effect needs to.be evaluated in the context of electrochemical relipbility

invesfigations, for example in SIR tests (Clause 7).

MLC(s are also subject of ¢leaning processes and are not a significant source of| ionic
contamination. However, in_active tests in humid environment, quite often white residugs are
formed on the ceramic body. This is due to the hydrophilic nature of the ceramic and thqg ease
of formation of a closed-water film on the surface. By ECM tin ions are released from the
termination but they(precipitate as inert Sn(O)OH on the surface. After drying, the precipitate
remaips as non-conductive tin-oxide on the surface. This tin-oxide shown in Figure 21 [is not
bridging the nord-common potentials and is not a metallic dendrite, and this state is acceptable
after humidity_tests, if leakage currents were not negatively affecting the operation ¢f the

produpt.
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Table 4 — Fingerprint after ion chromatography of a bare CB
and the respective PBA in uncleaned and cleaned condition

lon chromatogrpahy method (normalized values)

Analysis (bag extraction) Bare CB Assembled, | Assembled,
1 h, 80 °C, 75 Vol % 2-Propanol uncleaned cleaned
Bromide 1,0 % 1,0 % < LDL
Chloride 38,0 % 24,0 % 16,0 %
Fluoride < LDL < LDL < LDL
Anionsl Nitrate < LDL < LDL < LDL
Nitrite < LDL < LDL <LDL
Phosphate < LDL < LDL <LDL
Sulfate < LDL < LDL < LDL
Actetate 1,0 % 1,0.% 1,0 %
Adipate < LDL 100,0 % 22,0 %
Formiate 6,0 % 11,0 % 11,0 %
WOAs Glutarate < LDL < LDL < LDL
Malate < LDb < LDL < LDL
Methansulfonate”,|4,0 % 2,0 % 1,0 %
Succinate < LDL < LDL < LDL
Ammonium 3,0 % 2,0 % 3,0 %
Calcium 13,0 % 5,0 % 5,0 %
Lithium < LDL < LDL <LDL
Cation
Potassium 2,0 % 1,0 % 1,0 %
Magnesium 4,0 % 9,0 % 3,0 %
Sodium 3,0 % 3,0 % 2,0 %
Cleandd with wet chemical cleaning processes as state of the art. Data are only valid product specifically (Igyout,
solder |paste, cleaning process) and are normalized on adipate level.
As stated in 5.3, soldering processes are adding a significant number of ions to the qverall
contamination of the "CBA. In this case, adipate, a weak organic acid often used for the
activation of no<clean solder pastes, is the main contributor. The wet cleaning procesyg after
assembly is réducing the overall contamination level considerably. Besides WOAs, actiyators
based on halides are targeted by the cleaning and reduced significantly. In addition,| even
residdes from bare board manufacturing are reduced.

Since it is an additional production step, cleaning is often considered critical. A common
concern is that flux residues are only replaced by cleaning chemicals and remain on the CB,
posing also a high risk to product reliability. In this case again, the ion chromatography can be
used as a control tool. As seen in Figure 22, the chromatogram can deliver valuable information
in this context. Besides the known species like ammonium, a foreign peak was detected which
later could be led back to traces of the used cleaning agent with the help of a reference sample.
This information can then be used for adjusting process parameters like rinsing times
accordingly.
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With information about the used cleaning chemistry and.its*fingerprint, unidentified peaks can be traced back to
insuffidient rinsing.
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Figure 22 — Chromatogram.derived from ion chromatography
measurement of a cleaned CBA

Anothler concern is that cleaning might be insufficient in narrow gaps and under low stand-off
components like QFNs. This.can’ also be evaluated by ion chromatography. In the example
shown in Table 5, an uncleahed CBA was compared with its cleaned version and finally after
the cdmponents have been removed mechanically after cleaning.

Like in Table 5, the level of adipate is decreased significantly after cleaning. But even after the
removal of compenents, the weak organic acids stay at a comparable level. This proves that
the cleaning removed critical ions from underneath the components as well.

Overdll, thisymeans that the cleaning process, if well tuned to the product, can contribute [to the
overallr€liability of the product.

Proof of performance and effectiveness of cleaning can be delivered by ion chromatography.
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Table 5 — Fingerprint after ion chromatography of an uncleaned CBA compared to the
cleaned CBA and after removing the components

lon chromatography method (normalized values)

Analysis (bag extraction) Assembled, | Assembled, co?rlleinneedr;ts
1 h, 80 °C, 75 Vol % 2-Propanol uncleaned cleaned P
removed

Bromide < LDL < LDL < LDL
Chloride < LDL < LDL < LDL
Ftooride | mi)m Bt

AnionJ Nitrate < LDL < LDL < LDl
Nitrite < LDL < LDL & LDL
Phosphate < LDL < LDL < LDL
Sulfate < LDL < LDL < LDL
Actetate 17,0 % 17-0"% 17,0 %
Adipate 100,0 % 33,0 % 33,0 %
Formiate 50,0 % 67,0 % 50,0 %

WOAs
Malate < LBL < LDL < LDL
Methansulfonate | {1380 % 83,0 % 83,0 %
Succinate < LDL < LDL < LDL
Ammonium 17,0 % 17,0 % 17,0 %
Calcium 17,0 % < LDL < LDL
Lithitm < LDL < LDL < LDL

Cationg
Rotassium < LDL < LDL < LDL
Magnesium < LDL < LDL < LDL
Sodium < LDL < LDL 17,0 %

Cleandd with wet chemical cleaning processes as state of the art. Data are only valid product specifically (Igyout,

solder [paste, cleaning process) and.afenormalized on adipate level.

5.5 |How to do — Guidance to use cases

5.5.1 When is.the use of ROSE measurements reasonable?

5.5.1.(1 Summary

Despife the/many limitations in the measurement of ionic contamination mentioned abovi, the

ROSH toel can be usefully implemented

— for process optimization in manufacturing of CBs (5.5.1.2),

— for process optimization during assembly of CBs (CBA manufacturing) (5.5.1.2),

— to document the production quality as a "fingerprint" parallel to the product validation
(5.5.1.3), and

— for process control based on the results of product validation (5.5.1.4).

5.5.1.2

For the definition of production process windows (optimization of processes)

A ROSE measurement can be used as a method to optimize manufacturing processes during

the production of the CB or during the assembly (CBA manufacturing).

CB manufacturing: Many chemical treatment steps are carried out during the manufacturing of
CBs so that repeated intensive rinsing of CBs is required. In addition, the solder mask
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application (type, processing, curing state) is a source of ionic contamination which can interact
negatively with the assembly in active humidity testing.

Especially the modified ROSE test (IPC-TM650, 2.3.25.1 [18]) can be used in this context to
optimize production processes. The aim of the CB manufacturer needs to be to minimize the
load of ionic contamination on/inside the CB (state of delivery) on an acceptable level and in
alignment with the design authority (see also 5.4.1). Sampling is carried out directly after the
process that is to be optimized.

CBA manufacturing, no-clean: With the no-clean manufacturing approach, substances remain
on the assembly that are detected as ionic contamination. The main causes are soldering
procefFSEs (I particutar the application of flux before Selective soldering), for exampig if an
excesfs of flux is applied, or if insufficiently deactivated flux residues remain on theassgmbly
(e.g. inder components or by spraying into the SMT area). Improper handling of-assemblies,
for example without gloves, the use of brushing processes, rework with reactive fluxes and local
cleaning, are further strong sources of ionic contamination. Such uncontrolled - contamination
can rgduce the electrochemical reliability of the product under certain circumstances.

Procejss steps that have an influence on the electrochemical reliability 6f an ECU needs|to be
evalugated, excluded or optimized by experts during the product dexelopment procedure.| Such
manufacturing processes include steps with flux application (SM¥, THR, THT, hand and|robot
soldefing) as well as the application of polymer materials (dispensing of TIM, gluing, undeffilling,
protegtive coating, potting, etc.) including interactions with. flux residues and any harldling.
ROSH measurements can help to define optimal process windows if they are not yet pr not
sufficjently described in process instructions. Sampling-istdone directly after the process|to be
optimjzed. The optimization goal is to achieve ROSE values as low as possible without
negat|vely affecting other quality criteria at the ECU.er the production flow (e.g. minimum ROSE
values$ so that soldering results on the product arestill sufficiently good according to IPC-A-610
[29]).

5.5.1.8 For documentation of the production quality as fingerprint parallel to product
validation

It is gdvisable to determine ROSE ‘values for products as a so-called "fingerprint baspd on
ROSH". This is done at the timé& when products are manufactured under conditions of|mass
produgtion also for product validation. The measured values obtained are documented together
with the results of the humidity tests. This procedure now creates a comparison betwegen an
ionic ¢ontamination load‘en‘the CBA resulting from the no-clean production and a passed pctive
humiqity test. At this-moment, objective evidence according to IPC-J-STDO001 [5] is ach|eved.
This grocedure thus represents the relationship between humidity robust products and a|given
ionic ¢ontaminationiload from the no-clean production including its process-related fluctudtions,
deperjding on~the measuring method used and the materials and processes. A finggrprint
charagteristic.for the product with proof of its humidity robustness was thus determined| This
fingerprint can now be used, for example, to randomly verify the consistency of prodyction
procepses: This fingerprint can also be used as a basis for approval, for example, if prodpiction
lines aredupticatedora productionmsite s refocated:

The procedure can be transferred to as "continuous process control” or "ramp-up assurance".

5.5.1.4 For process control based on results during product validation or ramp-up
assurance

Even though robust processes and manufacturing consistency are already required by
IAFT 16949 [1] in the automotive industry, ROSE can be introduced as a measure of a
continuous improvement process in plants to track compliance of manufacturing processes
within the permitted process windows and product specific requirements. The use of ROSE as
process control tool as well as frequency need to be product specifically agreed between design
authority and user. If ROSE is used as process control tool, the measurement is performed with
products from mass production or a technically representative assembly that can be minor
populated on an identical manufacturing line on a regular basis. The comparison is made with
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the measured values that were determined and fixed during product validation. The ROSE
measurement is typically considered to be a destructive measurement for a CBA, so that the
PBA need to be scrapped after the measurement.

Since, in addition, the ROSE measurement cannot be implemented at the same time as the
production flow in modern electronics manufacturing, it is only an indication method. As a good
basis, if regular process control based on ROSE is required, the measurement of two CBAs
from mass production per month take place within a limited period of 6 months as part of a
ramp-up assurance (see 5.6).

5.5.2 When is the use of ion chromatography reasonable?

5.5.2.{1 Summary

In contrast to ROSE measurements, tests using ion chromatography require trained chemical-
technijcal personnel as well as the infrastructure of a comprehensive chemical [aboratory. The
use of ion chromatography is therefore limited to a few use cases:

— toldocument the production quality as a fingerprint parallel to product. validation (5.5.2.2);
— ag a tool for root cause identification in failure analysis (5.5.2.3);

5.5.2.p A fingerprint parallel to product validation

The dptermination of measured values via ion chromatography for new product groups anfd new
materjals as an unique fingerprint is currently rising. Avdilable data from IC is also a prpduct-
specﬂic fingerprint with higher significance than the ROSE measurement. This applies t¢ both
CBs and CBAs. The limitations listed above due to effort and the capability of external analytical
laborgtories to use IC measuring equipment needs«to be taken into account. The determipation
of IC fata needs to be product specifically agreed between design authority and manufacturer
and c@n only be defined for specific cases. The-best time for determination is again pargllel to
the prpduction of CBs and CBAs for product validation. The measured values obtained ng¢ed to
be dopumented together with the resultis;of the environmental test or as part of the PPAP, so
that ajcomparison with the results fromhumidity tests is possible.

5.5.2.3 A tool for failure analysis

lon chromatography is an exeellent tool for failure analysis. If significant amounts of specific
ions dre detected from the.CB or CBA, which are significantly above typical values, this|is an
indicg:or of issues with~materials, processes or handling. The detected element can give an
indication of the origin of this deviation. Within the framework of failure analysis, other mgthods
of exfraction (e.g\\.local extraction, wiping techniques, etc.) and measurement of| ionic
contapination c¢an* also be used than those described in IPC-TM650, 2.3.28, [21] with bag
extragtion. The )different extraction methods lead to differences in absolute values, so that a
refergnce paint is always required. Therefore, historical data needs to be already aval|lable,
which|were-determined with the same methods as used for failure analysis, or analyses of['good
parts"| carried out in parallel are used to provide a point of reference, so that an evaluafion of
measured contamination levels is possible.

5.5.3 At what point in the manufacturing sequence ionic contamination
measurements are carried out, if a fingerprint or the basis for process control
is to be established?

For CBs, see 5.4.1.

For CBA, no-clean: lonic contamination measurements as a fingerprint for product validation or
for process control only make sense if production is carried out under conditions of mass
production. Materials and optimal process windows are already defined for the product.

Samples are typically taken directly after the last soldering process directly from the production
line, for example
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— after 2 x reflow soldering but before the press-fit technology,
— after 2 x reflow soldering, THR- or THT-soldering but before mounting the housing, or
— after all soldering processes, but before encapsulation (conformal coating, potting, etc.).

Further handling steps that can lead to contaminations (e.g. handling in milling processes) need
also to be considered.

In special cases, instead of products from mass production for measuring ionic contamination
levels, technically representative assemblies with reduced components can be used. Other
material, processing and handling need to be identical to mass production.

5.5.4 How is the sampling for ROSE and IC done?

Samples (CBs or CBAs) can only be measured once. The measurements are désfructive for
CBAs|from a no-clean production so that these parts need to be scrapped afterthe extraction
step. [Sampling needs to be carried out in such a way that no contamination occurs ¢uring
sampling, packaging, transport or by handling in the analysis laboratory. This’can be achieved
by taking samples directly from the production line without placing them on carriers, [using
powder-free disposable gloves (nitrile, low chloride) when hapdling the sampleg and
immediately wrapping them in new aluminium foil. Only then the samples are packed in|ESD-
bags.|Labelling the CB or CBA surface with foil pens needs to b€ avoided as well.

5.5.5 How is a product-specific process control limittbased on ROSE determined?

Materjals, processes and also the measuring method for)ROSE needs to be defined.

The cplculation is carried out with the usual metheds of quality assurance and creation of a
statisfical process control chart. The mean value and the standard deviation o needs|to be
determined for this purpose. The upper process control limit (UCL) is then calculated according
to:

L= mean value + 3 x o

The calculation, + 3 x g, takes into account the expected distribution of 99,7 % of all part$ from
this sfatistical population. A.statistically relevant sample size from different production lojs is a
basis [for the calculation.

The gpecification of‘generally applicable limits without objective evidence can no longer be
accepted due to.the explanations given here and the change in IPC-J-STD-001 [5] made |n this
regardl.

The Qroduct-specific process control limit valid for the CBA needs to be defined in p test
document’that becomes part of the product specification.

Measured values or control charts for ionic contamination need to be available on request of
the user. The measured values or control charts need to show that agreed process control
values are adhered to, thus ensuring controlled manufacturing processes.

5.6 Examples for good practice
5.6.1 Ways to achieve objective evidence

One way towards objective evidence for a qualified manufacturing process is shown in Figure 23.
In a first step, the materials and processes of electronic production are subjected to extensive
qualification tests. This involves advanced SIR tests that are based on single material
characterization (e.g. IPC-TM650, 2.6.3.3 [30]) and go to interactions tests as described by
IPC-9202 [28] during the design phase. The procedure is described in Clause 6 and Clause 7.
It is followed by overstress tests on product level by active constant climate and cyclic climate
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tests. If these tests are passed successfully, objective evidence is achieved. Even if the
constancy of materials and processes is ensured by quality management systems, an optional
measurement of the ionic contamination for mass production can be agreed between design
authority and user.

Electrochemical <WL (1) Design
failure region « Validation of ECM-robustness on design element Qualification of robust

level by specific SIR testing, LS Elnel [ JEEEsEss
» Complemented by active humidity tests on product
level.

Overstress test with
units (heat damp cyclic)

Bias
(ECMyigk =
L= A0, d2)

Microclimate
(local)

rl TTLT UI’ PI uucoSE S
and materials

ECM
failure
region

(2) Production Q-systems ensure

« Standard: Monitoring of released process windows constant processin;
by implemented stringent Q-system, ROSE, IC optional as

- Optional: Monitoring of ionic contamination on PBA product specific

lonic contamination < _Regular “fingerprint"
(fuzzy) (as agreed between manufacturer and user). gerp

» |The absolute ionic contamination value is design dependent and does notfredict reliability

» Objective evidence: 1) Validate robustness against ECM with acfive humidity tests

2) Ensure constant high quality production/y process monitoring
IEC

See [16]

Figure 23 — Approach for achieving objective evidence for a qualified
manufacturing process in the'automotive industry

5.6.2 Introduction of a new product family with new materials

A supplier to the automotive industry (high volume electronic manufacturing) has desighed a
new girbag control unit. In addition to layout changes compared with earlier versions and the
implementation of new functions, a new CB base material and a new SMT solder paste will be
used.| The CB will be sourced ffom two different suppliers in Asia. The assembly and
intercpnnect technology is asnp*clean production involving both surface-mount and through-
hole qoldering technology typical for the automotive industry.

In a fifst step, the base-material was selected and investigated regarding its CAF performance
accorgling to IPC-TiM650, 2.6.25D [31]. First samples of CAF (customized test board) and SIR
test coupons (B52*test board) including solder mask application and final finish werg then
ordergd for production from the two CB suppliers. Through automotive typical long-term tests
at 85°C, 85.%rH for 1 000 h, the capability of all CB materials and the CB manufactufer as
well gs their interactions within the PPAP was demonstrated with regard to CAF anf SIR
performance of unpopulated CBs.

In parallel, the new solder paste was released based on positive results of an SIR test according
to IPC-TM650, 2.6.3.3B, [30] and interaction tests according to IPC-9202 [28].

During these material release tests, an investigation of the nature of ionic contamination on the
test coupons is also carried out by ion chromatography as a material characteristic fingerprint.

With the materials now defined, the ECU was built under mass production conditions. However,
the initial settings on the selective soldering system led to high ionic contamination of
2,5 ug/cm2 NaCl equivalent (based on the fixed measurement conditions of the ROSE tester
used) due to a flux excess in selective soldering. The ROSE method was therefore used to
optimize the process. The aim was to reduce the ionic contamination load on the no-clean
assembly without negatively affecting the solder joint quality and also to take into account given
fluctuations in high volume production. The determination of an optimal process window for
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fluxing prior to the selective soldering process was then made in coordination between the
manufacturing plant, development and product managers and was 0,8 pg/cm?2 to 1,0 ug/cm?
NaCl equivalent. The process parameters for manufacturing the new airbag control unit were

fixed. At this time, the determination of the ionic contamination as a characteristic fingerprint
was also carried out.

A product-specific process control value with respect to ROSE was derived and documented
from the mean value and three times the standard deviation, which amounted to 1,2 pg/cm?
NaCl equivalent (based on the fixed measurement conditions of the ROSE tester used).

Within the scope of product validation, a further testing step involved the manufacturing of a
total [1f 12 complete control units from the 2 CB suppliers under mass production conditions.

The devices including housing were again tested in humidity tests. These are actjve| tests
witholit self-heating (battery on, switch between idle and wake-up mode) for 1 006,'vat 85 °C,
85 % rh and for 10 days in a cyclic climate test according to IEC 60068-2-38 [32]){cOnsiderably
oversjressing real field loads). Leakage currents < 200 pA and no indication of electrochgmical
migragion on the CBA in the optical analysis are typical pass/fail criteria) The tests| were
succepssfully passed. For this CBA and the fixed materials and processi'conditions, objective
evidehce was now achieved. The manufacturing quality for this product at.the time of the ppssed
envirgnmental tests was documented by an average and the correspanding standard deyiation
of thgg ROSE value. A random measurement of the ionic contamination by ROSE on the no-
cleanfassembly was agreed between user and supplier. This has,been carried out for mor¢ than
4 yeafs on two assemblies per month and per production plant. The results proved thpat the
produkt-specific ionic contamination was consistently below(,2 ug/cm?, thus ensuring copstant
produgtion processes and the continued delivery of humidity robust products. The realization of
this pfocedure is visualized in Figure 24.

ROSE test for ECU12 (2x SMD*+-0ne 2-pin capacitor THT)
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The process is kept constant during mass production. Known data scattering for no-clean assemblies (see [16]).
Figure 24 — ROSE as process control tool
5.6.3 Adaptation of an ECU for a new vehicle type

In another example from the automotive industry (high volume electronic manufacturing), an
engine control unit, which is already in mass production with > 1 million ECUs delivered per
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year, is to be adapted for a new vehicle type. This can be realized by using available assembly
options in the SMT process. Only the component spectrum and the layout change slightly;
however, minimum electrical clearance as well as case sizes of components including pitch are
not affected.

All CB materials, already qualified CB suppliers and soldering processes remain unchanged.
After the assembly of test samples on mass production lines, the ionic contamination is
measured by means of ROSE on some CBAs from the no-clean production after selective
soldering. This results in measured values between 2 pug/cm? to 3 pg/cm2 NaCl equivalent
(based on the fixed measurement conditions of the ROSE tester used). These are typical
measured values for th|s type of dewces WhICh result from the no- clean product|on and the
large petee . S 6 i

contrd

now

typicdl for automotive applications was not necessary.

6 Surface insulation resistance (SIR)

6.1 |SIR - An early stage method to identify critical material combinations and faulty
processing

As shown in Figure 4, the electrochemical reliability of an assembly is determined hy the
interaction of microclimate, layout with potential\differences and material propertiels. To
charatterize the electrochemical reliability of these systems on a first level, measuremgnt of
the syrface insulation resistance (SIR) is currently the best method. The SIR measurement is a
level ¢f abstraction, with approximation of simple material combinations (e.g. SMT flux on fa B24
or B5B test board without final finish and,without solder mask) towards increasingly complex
systems (e.g. by B52-CBA with applied-coating). The aim is to use SIR tests to exclude maferials
and mnaterial combinations and faulty(processing at an early stage, which could lead to humidity
inducgd faults on a product. The'second level would be active humidity tests of the product in
its enf{ire complexity and in a climate simulating a critical environment for the product as ghown
in Fighre 23.

6.2 |[Fundamental parameters of influence on SIR
6.2.1 General aspects

In thg SIR méasurement, a leakage current is measured across the surface of a simplified
printefd circuit>board or CBA without housing in a humid environment and converted info the
surfage resistance by means of the applied DC voltage (IPC-9201 [33]). There are nov two
possibilities for characterizing the system, which are illustrated in Figure 25. Using standafdized
test coupons (e.g. B24, B52, B53), after a short measurement period, during which the SIR
measurement value has stabilized, its absolute value is taken and transferred to databases for
this specific test condition and material combination. A higher SIR reading for a material system
is often considered more robust than a lower reading for the same test condition. The alternative
view is to use the method as an event tracker around short circuits, which are represented as
spikes in the SIR measurement curves. In this case, the evaluation is often done as a pure
pass/fail criterion.

The first method focuses more on the electrochemical events directly caused by the applied
materials and can easily be seen within 168 h test duration. People who follow this approach
therefore insist on proper adherence to test conditions, mandatory use of a standardized test
layout, and round robin comparisons (IEC 61189-5-506 [34]). For this reason, a fixed
measurement period of 168 h is also mentioned in many standards for the SIR test. This view
is consistent with the original setting of the SIR test.
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The second approach is based on material degradation and diffusion processes, i.e. more on
long-term effects, with the consequential error of an electrical short circuit. In later case, a test
duration of 1 000 h is quite common. As test conditions by this approach deviates significantly
in most cases from SIR-standards, this approach is rather be called a temperature-humidity-
bias (THB) test based on SIR test equipment.

A combination of both methods with identification of the test conditions and display of the SIR
measurement curves is recommended nowadays.
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Figure 25 — View on SIR measurement
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Figurg 26 illustrates in addition a common behaviour of SIR curves which often falls info two
broad|categories:
1) ar initial drop in insulatioh resistance followed by a steadily improving SIR level with {ime —
Figure 26 a);
2) a llesser drop in inSulation resistance, followed by a shallow declining trend with time —
Figure 26 b).
Althoygh exceptions are known, experts rate the first case as an indicator of robust long-term
stability of the material, while in the second case failures are more likely to occur after a longer
test ppriod.<Fhis could be due to contamination in many cases.
1,00E+16} TN 1,00E+16 ,
1,006415 | 14 ‘| T,006+15 llli
1,006+24 % }f 1,006414 1|
i Start of test End of test :::::i Start of test End of test
Al'mm la - condition condition 4| . la~~ condition condition |
c 1,00€+11 1,00€+11 -
" 1,00e410 7 1,006410 o
5 100E+09 — e e B Lo0E+09 N— o
1,00E408 1,006408 R i e _t::
1,006+07 1,00€+07
1,00€+06 1,00€+06
1,00€+05 1,00€+05
1,00€+04 1,00€+04
100 200 300 400 500 o 100 200 300 400 500
Time (h) Time (h)
IEC IEC
a) Example SIR test of soldermask with B53 b) Example SIR test of soldermask with B53 coupon
coupon Soldermask B

Soldermask A

Left with significant drop at the beginning of measurement and steadily improving SIR value; right with a less drop
at the beginning of measurement and slightly ongoing decrease.
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Figure 26 — Principal course of SIR curves

For simple, clean SIR test boards with bare epoxy and Cu-foil based comb structures (like a
B24 or B53 coupon), important factors of influence on the SIR-value are merely the climate and
the test voltage. Figure 27 shows this effect on the leakage current, respectively the stabilized
SIR value after 168 h measurement. The surface resistance remains nearly unchanged for the
Cu-Cu distance in the stabilized condition. Also the application of a final finish with correctly
applied rinsing of the test coupon does not change the stabilized SIR value for this design.

Adjusted log SIR (Q)

The c

Voltage (V) Final finish Humidity (g/m?3) Cu-Cu
distance (um)

Figure 27 — Response graph concerning stabilized SIR-value after 168 h
from a DoE. with B53-similar test coupons (bare CB)

bnsequences from this-observation are explained subsequently.
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6.2.2 Influence of climate

The formation of a water film on the surface of a SIR test coupon, but also the absorption of
water in the bulk phase of material (e.g. the solder mask), determines foremost the SIR value.
Transport of charge carriers by diffusion and migration in the thicker water film is facilitated. A
gradual approach to the dew point leads to a decrease in the SIR. This process is now massively
disturbed by materials that accelerate charge transport or the formation of the water film. The
SIR level drops faster or is already at a low level from the beginning of the measurement.
Therefore, the climate needs to be perfectly monitored and controlled during the SIR
measurement in a test chamber. A comparison of SIR measurements is only possible under
identical climatic conditions. In Figure 28, the trend depending on the climate is shown for a
simple comb structure covered with SMT flux after reflow. Up to two decades difference in SIR
betwelen the widely used conditions at 40 °C, 90 % rH and 85 °C, 85 % rH are seen.
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Signifidant influence by climateon the absolute SIR-value.
Figure 28 — SIR measurement with B24-CB, no-clean SMT solder paste
IEC 6PD068-3-4:2001 [4] requires that the test climate used for material characterization gy SIR

tests pfoes not~change the mechanism of electrochemical reactions and is appropriate fo the
end-uke environment of the CB or CBA as tested without housing.

The cpnient of [4] is important. This document describes and justifies in detail the use of various
climatic conditions that affect the electrical properties of circuits. In order to cover adsorption,
absorption and diffusion of moisture in materials, a constant climate test needs to be carried
out in a way that that electrochemical mechanism is not changed. The constant climate test
IEC 60068-2-78 [36] with (40 + 2) °C, (93 = 3) % r.h. is recommended for 1 000 h for CBs and
CB as with open structures in this case. This condition is reflecting a real field load. In case of
polymer coatings on the CB (e.g. solder mask or encapsulations), the test climate could be
enhanced so that the diffusion process is accelerated. For this condition, the climate condition
with (65 £ 2) °C, (93 £ 3) % r.h., 1 000 h has proven to be more advantageous than using the
85 °C, 85 % r.h. condition. The test condition with 85 °C, 85 % r.h. (IEC 60068-2-67 [37]) was
defined to trigger special degradation mechanism. Under these severe conditions, other failure
mechanisms may occur than under normal operating conditions. Therefore, this test condition
can only be used in justified cases (e.g. solder paste qualification).
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In case of short-term dewing on the surface of CBs and CBAs without housing that will change
the electrical characteristic, IEC 60068-3-4:2001 [4] recommends the damp heat cyclic test in
accordance to IEC 60068-2-30 (6 cycles from 25 °C to 55 °C at 96 % r.h., 6 days [38]). This
test reveals real weaknesses well without significantly overstressing the CB or CBA and reflects
experience from field performance of electrical products [16], [39].

The basic prerequisite for reliable SIR tests is the use of measurement equipment that is
capable in accordance to IEC 60068-3-6 [40] and IEC TR 61189-5-506 [34]. See also IPC-TM-
650, method 2.6.3.7, for equipment requirements [41]. Awareness for maintenance of the
climatic chambers before each series of measurements is also prerequisite for reliable SIR tests.
The complete cleaning of the inner chamber walls, for example with hot water steam and wipe
with lipt—and-saltfree-cleaningtissveswit Dl-water—and-thereplacementof-thereservei of DI
water|are good practice. The use of DI water with a residual conductivity of < 20 i8jcm is
commpon practice. The humidity inside the climatic chamber needs to be realized aerosoltfree.

The minimum requirements for the climatic chamber are specified in IEC 60068-2-78:2012 [36],
IEC 6PD068-2-30:2005 [38], or IEC 60068-2-38 [32]. To meet these requirements, the follpwing
pointq are essential.

e THe air flow in the chamber is not hindered by the installation of the-test specimens.

e CBs and CBAs are installed vertically to the air flow (along with the air flow) with a mounting
distance of typically =2 20 mm.

e C4binets are not be loaded above 15 % of the chamber volume.

e Digtance of the test specimens to the wall is at least10 % of the chamber width or height
(see also calibration test [42]).

6.2.3 Influence of voltage

Some|publications state that 5 V is the most:Critical situation for SIR testing. Thus, the trend in
SIR wijith increasing voltage, as shown in Figure 27, seems surprising at first. But, in accor¢lance
to Ohm's law and a low and nearly constant leakage current in a stabilized state, the measured
surfage resistance must increase with intensification of the voltage. The effect shown in
Figure 27 is merely a pseudo increase in robustness. This voltage of 5V is beyond the
decomposition potential of water; feads to lowest SIR values and is above the operation|mode
for many logic circuits. With this.view, it is already critical. In addition, it is reported that, pt 5V
voltage, a dendrite is less likely to burn off in the SIR test and thus more likely to be found as
a drop in the measurement curves or by optical inspection than at higher voltages. However,
an ing¢reasing voltage(léads to formation of more crystal sites in electrochemical migration
(= mdre chances to form a bridging dendrite), can trigger other humidity induced failurgs like
treeinpg effect, areing; or partial discharge so that the propensity of a humidity induced failure
will increase with-the voltage (Figure 29). For comprehensive SIR investigations on standard
test cpupons.like B52 or B53, a voltage of 50 V is considered as a good practice for automotive
applidations: A 48 V board-supply is covered as well as the higher propensity for ECM fgilures
but the overstress situation with 100 V is avoided.

For tests of ECU-BGAs or BGA-footprints on B52-like test CBs, the test voltage is set at 5 V as
usual for the operation of logic circuits.
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100 % of structures in the test failed with signs of ECM (see [35]).

Figure 29 — Increase in ECM propensity depending on voltage applied (U)
and Cu-Cu distances (d) of comb structures

oltage SIR testing with > 200V for materials.that are used, for example, for e-mob
tly not covered by international standards.»New failure modes like anodic mig
mena, treeing effects, or partial discharge,need to be considered [8], [34]. A simpl
th approach done with low voltage < 100"V is insufficient for this case.
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Figure 30 — Layout of B53 test coupon

The limit 100 MQ and optical inspection
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Nevertheless, even in high-impedance systems which are significantly higher than 100 MQ in
the SIR measurement, errors due to ECMs can occur (e.g. due to degradation). But even
systems in which the leakage current flows through the bulk phase (e.g. solder resists, coatings)
and thus have relatively low resistance values (so called volume resistance) close to 100 MQ
can be humidity robust over their service life without ECM failures.

The distance of the SIR measurement curve from the empirical value of 100 MQ and the general
trend of the curve (clearly declining over the test duration, strong scattering of the measurement
curve with significant downward peaks) are rather risk indicators which are taken into account
in the evaluation for material selection. The presentation of the SIR measurement curves is
therefore general good practice. The simple classification into a pass/fail criterion is no longer

appro

priate.
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When carrying out SIR measurements, it has proven positive to integrate a reference (e.g. only
the CB without SMT solder paste) in parallel in the test. In the case of ECM errors, this allows
a decision to be made as to whether the material to be tested is causing the error or whether
the test CB has already brought a weakness with it. In the best case, a good reference in the
SIR measurement value is one decade higher than the test object.

After each SIR test, an optical inspection of the SIR test structures under the microscope is
necessary. Since SIR curves can display anomalies such as unstable course or drops, the
optical inspection needs to clarify the physical causes for this. The procedure is described in
IPC-9202 [28]. IPC-9203 [43] provides additional guidance.

a) ing or
to be

worst

case dendrites, typical dendrites, and weakest dendrites by images is required.

c) Fibres between conductors need to be documented but can be excluded from the rating.
d) Dipcoloration between conductors needs to be documented and criticality be rated.

e) Whter spots on test patterns are evidenced by faint staining of the conductors. If a dejndrite
odcurs in a water spot, that data point can be excluded. If matrethan two points are excluded,
the test needs to be repeated with new samples.

f) Sydbsurface metal migration needs to be documented/and criticality be rated.

g) Carrosion needs to be documented. Staining can beaccepted. Significant corrosion is|rated
ad fail.

h) Bl|stering of solder mask needs to be documented and criticality be rated.

i) Dglamination of solder mask or base material needs to be documented and criticality be
rated.

In cage dendrites and corrosion defectsiwere found during optical inspection, a systematic root
causd analysis needs to be performed so that the occurrence of the defect can be explained
via a [5x why approach". Typical'steps include the use of initially non-destructive analysfes for
materjal detection such as SEM-EDS, XPS, TOF-SIMS to clarify the elemental composgition.
FTIR microscopy can be used-to additionally search for local organic impurities. Finally|, as a
destryctive investigation, the'use of ion chromatography is also advantageous here, preferably
after local extraction in~the damage area, to search for unusual ions and deviations from the
materjal fingerprint. Based on all this material information, a logical defect sequence basled on
physi¢al-chemical fundamentals needs to be established.

6.2.6 Influence of materials

The final finish used on B53-like SIR-CBs with standard rinsing processes does not show a
significant influence on the SIR value for the reference samples as shown in Figure 27 [There
are therefore no residues on the printed circuit board which lead to increased creepage currents.
The ionic contamination caused by the manufacturing process is low, as high SIR values are
achieved. In addition, there are no residues which are for example hygroscopic and would
therefore influence the formation of the water film on the surface and, thus, the SIR value.

The understanding of these relationships, as shown in Figure 27, provides the basis for further
SIR measurements to characterize materials used for assembly and interconnect technology.
By applying additional materials to an SIR-CB, such as solder paste or solder mask, their
influence on the SIR value can be evaluated. Thus, within the scope of material characterization,
it is now examined whether free ions are present through the additional material and its
processing, whether free ions are released, and whether diffusion or degradation processes
take place under voltage and moisture load. Subclause 6.4 lists recommendations for carrying
out SIR tests for individual materials. Clause 7 then looks at the interactions of the different
materials when they are combined on a SIR-CBA (B52 approach as described by IPC-9202
[28]). In later case housing effects from bottom terminated components are also considered.
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Harmonization of SIR test conditions for characterization of materials for
automotive applications

The performance of SIR tests is described very differently in the literature and in standards (e.g.
IPC-9201 [33]). The aim of this document for the automotive industry is therefore to provide a
common procedure, taking into account current trends and the state of knowledge. Based on
the contents of 6.2, the following conditions are recommended.

The conditions in Table 6 can be applied to all different steps of SIR testing for material- and
process qualification. Deviations will be explained on a case-by-case basis.

In magertat= ; imate
phasqg can be reduced down to 504 h or 168 h so that extended test times are avoided, and the
beneflt of internal comparison studies of absolute SIR data can be used.
Table 6 — Common test conditions for basic material evaluation
Factor Parameter Comment

CB tept coupon B53 See 6.2.4

Voltage 50V Bias and test voltage withvsame polarity, see 6.2.3

Polarity Cathode In case of covered{CGu=lines on the B53-CB (e.g. fgr
solder mask testing); the polarity of the covered lirje is
the cathode (ground, GND). As hydroxyl ions (alkaline
pH-value) afe formed at this polarity, degradation
mechanigsmssby hydrolysis will be initiated.

SIR irnjterval < 20 min IPC-TM650, 2.6.3.7 [41]

Evaluption | > 100 MQ See 6.2.5; curves need to be provided so that trend and
scattering can be seen.

Evaluption Il Optical inspection See 6.2.5; optical inspection with documentation of
dendrites, corrosion, blistering, delamination, chipping,
significant discoloration, water spots etc. is requirgd.

Climate A constant climate-depending on the material to be qualified; cyclic test preferred

with B52 CBAs

Climate const. |

(40 £ 2) °C, (93#3) % rh,
1 000 h (IEC 60068-2-78 [36])

Realistic field load for open CBs, CBAs

Climage const. Il (65 £ 2).°C, (93 £ 3) % rh, For permanent polymers, coatings, encapsulation {CBs,
1 000%h CBAs)
Climage const. 11l (85:£72) °C, (85 = 5) % rh, See 6.2.2; only special cases as material
1,000 h (IEC 60068-2-67 [37]) decomposition can occur.
In the first instance, this test was applied to accelgrate
the corrosion of aluminum metallization in both
integrated circuits and other semiconductor devicefs in
plastic encapsulation. However, when considering fthe
application of the test to other products, it is important
that the failure mode or modes are determined, anfl the
appropriate degradation process and test severity
selected in response to each failure mode.
Climate cyclic 25°C to 55 °C, 96 % rh, See 6.2.2; preferred used with B52-CBA subsequently
6 cycles (IEC 60068-2-30 [38]) | after constant climate tests.
Short term dewing simulation on surfaces.
6.4 Different steps of SIR testing

6.4.1

General procedure

The conditions as defined by Table 6 need to be applied on all different steps of SIR testing.
Deviations will be explained on a case-by-case basis.
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The implementation of SIR tests for material qualification according to the current state of the
art is described in detail using the example of the examination of SMT solder pastes
(Clause A.1).

The measurement conditions and procedures as described in Clause A.1 can also be
transferred to material qualification of, for example, solder resists or coatings, if the B53 test
coupon and material application are adapted to the material to be qualified. Necessary
adjustments to the test conditions and the B53 test coupon and its preparation are therefore

listed

6.4.2

below for the various steps of basic material characterization by SIR.
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Figufre 31 — B53 with solder mask,-partially covered and fully covered comb structures

6.4.4 SMT solder paste

The r¢tention of active fluxwresidues (weak organic acids) or their release from the resin matrix
is kngwn to be a major factor in triggering ECM from a no-clean process. Tests of SMT golder
pastes regarding SIR performance are therefore of great importance. Several documentg also

TM65D, method2:6.3.7 [41]), some of them with different or even contradicting condition$. The
aim thereforelis/to achieve a standardized procedure for SMT solder paste material releages in

with 200pm Cu Cu distance which is seen as crltlcal condition. For some SMT solder pastes,
the condition "Climate I" (more critical if volatile ingredients will remain) and the "Climate 11"
are best suitable (for use in high temperature applications). Details of the sample preparation
and the way of SIR measurement is described in Clause A.1. The content of Clause A.1 is also
valid for other material and processes qualification investigations based on SIR test equipment
with minor adaptations as described in 6.4.2 to 6.4.7.

6.4.5 THT fluxes

With the application of selective fluxes, the greatest risk is that active weak organic acids remain
on the assembly, which can trigger the ECM fault in a humid environment. This risk exists
especially for flux residues that are not deactivated or rinsed off by the hot solder wave during
selective soldering. The criticality of these conditions can also be investigated with the B53 test
coupon and a comparison between different selective fluxes is possible. For this purpose, B53
test coupons with or without final finish are provided with an application-typical amount of
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selective flux. This can be done by pipette or by spray fluxer as surface loading. A possible
overspray into the SMT area can also be simulated by means of spray fluxing around the comb
structures of a B53-CB. Subsequently, the activation/deactivation of the flux residues is only
performed by the preheating profile specified for the THT flux, without reaching the temperature
peak zone of the soldering process. B53 test coupons prepared in this way are tested for SIR
performance according to the contents in Clause A.1. For most flux types, the condition
"Climate I" is best suitable (more critical as volatile ingredients will remain).

6.4.6 Encapsulations and adhesives

Unforeseen interactions between flux residues and chemical assembly and interconnect
techn i i i i also a
frequent cause of failure with electrochemical migration. Outgassing or degrading ingreflients
could|lower the dewing point, could lead to corrosion, or non-predictable chemical eaftions
take gdlace between residues from different sources. For this reason, polymer matérials applied
to SIR test coupons but also in combination with SMT resin residues need to be) examined in
an eafly phase with regard to their moisture resistance.

The BJ53 test board can also be used for the initial characterization and qualification of chemical
assembly and interconnection materials. In a first step, a full-surfaceapplication (e.g. coating)
of the|comb structures of the B53 CB based only on epoxy base material and etched foil copper

can carried out with the polymer materials to be tested. With the comb structures fully
covered, the SIR measurements are performed according to Clause A.1. Since a fast satufration
of the polymer and the interface with moisture needsto be aimed at, "Climate [II" is

reconimended. Polymer-typical degradation phenomera, which are often observed| at a
tempgrature of 85 °C, recede into the background with<'Climate II" condition.

For tHe next level of material characterization and qualification, the use of more compIZIx B53
test doupons with final finish and resin residues from the SMT process is recommended.
Prefefred is the application of SMT solder paste (at least type RELO or ROLO, better wotld be
the SMT solder paste from mass production) on the B53 comb structures as descriked in
Clausg A.1, a reflow step and then the strip-like application of the polymer materials on|these
comb|structures contaminated with flux-residues.

B53 test coupons prepared in:this way are examined for SIR performance according fo the
contepts in Clause A.1. Use of condition "Climate II" is preferred for this case.

6.4.7 Process qualification at CB manufacturer

The manufacturingwprocess of printed circuit boards comprises a large number of process steps,
whichl|in their entirety have an effect on the electrochemical reliability of the printed circuitpoard
and thus alson the product. For example, manufacturer-specific pressing or drilling programs
during layerbuildup have an influence on CAF performance. Manufacturer-specific adjustments
in the|application process of the solder mask or also in the scope of the rinsing processes after
final finishing lead to supplier-dependent differences, even if identical materials are used. The
performance of process audiis at the CB manufacturer and the implementation of a CAF and
SIR audit protocol for each CB supplier is recommended.

The CAF tests are be based on the specifications of IPC-TM650, method 2.6.25D, [31] which
can be supplemented by customer-specific adaptations and extensions in the scope of testing.

SIR tests need to be performed with test CBs that have gone through all manufacturing
processes of a multilayer CB assembly. The use of the simple test coupons B24 or B53 without
additional plated through holes and solder resist application is therefore insufficient for the
process qualification of the CB manufacturer. A suitable SIR test CB is the IPC-B52 layout or
customer-specific modifications with comparable requirements (see 7.2). In addition, the
introduction of custom patterns as comb structures, which are fully and/or partially covered with
solder resist, is of advantage.
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SIR testing is carried out for all material and process variants required for the assembly of outer
layers, up to the delivery stage to the customer. Deviating from the specifications in Table 6,
the following test conditions are appropriate for the process qualification of a CB manufacturer
(Table 7).

Table 7 - Recommended SIR test conditions for basic material- and
process release for the outer layer manufactured by a CB supplier

Factor Parameter Comment
CB test coupon B52 or similar Complete process of CB fabrication needs be included
Voltage S0V Bias and test voltage with same polarity, see 6.2.3
Polarity Anode Pin A of B52 layout is joined connection of all patt¢rns
which is typically the anode (plus pole).
SIR irnjterval < 20 min IPC-TM650, 2.6.3.7 [41]
Evaluption | > 100 MQ See 6.2.5; curves need to be provided, so that trend and

scattering can be seen.

Evaluption 1l Optical inspection See 6.2.5; optical inspection with-documentation of
dendrites, corrosion, blisteringy’delamination, chipping,
significant discoloration swater spots etc. is requirgd.

Conditions CBs at stage of delivery and after 1x leadfree reflow (1x reflow is rated as more critigal
as more electrochemical active residues will remain)

Sampje size 10 test samples in total from at least 3 different proeduction lots (one test sample is 3
single CB and not the number of comb structures-or parallel lines on one CB)

Climale const. | (40 £ 2) °C, (93 = 3) % rh, Realistic\field load for open CBs and well established in

=504 h (IEC 60068-2-78 [36]) the méantime. The climate condition 85 °C, 85 % H is
addjtienally considered in CAF testing.

7 Clomprehensive SIR testing — B52-approach

71 General aspects

The manufacturing of a contr@ly,*unit includes many process and handling steps with a
combination of many assembly*and interconnect materials among each other. Interactipns of
these| material combinations can affect the electrochemical reliability in the end-use
envirgnment of the produet: For example, chemical ingredients can outgas and be deposifed on
soldef joints and open'‘conductors, ionic residues can remain or be released from the soldglering
proceps, non-ionic,surface-active substances reach the assembly through the applicatjon of
polymer materialsito the assembly or the direct contact of two AIT substances with each|other
leads|to a chemijcal reaction in a humid environment.

This domplexity of interactions is not perceived by simple SIR tests of the individual materials,
as described in Clause 6. This Clause 7 therefore focuses on investigations df the
electrochemical reliability of material combinations based on the IPC-B52 and IPC-9202
standards (see also [46]). It serves as a representative demonstrator for assemblies which can
be realized with these materials and whose robustness under humid load and with phases of
short-term dewing is proven.

The B52-CBA is a simplification of an assembly whose realization can only be pushed to a
certain degree so that the most essential interactions are covered. The totality of all interactions
is ultimately verified in active tests of the product under moisture load as part of product
validations.

The implementation of IPC-9202 and the IPC-B52 test coupon is rather to be understood as a
mindset, according to which materials need to be combined with each other using exactly the
processes that will also be used later for mass production. The use of a B52-CBA is therefore
an option, since it is standardized, but can be replaced by proprietary release boards if they
serve the same purpose. Therefore, also slightly adaptation of the B52 test coupon can be used
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as well as B52-CBA with minor population, if the deviation can be explained and does not
change the overall results of this approach.

7.2 The main B52 test board

The history and development of the IPC-B52 standard is documented in IPC-9203 [43], which
is the guidance document to IPC-9202 [28]. Even today, the B52 standard still represents a
good, typical CBA. A common mix of components and package types is given, with areas for
user-specific adjustments. The IPC-B52 test board was originally designed to examine the
cleaning performance of the manufacturing process. However, various assembly processes can
be used to realize the B52-CBA (e.g. SMT, THT, THR soldering, application of underfill
materia . T ; ) ~ating

potential for i

nteracting with the materials of construction potentially degra mbly
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Figure 32 Qgﬂ CBA after SMT process, layout slightly
adap;g)to fulfil company internal layout rules

The Igyout consists ofent parts (A: SIR test coupon, B: ion chromatography test cqupon,
C: solder mask ad eG_On test coupon, D: mini SIR test coupon). Though originally a part for SIR
meastrement w esigned and a second section for ion chromatography measurement, a
differgnt appra?? has proven advantageous for an automotive typical no-clean approach. For
this purpose;itis advisable to build up an excess number of B52-CBAs. In addition to the SIR
meas Jrercﬁs, an excess number of SIR test coupons is used for ion chromatography| This
gives @ e typical fingerprint over the placement density and a clearer correlation to the SIR
readings-than-if the o |C
in the climate chamber for SIR measurement are not used for ion chromatography later and
vice versa. SIR and IC measurements are done on separate parts that were manufactured at
the same time, if used for correlation studies between SIR and IC and for derivation of a
fingerprint. In case of failure analysis on tested SIR boards, analysis methods like IC are of
course be carried out on the tested specimen (see 6.2.5).

nNan ne_mea emen gone_on ne allilaYala NOolLe na Da na |aced

The solder mask adhesion coupon and the SIR mini coupon are also part of the original B52-
layout. The use of these parts is optional and not required for SIR investigations as described
in this document.
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7.3

The test patterns

In Figure 33, the different test patterns on the IPC-B52 SIR-part are shown which consists of
14 sections. In Table 8, the different placement positions are explained, and recommendations
are given where adaptation possibilities have proven to be advantageous.
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Table 8 — List of materials for components with recommendations for minor adaptations

Figure Component, pattern Qty Comment, recommendation
ID

12 MLCCO0402; surface mount ceramic 8 Unchanged; higher capacity of component with
capacitor, 0402 body, < 10 pF, = 50 VDC, < 220 pF might also work but needs to be verified
5 % tolerance

2b BGA, 256 10, 1,0 mm pitch, isolated, full 1 Unchanged or change to BGA with 0,8 mm pitch;
16 x 16 array, 17 mm body size fully isolated, no internal die or wire; weakness at

interposer can lead to pseudo SIR-failures
32 MLCCO0805; surface mount ceramic 15 Unchanged; higher capacity of component with
capacitor, 0805 body, < 10 pF, = 50 VDC, < 220 pF might also work but needs to be verified
5 % tolerance
4b QFP160, 0,65 mm pitch, 28 mm square 1 Optional; can be used as lid above the,comb
body, isolated structure 5 so that active flux is entrapped unfder
the QFP

5 Comb under QFP160 1 Unchanged if used with QFP165\id or change to
comb structure that can be printed with solde
paste without lid. Size could be 318/318 um
line/space as on B53. Application of solder mpsk
dam between single lines recommended

6° QFP80, 0,5 mm pitch, 12 mm square 1 Unchanged, fully.isolated, no internal die or wire

body, isolated

7 Comb under QFP80 1 Unchanged, 0yT 8mm space, QFP80 is used 3s lid
above the'gomb structure so that flux residuep can
interfefe with the comb structure

82 MLCCO0603; surface mount ceramic 15 Unghanged; higher capacity of component with

capacitor, 0603 body, < 10 pF, = 50 VDC, < 220 pF might also work but needs to be ver|fied
5 % tolerance

9 SOIC16, 1,27 mm pitch, isolated 4 Changed; size of SOIC is not critical; area copld
be used for custom patterns

102 MLCC1206; surface mount ceramic 15 Unchanged; higher capacity of component with

capacitor, 1206 body, < 10 pF, = 50 VDC, < 220 pF might also work but needs to be ver|fied
5 % tolerance

11 Area for 2 custom patterns 2 1 or 2 patterns can be integrated in this area Jike
comb structures under solder mask or bottom
terminated components (e.g. QFNs)

12 SMT connector, 1,0 mm pitch 1 Optional; can be used unpopulated as comb
structure with 0,4 mm space and large flux repidue
reservoir

13 Plated through_holes, 2,0 mm pitch 1 Unpopulated and not soldered used for test of
clearance quality.

Unpopulated or populated used for test of TH|T
soldering with selective flux contamination. Oply
required if THT soldering needs to be qualified.

14 Plated through holes, 2,5 mm pitch 1 Unpopulated and not soldered used for test of
clearance quality
Unpopulated or populated used for test of THT
soldering with selective flux contamination. Only
required if THT soldering needs to be qualified.

a8  Within a group of MLCCs, the capacities need to be identical.

It is important that these parts are real dummies without die or internal wiring. Sourcing such components is

proving increasingly difficult. Replacing these devices with mechanical dummies based on FR4 CB material
can be an option. It needs to be ensured that identical behaviour as from components with mold housing is
present.
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