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INTERNATIONAL ELECTROTECHNICAL COMMISSION

QUALIFICATION AND PERFORMANCE SPECIFICATION
FOR HIGH DENSITY INTERCONNECT (HDI)
LAYERS OR BOARDS

FOREWORD

A PAS|is a technical specification not fulfilling the requirements for a standard le to the

public gnd established in an organization operating under given procedures.

IEC-PAB 62293 was submitted by the IPC (The Institute for Interconnecting ircuits) and

has begdn processed by IEC technical committee 91: Electronics assembily t

The text of this PAS is based on the This P
following document: publicatj
commyiftee cohger
thefigllow g d
Draft PAS f\\)sépyr{ on'\oting
91/248/PAS N o [ dUzporyd

Followipg publication of this PAS, the techni i i ill i jgate the

possibility of transforming the PAS into an Intern \

An IEC}PAS licence of copyig C and is

recordqd at the Central Office

1) The|lEC (Internat prising all
natignal electrotechrica a tional co-
operation on all quesho i afdizati i i ic fi i hd and in
addifion to other & \ technical
comfittees; an ee_interested in the subject dealt W|th may participate in this preparatory work.
InterEationaI Qn-governmental organizations liaising with the IEC also participaje in this
prepfration. Y o8ely with the International Organization for Standardization (ISO) in agcordance
with|congd ment between the two organizations.

2) The [fori gree ents of the IEC on technical matters express, as nearly as possible, an international
congensus v opi elevant subjects since each technical committee has representation from all jnterested
Natipnal Committees.

3) The|documents producegd have the form of recommendations for international use and are published in the form of
stanfardsy.technical specifications, technical reports or guides and they are accepted by the National Committees in
that Fense.

4) In order to promote international unification,

IEC National Committees undertake to apply IEC International

Standards transparently to the maximum extent possible in their national and regional standards. Any divergence
between the IEC Standard and the corresponding national or regional standard shall be clearly indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The

IEC

Gpc

shall not be held responsible for identifying any or all such patent rights.

Page i
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HIERARCHY OF IPC QUALIFICATION AND
PERFORMANCE SPECIFICATIONS
(6010 SERIES)

IPC-6010

IPC-6011
GENERIC

IPC-601 IPC-6013 IPC-6014 W 01 IPC-6018
RIGID FLEX PCMCIA/\ CM- (\ HIGH FREQUENECY

o

FOREWORD

This specificatign is intended to providé\ i det% performance criteria of High Density Interconnject lay-
ers only. The inflormation contained j e JeRreri Irements, identified in IPC-6011, as well as fequire-
ments relating t the core constructipn, Ndentfied i i -6012 (rigid), IPC-6013 (flex), IPC-6015 (MCM-L)
or |PC-6018 (mjcrowave). Th \ DI |ayer
should not modify most (if hgether,
these documentg should lead bot ‘ - oes not
employ a core ¢onstruction, tf puld be
used for evaluat|ng criterig

Within this doci

is also included
ered.

NOTE: IPC-60
processes and ¢
layers formed by :
non-plated copper processes). As experiences are gathered criteria for these processes WI|| be added. In the meann me, the
customer and manufacturer should work together to set the criteria for acceptance of product using the new technologies.

IPC's documentation strategy is to provide distinct documents that focus on specific aspects of electronic packaging issues.
In this regard, document sets are used to provide the total information related to a particular electronic packaging topic. A
document set is identified by a four digit number that ends in zero (0) (i.e., IPC-6010). The generic specification, the first
document of the set, is supplemented by one or multiple sectional documents, each of which provide specific focus on one
aspect of a topic or technology. IPC invites input on the effectiveness of the documentation and encourages user response
through the ** Standard Improvement Form” located at the back of each document.
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Qualification and Performance Specification
for High Density Interconnect (HDI) Layers or Boards

1 SCOPE

This specification establishes the specific requirements for
organic high-density interconnect (HDI) layers with
microvia technology and the quality and reliability assur-
ance requirements that must be met for their acquisition.

IPC-PC-90 General Requirements for Implementation of
Statistical Process Control

IPC-FC-231 Flexible Base Dielectrics for Use in Flexible
Printed \I\Iiring

1.1 Purpose The requirements contained herein are
intended|to reflect the electrical, mechanical, and environ-
mental properties unique to the HDI layer. It is NOT
intended| to specify overall requirements for the core,
which arg already documented in the sectional performance
specificajions. 1PC-6012 (rigid), IPC-6013 (flex), IPC-6015
(MCM-L)), or IPC-6018 (microwave).

1.2 Performance Classification This specification rec-
ognizes HDI layers or boards will be subject to variations
in performance requirements based on end use. The accep-
tance criferia of HDI layers are organized into g ;
categorigs (A, B, C, etc., see Appendix A), wki
those typical end-use applications. Users of this d

shall select a slash sheet category that mogt™ closely
resemblgs their product and are encouraged to
necessary.
1.3 Slagh Sheet Categories
A. Chip|Carrier

B. Hand Held (cell -@.
C. High|Performance {aviori

time of order form a part of this document to the extent
specified herein. If a conflict of requirements exists
between IPC-6016 and the listed applicable documents,
IPC-6016 shall take precedence.

2.1 IPCt

IPC-T-50 Terms and Definitions for Interconnecting and
Packaging Electronic Circuits

1. IPC, 2215 Sanders Road, Northbrook, IL 60062-6135

ilms for Use as
g and Flexible

jcs for Use in

d Inspection of
Bs

Microsectioning—Semi or Autonjatic Technique
Microsection Equipment (Alternafe)

4.1 Adhesion, Tape Testing
Pedl Strength of Metallic Clad Lgminates

24.21.1 Bond Strength, Surface Mount |ands Perpen-
dicular Pull Method

Bow and Twist
257 Dielectric Withstanding Voltage, PWB

2.6.3 Moisture and Insulation Resisjance, Printed
Boards

Therma Shock, Continuity and| Microsection,
Printed Boards

2.6.8 Thermal Stress, Plated-Through Hloles
26.81 Therma Stress, Laminate

Assessment of Plastic Surface Mount Compo-
S Tt i sture/Reflow

2.6.7.2

Induced Damage

IPC-ET-652 Guidelines and Requirements for Electrical
Testing of Unpopulated Printed Boards

IPC-CcC-830 Quadlification and Performance of Electrical
Insulating Compound for Printed Board Assemblies

2. For convenience, applicable test methods are reprinted in the back of this standard. They represent the latest method in effect at the time of publication. Test
methods may be updated independent of standard revision. Users should check the IPC website (www.ipc.org) for the most current test method available.
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IPC-2221 Generic Standard on Printed Board Design

IPC-2226 Sectional Design Standard for Organic High
Density Interconnect (HDI)

IPC-4101 Specification for Base Materials for Rigid and
Multilayer Printed Boards

IPC-4104 Specification for High Density Interconnect
(HDI) and Microvia Materials

3.1.1.4 Core A single-sided, double-sided or multilayer
board or flex circuit that is used as a carrier for HDI layers
and meets the requirements of one of the following perfor-
mance specifications. 1PC-6012, IPC-6013, IPC-6015 or
IPC-6018.

Capture

Microvia

Target Land

IPC-6011 Gereric—Performarce—Speciicationm for Primted

Boards

IPC-6012 Qudlification and Performance Specification for
Rigid Printed Boards

IPC-6013 Qudlification and Performance Specification for
Flexible Printgd Boards

IPC-6015 Qudlification and Performance Specification for
Organic Multi¢hip Module (MCM-L) Mounting and Inter-
connecting Strjictures

IPC-6018 Midrowave End Product Board Inspectionand
Test

IPC-7721 Repgair and Modification of Printed Boards
Electronic Assemblies

2.2 Joint Indystry Standards?

3-5TD-003  Sdderability T@

3 REQUIREMENTS

3.1 General
under this spgcification
requirements of thi
as modified by| the

3.1.1 Terms jand Definitions_ A he definition of terms
used herein shall be.as specified in IPC-T-50 or as listed in
3.1.1.1 through 3.11.4.

[C-6016-3-1

reinforced lamingtes, clad
on the procurement docu-
or IPC-

tlad and
i, Shall be as specified on the procurement documen-

apd shall be selected from |PC-FC-231, 1P¢-FC-232
-FC-241. The type and metal thickness shjall be as

3.2.3 Bonding Materials Bonding materials shill be as
specified on the procurement documentation and| shall be
selected from IPC-FC-232 and |PC-4101.

3.2.4 Other Dielectric and Conductive Materials Other
materials shall be selected from IPC-4104 or as|specified
on the procurement documentation.

3.2.5 Metal Foils Meta foil materials shall bg selected
in accordance with the sectional performance spegification
for the applicable core board (i.e., IPC-6012 or IHC-6013).

3.1.1.1 Target Land The land on which the microvia
ends and makes connection.

3.1.1.2 Capture Land The land where the microvia
starts, and varies in shape and size based on use (i.e., com-
ponent mounting, via entrance conductor, etc.)

3.1.1.3 Microvia Processed/plated hole < 0.15 mm diam-
eter (this specification can also be used for layers or boards
where vias are > 0.15 mm diameter).

3.2.6 Metallic Plating and Coatings The final circuit
finish and other depositions shall be selected in accordance
with and meet the requirements established in the appli-
cable sectional performance specification (i.e., IPC-6012,
IPC-6013, etc.). The minimum thickness of plated copper
in the microvia shall be 10 um. The minimum thickness of
conductive material in microvias, which are formed and
made conductive by a process that is significantly different
from conventiona plated-through hole constructions (i.e.,
non-plated copper processes), shall be as specified on the
procurement documentation.

2
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3.2.7 Solder Resist Solder resist material shall be
selected in accordance with the applicable sectional perfor-
mance specification (i.e., IPC-6012, |PC-6013, etc.).

3.2.8 Marking Inks Marking inks shall be selected in
accordance with the applicable sectional performance
specification (i.e., IPC-6012, IPC-6013, etc.).

3.2.9 Hole Fill Material When required, the material
used for hole fill shall be selected from IPC-4104 or as
specified on the procurement documentation. Hole fill

applied to the surface and removed by manual force
applied perpendicular to the circuit pattern.

There shall be no evidence of any portion of the plating or
the conductor pattern being removed, as shown by particles
of the plating or pattern adhering to the tape. If overhang-
ing metal breaks off (sliver) and adheres to the tape, thisis
not evidence of plating adhesion failure.

3.3.6.2 Metal to Dielectric Adhesion Peel strength test-
ing shall be performed in accordance with IPC-TM-650,

material Bhall provide a planar surface and survive perfor-
mance testing as the product requires without lifting or
cracking|the dielectric layer.

3.3 Visyal Examination Finished boards using HDI lay-
ers shalll be examined in accordance with the following
procedurg. They shall be of uniform quality and shall con-
form to 3.3.1 through 3.3.7.

Visual ekamination of the circuits for applicable dimen-
sional or|workmanship attributes shall be conducted at 30X
minimunp.

3.3.1 Edges Nicks or haos on finished board
adjacent
below the minimum specified on the procurement
mentatioh. Nonconductive burrs

ished bogrd shall be acceptable.

3.3.2 Syrface Dielectric |
voids ar acceptabled
tors or reduce the spasing

mum spdcified on the prog

thicknesq
documerttation.

3.3.3 Lifted Landsy The finished HDI layer or board shall
not exhibit any<ifted and

3.3.4 Marking Markings shall be in accordance with the

Method 2.4.8, if not supplied in the laminate certification.
Type and frequency of t 18 ifled on the pro-
curement documentatiog. dhall meet the

efmal stress test-
IPC-TM-650,
e of delamina-

ing shall be
Method 2,6.8.

5 shall be pro-
in quality and
ter, oil, finger-
that affect life,
kened appear-
en the nonme-
foreign matter

DI layers or boards shall be free of defeqts in excess of
ose allowed in this specification. There shall be no evi-
dence of any lifting or separation of platings from the sur-
face of the conductive pattern, or of the congluctor from the
base laminate in excess of that allowed. There shall be no
loose plating dlivers on the surface of thg HDI layer or
board.

3.4 Dimensional Requirements All dimehsional charac-
teristics shall be as specified on the procureqnent documen-
tation.

The accuracy, repeatability, and reprodugibility of the
equipment used to verify the characteristicd of HDI layers
or boards should be 10% or less of the tolgrance range of

the dimensions being verified. A meas:]ement system
evaluation shall he pnrfnrmnd oneach gauging system (see

applicable sectional performance specification (i.e., IPC-
6012, 1PC-6013, etc.).

3.3.5 Solderability Solderability of surfaces shall be in
accordance with the applicable sectional performance
specification (i.e., IPC-6012, IPC-6013, etc.).

3.3.6 Adhesion

3.3.6.1 Metal to Metal Adhesion The adhesion of the
plating shall be tested in accordance with IPC-TM-650,
Method 2.4.1, using a strip of pressure sensitive tape

e

IPC-9191).

Automated inspection technology is allowed provided it
meets requirements for repeatability (see IPC-Al-642).

3.4.1 Hole Pattern Accuracy The accuracy of the hole
pattern on the HDI layer or board shall be as specified on
the appropriate specification slash sheet.

3.4.2 Registration (Internal)

3.4.2.1 Microvia to Target Land Breakout at the target
land is alowed up to 180°. Breakout, if it occurs, shall

3
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neither reduce the intended contact area (at the target land)
below that specified on the applicable slash sheet nor
reduce the minimum electrical spacing below that specified
on the procurement documentation. Registration measure-
ments at the target land may (at the suppliers option) be
determined during microsection evaluation (see 3.6) or by
another method as agreed upon between supplier and user.

Note: If using an ablation-type process, tangency may be
required as a minimum (due to potential reduction in
dielectric separation).

reduce the conductor width by more than that allowed on
the respective slash sheet.

3.5.2 Conductor Spacing Unless otherwise specified on
the procurement documentation, reductions shall not
reduce the conductor spacing by more than that allowed on
the applicable slash sheet.

3.5.3 Conductive Surfaces

3.5.3.1 Nicks and Pinholes in Ground or Voltage

Planes For nicks and plnhnlm n grnllnd or V0|tage

3.4.2.2 PIatecIt—Through Holes Internal registration for
plated-through{holes shall be in accordance with the appli-
cable sectional performance specification (i.e., IPC-6012,
IPC-6013, etc.).

3.4.3 Annular Ring (External)

3.4.3.1 Capture Land to Microvia Capture lands shall
have tangency] a&¢ a minimum. Breakout is not allowed,
unless the design and procurement documentation specify
(i.e., landless microvia). See Figure 3-2.

Q)

Best Acceptable

Figure 3-2 Ca

3.4.3.2 Plated
plated-through
cable sectional
IPC-6013, etc.).

3.4.4 Bow ar
thereof, shall pe as specifi
and tested in agcordance with IP

Or any combination
le applicable slash sheet
-TM-650, Method 2.4.22.

planes, the maximum size allowed shall be 2650 pum for

ps, pits,
Dothness,
and sup-

hg lands
d nickel

3.5.3.3.2 Test Probe Dents Dents caused by tgst probes
are acceptable when the bondable finish is not pigrced and
they do not violate wire bond adhesion requiremerjts. Dents
shall be no greater than 10 um in diameter when g¢xamined
under 10X magnification.

3.5.3.3.3 Surface Contaminants Wire bond|surfaces
shall be free of any contaminants, dirt, dust, for¢gign mat-
ter, and discolorations.

3.5.3.3.4 Wire Bond Adhesion Plated bonding grea shall
be evaluated in accordance with IPC-TM-650,] Method

3.5 ConductorDefinitiom AN —conmductive sorfaces o
HDI layers or boards including conductors, lands and
planes shall meet the visual and dimensional requirements
of 3.5.1 through 3.5.3. Unless otherwise noted, visual
examination of the circuits for applicable dimensiona or
workmanship attributes shall be conducted at 30X mini-
mum. Other magnifications may be required by procure-
ment documentation or specification. AOI inspection meth-
ods are permitted.

3.5.1 Conductor Width Unless otherwise specified on
the procurement documentation, reductions shall not

2.4.42.3, and capable of meeting the requirements of Table

3-1 without incurring any of the following situations:

a) Failure in bond (interface between wire and metalliza-
tion) at substrate.

b) Separation of metallization layer on the land area.

c) Land islifted from substrate.

3.5.3.4 Edge Board Connector Lands Edge board con-
nector lands shall be in accordance with the applicable
sectional performance specification (i.e., IPC-6012, IPC-
6013, etc.).

4
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Table 3-1 Wire Bond Adhesion Requirements

Microvias shall be examined for plating integrity and inter-
connection integrity at a magnification of 200X + 5%. Ref-

Minimum
N Wire composition bond strength eree examinations shall be accomplished at a magnification
Test Condition and diameter (grams force) of 400X + 5%. Each side of the hole shall be examined
CorD :b 1188 %g independently. Examination for laminate thickness, foil
- T 2'5 thickness, plating thickness, lay-up orientation, lamination,
or AL 25 30 p!a;i ng voids, and so forth, shall be accomplished at mag-
corb D) 30 nifications specified above.
AU 32 4.0 Conventional plated-through holes shall be examined in
CorD AL 33 3.0 accordance with the applicable sectional performance
AU 33 20 specifiation-fi-e-HRC-6012+PC-6013tc).
CprD AL 38 4.0 i
AL 38 5.0 ess)
cprD AL 76 12.0
AU 76 15.0 holes, blind,
3.5.3.5 |Conductor Edge Integrity Conductor edges O;tm-alng$a;;
shall haye no evidence of divers when tested in accor- necions
ben plated hole

dance IPC-TM-650, Method 2.4.1.

3.5.3.6 Nonwetting For conductive surfaces intended to
be soldefed, nonwetting is not permitted.

3.5.3.7 [Final Finish Coverage Final finish soverage
shall be |n accordance with the applicable sectiQnal perfd
mance specification (i.e., IPC-6012, IPC-6013, ett.).

3.5.3.8
as via-in-land technology, they
acceptanfe as defined in the p
(i.e., coplanarity, solder wickjng,

3.6 Stru
evaluat
tion bo

Test spegi
agreed u

3.6.1 TH
layers s
with IPE
number
ber of sfress cycl&s acceptéble for the core board) or as
specified| on’the’appropriate slash sheet.

sdditional reqyirements shall
t documentatijon.

grity There shall he no dielectric
dielectric separation (Igyer-to-layer or
ified in the pro-

Copper Plating Thickness Based on microsec-
ination or the use of suitable elegtronic measur-
the microvia
hall be an absolute minimum of 10 um, as $pecified on the
respective slash sheet, or as stated in the procurement
documentation. No voids are allowed.

3.6.3.4 Fused Tin-Lead Plating and Sqlder Coating
Fused tin-lead plating and solder coating, |if used on the
HDI layer, shall meet the solderability r¢quirements of
JSTD-003. Solder or reflowed tin-lead coverage does not
apply to vertical conductor edges.

3.6.3.5 Conductor Thickness Conductor [thickness shall
be greater than or equal to the minimum gpecified in the
procurement documentation or > 80% the nominal
specified in the procurement documentation|for all non-via
surfaces.

3.6.2 Microsection Technique Following stress, HDI
layers or boards shall be microsectioned by either of the
two techniques outlined below or with another procedure
agreed upon between user and supplier.

Microsectioning shall be accomplished per |PC-TM-650,
either Method 2.1.1 or 2.1.1.2, on boards using HDI as
agreed to between user and supplier. A minimum of three
holes or vias shall be inspected in the vertical cross sec-
tion. The grinding and polishing accuracy of the microsec-
tion shall be such that the viewing area of each of the three
holes is within + 10% of the diameter of the hole.

3.6.3.6 Dielectric Thickness The minimum dielectric
thickness over circuitry shall be as specified in the procure-
ment documentation.

3.6.3.7 Microvia Contact Area Microvia contact area, as
defined by the interface between the microvia and the tar-
get land, shall not be reduced by more than that allowed
on the applicable slash sheet. Any non-conductive residues
on the surface of the target land shall be considered part of
the reduced contact area. Contact area may be determined
by another method as agreed upon between supplier and
user.
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3.6.4 Filled Vias Buried vias and/or buried microvias
shall be filled and inspected in accordance with the pro-
curement documentation. Blind vias on the external layers
do not have any fill requirements.

3.6.5 Lifted Lands

3.6.5.1 Microvias The finished HDI board shall not
exhibit any lifted microvia lands after thermal stress.

3.6.5.2 Plated- Through Holes Plated through holes on
the finished H] ; s - R
mal stress proyided the V|sual crlterla of 3.3. 3 are met.

3.7 Other Tegts Other test and requirements specific to
HDI layers arjd boards may be required and should be
called out in the applicable slash sheets.

3.7.1 Bond $trength, Unsupported Hole or Surface

The current passed through the conductors shall not
exceed that specified in IPC-2221 and IPC-2226 for the
smallest conductor in the circuit. For qualification, the test
current shall not exceed one ampere. HDI boards with
designed resistive patterns shall meet the resistance
requirements specified on the procurement documentation.

Alternative test methods, agreed to by supplier and user,
may be utilized to verify electrical integrity of HDI boards.

3.9.1.2 Isolatlon HDI Iayers or quallflcatlon test boards
3 ping-procedure.

be high
the mea-
gh to pre-
ich could

Mount Land

surface mount
following prod
unsupported h

A minimum of three unsupported holes or
lands shall be tested in accordance with the
pdure. The surface mount land or land of an
ple shall withstand 2 kg or kg/cm? which-

pltage of
it voltage

ever is less.

Bond strength shall be performed in accordance with R
TM-650, Methpd 2.4.21.1, for surface mount lands. For {hs
unsupported hole lands, the soldering and tensile (pull
method are thg same as in IPC-TM-650,.Method 2.4.21.1.
Calculations of land area of the unsugpor

include the arga occupied by the hgle.

3.8 Solder Rgsist (Solder Mask)\Requirexeqts
resist coveragg shall be in i ‘
sectional perfgrmance specificaron\(ive:

6013, etc.) and 3.8.1.

3.8.1 Solder
resist shall ng
ductive featurgb
is less. Encroag
ment sites shal
mentation.

3.9 Electric
below, the HDI Tayers and boards sl ]
requirements detailed in the following paragraohs.

3.9.1 Circuitry HDI layers and boards shall be tested in
accordance to |PC-ET-652.

3.9.1.1 Continuity Printed boards using HDI or qualifi-
cation test boards shall be tested in accordance with the
following procedure. There shall be no circuits whose
resistance exceeds that specified on the applicable slash
sheet. The acceptability criteria for specialized conductors
shall be specified on the procurement documentation.

icgble cou-
bets shall

pattern and adjacent common portions of each gonductor
pattern. The voltage shall be applied between gonductor
patterns of each layer and the electrically isolatgd pattern
of each adjacent layer. Unless otherwise defined on the
procurement documentation, test voltages shall gppear on
the appropriate specification sheets.

3.9.3 Insulation Resistance Test specimens [shall be
tested in accordance with the procedure outlingd below.
The insulation resistance shall be no less than t
on the respective slash sheets.

ooling, the
msulatlon resistance test shall be performed in accordance
with the ambient temperature measurements specified in
IPC-TM-650, Method 2.6.3.

3.10 Environmental HDI layers and boards shall meet
the environmental requirements detailed in this section.

3.10.1 Moisture and Insulation Resistance Test cou-
pons shall be tested in accordance with the procedure out-
lined below. The specimen shall not exhibit measling, blis-
tering, or delamination in excess of that alowed in the

6
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applicable slash sheet. Insulation resistance shall meet the
minimum requirements established in the slash sheets for
that particular application.

Testing of moisture and insulation resistance for HDI lay-
ers and boards shall be performed in accordance with |PC-
TM-650, Method 2.6.3. Conformal coating in accordance
with IPC-CC-830, if specified, shall be applied to the
external conductors prior to chamber exposure. Final mea-
surements shall be made at room temperature within two
hours after removal from the test chamber. All layers shall
have a iz }
ing ch

ber exposure.

3.10.2 Thermal Shock When specified, HDI boards or
test specimens shall be tested for thermal shock in accor-
dance wifth IPC-TM-650, Method 2.6.7.2, with temperature
limits as|specified in the applicable specification sheet. The
specimen shall meet the circuitry requirements of 3.9.1.1.
An increpse of 10% or more in the resistance shall be con-
sidered njot acceptable. After the last cycle, the specimens
shall bg microsectioned and meet the requirements of
3.6.3.1 and 3.6.3.2 and those of the applicable slash sheet.
3.10.3 Cleanliness Cleanliness shall be in “sccortg
with the

3.11 Spgcial Requirements Op
procurenpent documentation, so
requir ts listed in 3.11.1 |tk

special rotation on the pro
designat¢ which are @d
3.11.1 ¢
with thg
(i.e., IPQ

3.11.2 (
shall be

3.11.3 Hungds ;Resistante Fungus resisitance shall be
in accorflahce with the applicable sectiona performance

3.11.4 Vibration Vibration shall be in accordance with
the applicable sectional performance specification (i.e.,
IPC-6012, IPC-6013, etc.).

3.11.5 Mechanical Shock Mechanical shock shall be in
accordance with the applicable sectional performance
specification (i.e., IPC-6012, IPC-6013, etc.).

3.11.6 Impedance Testing

Impedance testing shall bein

accordance with the applicable sectional performance

3.12 Repair Repair of bga

7721).

asting, and Quality
ity” Assurance Provis

tional performance specification (i.e., IPC-6
etc). If the applicable sectiona performance

not defined by the presence of a core, thI

product for delivery shall be as defined on't
documentation.

4.1.2 Referee Tests Two additional mi
from the same panel may be prepared ang
microsection defects that are considered to
random in nature or caused by microsecti
For acceptance, both referee sets must be d

specification (i.e., IPC-6012, IPC-6013, etc.).

HDI layers and
e Qualification
Conformance
ons are Sspeci-
and additional
land boards are
brmance speci-

of product for
bpplicable sec-
D12, 1PC-6013,
specification is
inspection of
e procurement

Crosection sets
evaluated for
be isolated or
DN preparation.
sfect free.

specificati ;5 = ; =6013etc):
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Appendix A

IPC-6016 End Use Application Slash Sheets (see 1.2 & 1.3)

Dofaultl Insert Your
/ Microvia PWB A B C D E Application
Q\ Please read the Chip Carrier Hand Held High Harsh Portable Describe:
1, Nen Bangn Cononone | P et~ |~ Automote: PDA'S
. when R appears 9 Military/ Medical Space
Inspection Pafagraph eter as the default
Materials 3.2.
Metallic Plating & Coatings Cu:10<x<25 Immersion Au:
7 Electrolytic Ni: 0.08 <x<0.20
<x<12 Electroless Ni:
lectgoless Ni: 1.30 < x<5.00
<x<7
ectrolytic Au
H<x<15
Electroless Au
N 5<x
Solder Resist 3.27 \A{speyrﬁe(% //—\ S
Marking Inks 3.2.8 As %cﬂi&j l %/ . V
Hole Fill Material 3.2.9 As specitied” |/~ )
Edges 33.1 Visual R éﬁ@/do ot
exten
—_ bofond,
Surface Imperfections 3.3.2 Visual R NO“évjdenc
delawingtion,
measlies, or /|
conductive @
foreign material /
Lifted Lands 3.3.3 Visual None allowed /<\”§ >
Marking 3.34 Visual As specified Completely legible \/ K) /
from 30 cm /4 - >
Solderability 3.35 Visual As specified 95% coverage J-STDB¢ / 0&‘/
of land with
solder dip 7 A
Adhesion 3.3.6 \59- /
Metal to Metal 3.3.6.1 Visual R \ -/
Metal to Dielectric |  [3.3.6.2 kglem 0.60 0.90 Ve 0.60
ielectric to Core .3.6. isua -
Dielectric to C 3.3.6.3 Visual R /7
Workmanship 3.3.7 Visual R

9311002 ‘Dd| ‘6661 © 1BuAdoD 9109-0d
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Default * Insert Your
Microvia PWB A B C D E Application
Please read the Chip Carrier Hand Held High Harsh Portable Describe:
noted paragraph Cell Phone Perfqrmance Environm_ nt PC'§
when R appears Pagers _Avionics / Automotiye PDA’s
Inspection Pa@h Parameter as the default Miltary/ Medical Space
Hole Pattern Acc. 3. ‘M’/’/ m + 0.08
Registration (Internal) 3.4.2 V@ >
Microvia Target Land 3.4.2.1 / /) ym / B/\
Annular Ring (External) 3.4.3< % ,V
Capture Land Microvia 3.4.3.1 / rﬁ'ﬁ'@{ /@ [~
Bow & Twist (Max) 3.4.4 % ax// i 075% > 35 mm: 0.6%
Y 0.4%
< 35 mm:
o/ <0.3%
Conductor Width 351 % reduction 50% Yor 0.10 mm 25%
L 7~/1) or more length
Conductor Spacing 3.5.2 % reduction \/W 25%
Nicks & Pinholes 3.5.3.1 Hm max. 15(</
Surface Lands 3.5.3.2 % max. 20% 10%
Wire Bond Surface 3.5.3.3 Visual R
Gold Plating Surface 35331 Visual R
Test Probe Dents 3.5.3.3.2 pm max. 10
Contaminants 3.5.3.33 Visual R
Wire Bond Adhesion 35334 R /
Edge Bond Connector 3.5.3.4 As specified s >
Lands / .
Conductor Edge Integrity 3.5.3.5 Visual No slivers vﬁ{ A—\
Nonwetting 3.5.3.6 Visual R S?\_‘)A/q )
Final Finish Coverage 3.5.3.7 Visual As specified %"/ /
Microvia in Land 3.5.3.8 As specified /(9/
Thermal Stress 3.6.1 Cycles 5 < 00~
Microvia Integrity 363
Plating Integrity 3.6.3.1 Microsection R
Dielectric Integrity 3.6.3.2 Voids/board As specified None
Cu Plating Thickness 3.6.3.3 Um min. 10 10sx<25 15

666T Aen
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ot

Default * Insert Your
Microvia PWB A B C D E Application
Please read the Chip Carrier Hand Held High Harsh Portable Describe:
noted paragraph Cell Phone Performance | Environment PC's
. when R appears Pagers Milig\?)?/nll\(/:IZéical Aug:gggve PORS
Inspection Paragraph Parameter as the default
Fused Tin-Lead 36:3.4 Micragection R
Conductor Thickness 3%‘(3‘ / ) As specified
Dielectric Thickness 3.6.3‘.-(V,.,/ /ﬁp/\ As specified > 0.05
Microvia Contact Area 3.6.3.7 yfwﬂsecticy( 50%~
Filled Vias 3.6.4 ecfio A s@@ Completely filled,;
< A /%V) Overfill < 0.5 mm
Lifted Lands 365 / O / 7
Microvias 3.6.5.1 M(;w{ecti A Iyzﬁeéllowe
Plated-Through Holes 3.6.5.2 Microsgz(ion /)/R /
Other Tests 3.7 /‘ //ﬂg( A
Bond Strength 3.7.1 kg C"f‘ 7, s \)
Solder Resist Coverage 3.8.1 Visual \//ﬁ (O/. /
Electrical Properties 3.9 & /V/, S \ )
Continuity |  [3.9.1.1 ohms 5o,/ X7/ ~
Isolation 3.9.1.2 megohms 10 %\/5)/
DWV 3.9.2 vDC 1000 L AN
Insulation Resistance 3.9.3 megohms > 10 \'7 '(/// \/
Environmental 3.10 < \
Insulation y;slisstgrelci 104 megohms >0 \/ ’EAQ ) a}OZgIOQV
Thermal Shock |  [3.10.2 ohms < 110% of k % / < 120%
starting L
Thermal Shock |  [3.10.2 °C -65 to +125 -55 to +125 v /4% / -25 to +115
Temperature Limits D
Cleanliness 3.10.3 pg/cm? 1.56 < / &V
Outgassing 3.11.1 As specified 4 £~
Organic Contamin. 3.11.2 As specified SZ)A/q )
Fungus Resistance 3.11.3 As specified \%;/ /
Vibration 3.11.4 As specified /T%
Mechanical Shock 3.11.5 As specified < (/O~
Impedance Testing 3116 As specified /7
Repair 3.12 As agreed

9311002 ‘Dd| ‘6661 © 1BuAdoD 9109-0d
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Default * Insert Your
Microvia PWB A B C E Application
1Please read the Chip Carrier Hand Held High Portable Describe:
noted paragraph Cell Phone Performance PC'§
Inspection Pa@h Wgse rt]hlz 32231?5 ragers Milig@nﬁzéical i o
JPCA-BUO1 Tests C
CTE Y
Water Absorption / / \
Drying <
lonic Impurity 3.10.3 /
Impedance 3.11.6 {
Flatness 3.4.4 ,/ /
Peel Strength - Conductor 3.3.6.2 )4// ~
Pull-Off Strength - Lands 45.3.3.4 CA~/ N
Thermal Resistance ? 3.6.1 N / (O/ /
Thermal Shock - Air 3.10.2 //—\ >

Bias Test (HiT/HiH)

HiT Shelf

i1

666T Aen
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METRIC CONVERSION TABLE
micrometers micrometers
(microns) mm inch (microns) mm inch
FIVE DECIMAL PLACES FOUR DECIMAL PLACES (cont.)
0.05 0.00005 0.000002 9.5 0.0095 0.00038
0.06 0.00006 0.000002 10.0 0.0100 0.00040
0.07 0.00007 0.000003 105 0.0105 0.00041
0.08 0.00008 0.000003 11.0 0.0110 0.00043
0.09 6:60069 0-600064 45 8615 60945
0.10 0.00010 0.000004 12.0 0.012q” ©.00p47
0.11 0.00011 0.000004 12,5 00125~ | A\0.00§50
0.12 0.00012 0.000005 13.0 A0 \_PN\-” Boopso
0.13 0.00013 0.000005 135 N\0.05\ (™ 000053
0.14 0.00014 0.000006 THEEE DEQIMAL RPACESN
0.15 0.00015 0.000006 1 NN 0.0004
0.20 0.00020 0.000008 2 SO N\N\oX 0.00008
0.25 0.00025 0.000010 /5 NG, 0.003 0.00912
FOUR DECIMAL PLACES ( 4y X 0002 0.00916
0.1 0.0001 A\ / Al 0.005 0.00920
0.2 0.0002 0.00001,/” N\ P 2\%{) ~/ 0.006 0.00§24
0.3 0.0003 0.00001 ) 0.007 0.00928
0.4 0.0004 0.00002 —} i\%ﬁ 0.008 0.00932
05 0.0005 0.00002 ( A9 D 0.009 0.00036
0.6 0.0006 0.00002 \ 1 0.010 0.00940
0.7 0.0007 \0.p0003 © Ui 0.011 0.0043
0.8 0.0008 [\ 0.00003\ a\ ) 12 0.012 0.00047
0.9 0.0009 [ 8,00004 N\ 13 0.013 0.00§50
1.0 o001, 2 | <0.00q087\ 14 0.014 0.00055
11 0.0 N\ N 0Q000% 15 0.015 0.00960
12 0.001% (\0:00005\, 20 0.020 0.00080
13 00013\ "\, "\ _050005" 25 0.025 0.00§00
1.4 ¢ 080N NN 900006 30 0.030 0.0020
15 \ 0.0015 \0.00006 35 0.035 0.0040
20 [ < \n00Rex 0.00008 40 0.040 0.00160
2.5 N\, 00025\ 0.00010 45 0.045 0.0080
3.0 -08030 ) 0.00012 50 0.050 0.00£00
35 | | 0.0035 0.00014 55 0.055 0.00$20
40 [ 0.0040 0.00016 60 0.060 0.00340
45 0.0045 0.00018 65 0.065 0.00260
5.0 0.0050 0.00020 70 0.070 0.00280
55 0.0055 0.00022 75 0.075 0.00300
6.0 0.0060 0.00024 80 0.080 0.00320
6.5 0.0065 0.00026 85 0.085 0.00340
7.0 0.0070 0.00028 90 0.090 0.00360
7.5 0.0075 0.00030 95 0.095 0.00380
8.0 0.0080 0.00032 100 0.100 0.00400
8.5 0.0085 0.00034 105 0.105 0.00410
9.0 0.0090 0.00036 110 0.110 0.00430

12
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micrometers micrometers
(microns) mm inch (microns) mm inch
THREE DECIMAL PLACES (cont.) TWO DECIMAL PLACES (cont.)

115 0.115 0.00450 1.30 0.0500
120 0.120 0.00470 1.40 0.0550
125 0.125 0.00500 1.50 0.0600
130 0.130 0.00500 1.60 0.0630
135 0.135 0.00530 1.70 0.0670
TWO DECIMAL PLACES 1.80 0.0700

10 0.01 0.0004 1.90 0.0750
0 0.02 0.0008 Z00_ ] 0.0800
B0 0.03 0.0012 (2.10 | o.0830
10 0.04 0.0016 N2 O\ 0.0870
) 0.05 0.0020 NN 0.0900
) 0.06 0.0024 A~ N\ }\@%%\ 0.0950
Q 0.07 0.0028 Q NENEDNEDS 0.1000
B0 0.08 0.0032 NN\ RD 2%0 0.1030
Ho 0.09 0.0036 DX N\2.7D 0.1050
joo 0.10 0.0040 / Xy O\ 2%B0 0.1100
110 0.11 0.0043 [ () . DN 290 0.1150
120 0.12 0.0047 N/ A\ 3.00 0.1200
130 0.13 06050\ R 3.10 0.1230
140 0.14 0.0055 VN 3.20 0.1250
150 0.15 0.0p60" - 3.30 0.1300
160 0.16 0.0063 > 3.40 0.1330
170 017 /| 00087 \ 3.50 0.1370
180 0.18 Nl 0.00%0 "‘\)\/ 3.60 0.1400
100 N QO7EN 3.70 0.1450
4oo 020 DO0BY 3.80 0.1500
350 So028 N0 3.90 0.1530
qoo NN AN 4.00 0.1570
450 J\&3s N\ O op14o 4.10 0.1600
400 N 00N \| 00160 4.20 0.1650
g0 < NOA%) N\ |>  0.0180 4.30 0.1700
qoo N D50\ 0.0200 4.40 0.1730
g0 R\ w\ess > 0.0220 4.50 0.1770
oo HuC 60 0.0240 4.60 0.1800
g0 N7\ 9%5 0.0260 4.70 0.1850
foo \J° 0.70 0.0280 4.80 0.1900
150~ 0.75 0.0300 4.90 0.1930
800 0.80 0.0320 5.00 0.1970
850 0.85 0.0340 5.10 0.2000
900 0.90 0.0360 5.20 0.2050
950 0.95 0.0380 5.30 0.2100
1000 1.00 0.0400 5.40 0.2130
1.05 0.0410 5.50 0.2170

1.10 0.0430 5.60 0.2200

1.15 0.0450 5.70 0.2250

1.20 0.0470 5.80 0.2300

1.25 0.0500 5.90 0.2330

13
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micrometers micrometers
(microns) mm inch (microns) mm inch
TWO DECIMAL PLACES (cont.) ONE DECIMAL PLACE (cont.)
6.00 0.2350 0.6 0.024
6.10 0.2400 0.7 0.028
6.20 0.2450 0.8 0.032
6.30 0.2500 0.9 0.036
6.40 0.2500 1.0 0.040
6.50 0.2550 11 0.043
6.60 0.2600 1.2 0.047
6.70 0.2630 13 7.030
6.80 0.2670 1.4 ( _ (.05
6.90 0.2700 R N 0.060
7.00 0.2750 2N _ 80%0
7.10 0.2800 N2 NN N\ 2o
7.20 0.2830 30N > o.1po
7.30 0.2870 NN WD\ 0.140
7.40 0.2900 O Yo ) 0.160
7.50 0.2950 / © 4R 0.130
7.60 0.3000 ( ( 7,\Q(< N5, 0.200
7.70 0.3030 ( A"/ A\ 55 0.2$0
7.80 0.3070{ N XNV eo 0.240
7.90 0.3100 OV \ L 6.5 0.260
8.00 03150 1 N 7.0 0.240
8.10 03200 | xN > 7.5 0.300
8.20 03236\ N O\ 8.0 0.3%0
8.30 (3270 }S\-’ |\ 8.5 0.340
840 | 0.33¢0\ ¢ ./ 9.0 0.3§0
850\ [T\ D3350\ 9.5 0.340
<8\60) | Ko3xp” 10.0 0.490
870" N\ '\ 0%40Q 10.5 0.410
80\ (N0.3450 ) 11.0 0.430
830 \ N\ o. 115 0.4%0
{ b@q\m‘&\ 3550 12.0 0.4{0
N\ 940 WV \ 0.3600 12.5 0.500
N \&%\\ 0.3630 13.0 0.500
0930 \ 0.3650 NO DECIMAL PLACES
< owq 0.3700 1 0.04
Z) 9.50 0.3750 2 0.08
M 9.60 0.3770 3 0.1p
9.70 0.3800 4 0.16
9.80 0.3850 5 0.20
9.90 0.3900 6 0.24
10.00 0.3930 7 0.28
ONE DECIMAL PLACE 8 0.32
0.1 0.004 9 0.36
0.2 0.008 10 0.40
0.3 0.012 11 0.43
0.4 0.016 12 0.47
0.5 0.020 13 0.50

14
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micrometers
(microns) mm inch
NO DECIMAL PLACES (cont.)
14 0.55
15 0.60
20 0.80
25 1.00
30 1.20
35 1.40
40 1.60
45 1.80
50 2.00 Q\
55 2.20 Q
60 2.40
65 2.60
70 2.80
75 3.00
80 3.20
85 3.40
90 3.60 N
95 3.80
100 400

9,

N\

D
\(</C)

O
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ASSOCIATION CONNECTING
/_ELECTRONICS INDUSTRIES

2215 Sanders Road
Northbrook, IL 60062-6135

IPC-TM-650
TEST METHODS MANUAL

1.0 Scope This procedure is to be used for preparing a

Number
2.1.1

Subject
Microsectioning, Manual Method

Date Revision
3/98 D

Originating Task Group
Post Separation Task Group (D-33a)

4.1 Sample removal method (see IPC-MS-810 for the best

metallograplfic Specimen of printed wirng proaducts. The fin-
ished microgection is used for evaluating the quality of the
laminate sygtem and the plated-through holes (PTHSs). The
PTHs can bg evaluated for characteristics of the copper foils,
plating, andfor coatings to determine compliance with appli-
cable specification requirements. The same basic procedures
may be usefd for mounting and examination of other areas.
Because nanual metallographic sample preparation is
regarded by|many as essentially an art, this method describes
those techniques that have been found to be generally
acceptable. |t does not attempt to be so specific as to allow
no acceptable variations that can differentiate metallogra-
phers. Furthprmore, the success of these techniqueg/rems
highly depemdent upon the skill of the individual metalogra:
pher.

2.0 Applicgble Documents
IPC-MS-810| Guidelines for High Voloxpe

ASTM E 3 | Standard Methods|of
graphic Spefimens

3.0 Test Specimens Cu;t é

printed boald or test coupdn.
prevent danmpage to the al

wheels can|cut close 3
causing darhag e cqramonly \used methods include
intature‘band saw, or abrasive
cut-off wheq]; routing
ing using a|sharp,<hollow tie ot recommended for brittle
materials, i.€., polyimide and some modified epoxy resin sys-

tems). See IPC-MS-810. It is recommended that a minimum

method t0 meet your needs).

4.2 Mount molds
4.3

4.4

0X to 200X

4.9 \Yacuum pump and vacuum desiccator (opfional)

4.10 Room temperature curing potting matdrial (recom-
mended maximum cure temperature 93°C)

4.11 Abrasive paper (USA CAMI Grade grit ngimbers 180,
240, 320, 400, and 600. See Figure 1 for conyersion from
American to European grit sizes).

4.12 Cloths for polishing wheels: a hard, low;, or no nap
cloth for rough and intermediate polishing and a|soft, woven,
or medium nap cloth for final polishing.

4.13 Oxide or colloidal silica polishing suspension (final pol-
ish, 0.3 to 0.04 micron)

of one microsection containing at least three of the smallest
diameter PTHs shall be made for each specimen tested.
When microsectioning multilayer production printed boards
designed without nonfunctional lands on all layers, care needs
to be exercised in choosing the test location such that internal
lands are connected to the selected PTHs. This is so that a
complete quality evaluation can be made.

4.0 Apparatus or Material

7 17 Diamond poishing abrasive (SiX to 0. L Tmitron)

4.15 Polishing lubricant
4.16 Specimen etching solution (see 6.4)

4.17 Cotton balls and swabs for cleaning and etchant appli-
cation

Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
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specimens. Residual flux may result in poor adhesion of the
bt::rptnstou Struc;: Catalog encapsulation media causing gaps between the specimen
ration i enne ] . H
US 52&9,:5‘" Pabriocants des Produits and the media. These gaps make proper metallographic
GRAOE | GRADE Sain etz i) and glves the sample preparation extremely difficult, if not impossible.
800 _p1200 silicon carbide powders of
STRIFERS wet-grinding papecs - - -
300—1—P1 are classified to FEPA grades, 5.2.3 Stand specimen in moynting, perpendicular to the
400—4—P! and specifically to the f
ss0" P-secies. ‘ e of double-
a20-{ o4
280"

P3P0 .
2401 -02p0 he mounting
2204-

180-1—P 180
1502130
1204 o 4o material, by
100—-p1g0 filing. Some
80— P8q
0P8 nded by the
so—{~F order to fill
40474 hmended to
36|-P%
30_—?3{}
24—_p24 .
20-_p2qg b holes filled
16—-p14
12+4—P12

uum degas-

Figure 1 Abrasive paper grit size (Am 'can\é.
European)

4.18 Isoprppyl alcohol,
other suitable solvent (check/forrs

tion media g

4.19 Spec|
4.20 Ultrag

5.0 Proced

5.2.8 Allow specimen to cure and remove hardened mount
from ring. The minimum qualities the mount shoulfl exhibit are:

* No gaps between the potting material and the pample
e The PTHs filled with material
* No bubbles in the potting material

The presence of these deficiencies will result in sgmple prepa-
ration difficulties, as noted in 5.2.2. Identify the sgecimen by a
permanent method. The selected marking system should
remain unaffected by solvent and lubricant expogure.

5.1 Preparption of*‘Specimeén Grind the sample sequen-
tially on 180{ 240,320 grit wheel to within approximately 1.27 5.2.9 For finite plating thickness measuremer
mm of final poliSNdepth. Deburr alt edges prior 10 mountng.

ts, such as

5.2 Mounting Metallographic Sample

5.2.1 Clean mounting surface and dry thoroughly, then
apply release agent to the plate and mounting rings.

5.2.2 Thoroughly clean the sample using a suitable solvent

such as isopropy! or ethyl alcohol. This is especially important
when microsectioning ‘““‘thermally stressed’ (solder floated)

Page 2 of 5

gold and nickel thickness on edge board contacts, the over-
plated specimen may be placed at a 30° angle. This will pro-
vide viewing at twice the actual thickness. The measured
thickness is then divided by two to arrive at the true thickness.
For a more thorough discussion of the techniques of taper
sectioning, refer to the references in 6.5.

5.3 Grinding And Polishing
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5.3.1 Using the metallographic equipment, rough grind the
mount on 180 grit abrasive paper no closer than to the edge
of the PTH barrel walls.

Note: Copious water flow must be used to prevent overheat-

5.3.4 Rough polish the specimen with six micron diamond
abrasive on a hard, low, or no nap cloth. Following rough pol-
ishing, microscopically examine the specimen to verify
removal of all 600 grit scratches. Ultrasonically clean the
specimen, if desired. Continue polishing with one to three

ing and dan age to-the specinen and-removal of grmdlng

debris.

5.3.2 Fine|grind specimen, using copious water flow, to
center of thd PTHSs utilizing 240, 320, 400, and 600 grit discs,
in that order| The final paper (600 grit) should finish at the axial
centerline offthe PTHs. Wheel speeds of 200 to 300 rpm are
generally used during fine grinding. Rotate the specimen 90°
between ea¢h successive grit size and grind for twice to three
times the tinpe it takes to remove the scratches from the pre-
vious step. [The scratch removal can be verified by micro-
scopic inspgction between steps. It is of great importance that
the ground purface of the microsection is in a singlg
The purposg of rotating the microsection 90° bet
cessive grit [sizes is to facilitate inspection. If scratches, are
observed to|be perpendicular to those made during

step perfornjed, it is a good indication that the surface i

flat and the|microsection requires agditignal grirrel

surface of the microsection is not flat Mpon sgmpletiom\Q
grinding opefations, it may not be |ps

grinding opgrations, and
ishing. The netallograph@
coarser grit $izes (180, 240,

deformed arjd fragmented
mation decrpases sharply<belo
microns (400 grit), it i

on 400 grit pnd especially 6
sectioning, rathef th

5.3.3 Rins¢ sample
with filtered fir. Ultrasonica
step.

clean, if desired, between each

Note: Ultradonie” cleaning is highly recommended. especially

micron diamond abrasive again

utes using medium pre
cient if the micrgsection\pas\beex” grovnd “correctly. Wheel

Ccomplished
p one to 0.1
oxide, or a

is only per-
tljm pressure
When using
al polishing

én colloidal silica or 0.05 micron alumina have been used
syiccessfully. However, other variations such ag six micron,
three micron, and 0.25 micron diamond have alsp been used
successfully. Some have even used 1.0 and 0.3 micron alu-
mina on napless cloths followed by 0.05 micron glumina on a
soft, medium napped cloth. This procedure can lpe used suc-
cessfully, depending upon the skill of the metallographer, but
will generally result in poorer edge retention angl more relief
effects than the diamond compounds (see 6.5, Reference 1).

5.3.5 Warning The use of napped cloths can fesult in poor
edge retention (rounding) and relief between [constituents
since it exacerbates the varying rates of material femoval (i.e.,
tin-lead alloy and the softer encapsulation media pre removed
at a faster rate than the copper or glass fibers|in the base
material). The higher the nap, the more the effect. The user

between the finer grinding steps, prior to rough polishing and
between all polishing steps. It is the nature of printed board
specimens, especially those with epoxy base material follow-
ing thermal exposures, to contain voids that can trap grinding
and polishing residues that are not removed during simple
rinsing. Care needs to be exercised not to damage the speci-
men surface with excessive ultrasonic cleaning. Ultrasonic
cleaning for as little as one minute can damage a polished
surface.

needs to minimize the polishing time and use ample lubricant
and light pressure during final polishing.

5.3.6 Rinse in mild soap and warm water or solvent and
blow dry.

5.3.7 Examine and repolish, beginning with six micron dia-
mond, if necessary, until:

1. There are no scratches larger than those induced by the
final polishing abrasive.

Page 3 of 5
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2. The specimen is not higher or lower than the mounting
material.

3. There is no smearing of the copper plating into the PTH or
base material.

5.4.3 Quality observations may include the following: blis-
ters, laminate voids, cracks, resin recession, hole wall pull-
away, plating uniformity, burrs and nodules, plating voids, and
wicking. In addition, plating quality for multilayer printed
boards may include: innerplane bond to PTH, resin smear,

I g Is-at the centerling of the haole
by the governing specification. If the grinding
depth is|insufficient, additional grinding and repolishing
may be required.

5. There is lfttle, if any, visible preparation induced damage to
the glass|fibers of the base material.

See IPC-M$-810 for photomicrographs illustrating some of
the above dualities. When the required microsection quality
has been aghieved, examine the microsection of multilayer
printed boards in the ‘“‘as-polished’ condition as specified in
5.4.1 to iderftify suspect areas of internal layer separation that
appear as dprk lines or partial dark lines. These areass
be verified gfter metallographic etching. There may «ot bea
one-to-one gorrelation of all separations noted “‘as-poli
versus thosg noted after etching, when examined
specified mdgnifications.

5.3.8 Swap specimen with suitabl
6.4) typically| applied for two to t
three seconfl swabbings if nec
interfaces.

Caution: O
line between
ing accurate

5.3.9 Rins¢
etchant.

5.3.10 Rinpe in solent.a

5.4 Evaluafi

5.4.1 Set thenmagnification at 100X and measure all charac-

glass fiber protrusion, and resin_eichback. Somd of the plat-
ing conditions may be obser e polishgd specimen
prior to etching.

6.0 Notes

th a layer of
o the speci-
je retention,
Lirements.

nternal layer
dures covered in 6.2.1 apd 6.2.2 are

F 4 moke
s,poc

6.2.13,1" After polishing and examining with a mptallographic
icroscope, turn power off at the final grinding vheel.

6.2.1.2 Gently regrind the specimen using copipus amounts
of water and 600 grit paper with the wheel in|a stationary
position parallel to the PTH barrels. Six to eight dquble strokes
should be sufficient. This action will remove any ¢opper metal
smear that may have occurred over the interconnection sepa-
ration during rotary polishing.

6.2.1.3 Rinse and dry specimen and repoligh per 5.3.3
through 5.3.7, then reexamine under the metgllograph to
determine if interconnection separation exists.

6.2.1.4 After examination in the ‘“‘as-polished” condition
(and taking photomicrographs, if desired), etch the specimens
with the mild etchant described in 6 4 and rebxamine the

teristics required by the standard or specification using a met-
allograph set for bright field illumination. Referee at 200X,
unless otherwise specified.

5.4.2 Measure the plating thickness in at least three PTHs.
Total surface copper thickness can also be determined on the
same specimen cross-section. Record the plating thickness
determinations and quality of the plating. Plating thickness
determinations should not be made at nodules, voids, or
cracks.

Page 4 of 5

specimen again for interconnection separation and all other
characteristics. There may not be a one-to-one correlation of
all separations noted ‘“‘as polished.”

6.2.2 Mechanical/Chemical Preparation (Attack Polish-
ing) Another useful technique is a simultaneous mechanical/
chemical polish at the final polishing step. Use a mixture of
95% collodial silica and 5% by volume hydrogen peroxide
(30% concentration) and polish on a chemically resistant
cloth. This results in a simultaneous mechanical and chemical
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abrasion of the specimen. The metallographer must be care-
ful to balance the mechanical abrasion with the chemical
abrasion. Too much mechanical abrasion will result in fine
scratches; too much chemical polishing will result in etching of
the specimen. Neither of these conditions is desirable. Experl-
mentation i

6.3 In orddr to develop more insight into detected intercon-
nection sepagrations, regrind and repolish the specimen in the
horizontal plan (perpendicular to the original vertical plane),
and examing the semicircumferential interface. This method
has a low syccess rate when the separation affects less than
50% of the [internal layer thickness (as noted on the vertical
microsectior).

6.4 The foljowing is the recommended solution for specimen
etching.

25 ml ammgnium hydroxide (25-30%)
25 ml-35 mlfof 3-5% by volume stabilized hydrogen p

The addition|of 25 ml of water (distilled or reverse osmosis
dilute the selution, resulting in longer etching time:
may be desifable in certain situations.

Wait five mirjutes before using. Prepare

9,

6.4.1 There are other etchant solutions that have been used
or that may be developed for etching copper. Care must be
exercised in their selection and use because of the sensitive
nature of the electrolytic, electroless, and foil etching charac-
teristics as well as possible galvanlc effects in the presence of

times helpful
hose alloy’s

ratory prac-

, L.E. Sam-
N 0-87170-

ican Society

ge F. Vander

Howard E.
for Metals,
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IPC-TM-650
TEST METHODS MANUAL

1.0 Scope This procedure is an alternate method for pre-

Number
2.1.1.2

Subject
Microsectioning—Semi or Automatic Technique
Microsection Equipment (Alternate)

Date Revision
7/93

Originating Task Group

» diamond abrasive (1-9 micron) or oxide abrasive (3-0.1

paring multile metallographic SpeCimen(s) using microsection
equipment. The specimen(s) is(are) for evaluation for quality of
the laminate|system, plated-through holes (PTHSs), the copper
foils, platingp, and/or coatings. The same basic procedure
may be used for examination of other areas on the product.

Note: This njicrosection technique is a process and not a test
method.

Note: SAFETY The use of the materials listed in Section 4.0
may be limifed or forbidden in some environments. Please
review the Mlaterial Safety Data Sheet (MSDS) for the materi-
als being usgd.

2.0 Applicgble Documents
IPC-MS-810

IPC-RB-276
Rigid Printeq

3.0 Test S
from the pr
prevent dani
recommend
is 2.54 mm
to the samp

4.0 Appardtus
e sample rerfnoya
* sample alignmen
* mount molds

e mounting $urface
e vacuum/pressdre system (optional)

micron)
 polishing lubricant
* micro-etch solution

hnique is a
needs to be
najor step is
criteria that
sistently find
bmer should
t the quality
iteria for surface preparation of the specimen.

5.1.2 Preparation of Specimen(s) Remove the specimen
from the PWB or panel such that the tooling pin |holes or tar-
get PTHs are not damaged. Complete any thermal testing
required by the customer.

5.1.3 Inspect Tooling Pin System Inspect the tooling pin
holes or slots to verify they are not plugged or damaged. Clear
plugged tooling pin holes with a tool that will nqt change its
dimensional location or enlarge the hole. A drill bij of the same
hole diameter is recommended.

Inspect the tooling pins for foreign material adhefing to them.
Clean the pin surface as required. Discrard any pins that are
bent or the surface scarred.

« release agent (optional)

e potting material (recommended maximum cure temperature
is 200°F)

» explosion proof fume hood for mounting material

e microsection equipment (see IPC-MS-810 for purchasing
guidelines)

e metricated abrasive paper P100-P1200 (American grit
range: 100-600)

« polishing cloths

5.1.4 Load Specimen On Tooling Pins The pins align the
target PTHs on a common plane. This common plane assures
all the PTHs will grind to the center of the hole at the same
instance.

Push the tooling pins into the tooling holes or slots. The pins
must fit snugly.

5.1.5 Potting the Specimen(s) The potting material must
have a low shrink rate, and the cure temperature must be less

Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
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than 93°C [200°F] at the center of the mount to prevent false
failures. Mold release may be applied to the mount to permit
easy removal of the cured mounting material (optional). Thor-
oughly mix the potting material without trapping air and pour
into the mold. Assure the tooling pins do not shift position or

abrasive paper. The hardness of the specimen will dictate the
number of rough and fine grind steps needed to reach near
the center of the hole. The rough grind grits P180-P240
(American 180-240) are used to enter the edge of the PTH,
and the fine grind grits P800-P1200 (American 400-600) are

rise up whil§ pouring and7or curing of the potung materar. 1
necessary tq avoid voids in the finished mount and to insure
adequate hdle filing, evacuate the mount before cure using a
vacuum sysfem. Allow the potting material to cure and return
to ambient [temperature before removing from the mount.
Remove thg hardened mounts from their molds (as appli-
cable).

5.1.6 Tracgability The mount/specimen must be perma-
nently markgd in such a manner to ensure traceability back to
the PWB or|panel. If the mounts are cured within the mount
holder, tradeability is not required until the mounts are
removed from the holder.

5.1.7 Mouft Quality The minimum qualities the
must exhibitlare no gaps between the potting material 3
specimen, the PTHs filled with material, and no bubble
potting matqrial in the areas of examinati

5.1.8 Grind Process Set-Up.

5.1.8.1 Togling Stops
to allow the|equipment t

scratches frgm the previous
810 for a detailed discussio

5.1.8.2 Griphd Pres

is the direct jorgé

each mount] divid

the mounts peing pro
discussion gnd examples.

The recomnlended-pressure setting for 6 mounts at 38.1 mm

used to grind near the center of the_hole. The distance to stop
short of the center is determin ascratch sige of the last
grind step used.

A recommended grindirg pxo
ment is:

Q dtart develop-

N \ \\\\Sgp 1\| Step2 Step 3

Abrgsfie gitsize~e b R180~" | P 400(0pt) | P1000
RF(M m 2002300 200-300 200-300

Rréssure (0/SEAC) 351.5 3515 3515

T'ﬁe ( k ) " 15 seconds after the stpps touch

ean the Mounts Clean the mount sprface with a
ard soap to remove the abrasive grit. This|is especially
ftant when the same mount holder is used] for grinding
d polishing. Be careful not to scratch the suffaces to be
evaluated while cleaning.

5.1.10 Grind Quality The minimum qualitie§ the mount
must exhibit are:

1) The target PTHs are ground to the center of fhe PTHs as
defined by the customer’s specification.
Only fine grind scratches apparent on the fount when
viewed at 100X magpnification.
No gap between the potting material and the gpecimen(s).
No residual abrasive paper grit material on th¢ mount sur-
face.
The ground surface has only one plane of matgrial removal.
If the mount has several planes of material removal, por-

2

Ko

o

[1.5 in] diametaris 351 5 g/sq cm (50 psi) with the wheel
RPMs between 300-600.

5.1.8.3 Other Variables Recommended variables to be
familiar with are length of time the abrasive paper removes
material efficiently, scratch size the abrasive paper causes on
the specimen(s) surface, and water quality (undissolved par-
ticles that can cause scratches; i.e. calcium deposits).

5.1.9 Grind the Mounts Be liberal with the amount of
water used to promote efficient removal of material by the

Page 2 of 4

tions of the sample will not polish since the lodd surface

never touches the polishing cloth.

5.1.11 Polish Process Setup The tooling stops are
recessed or removed from the mount holder during polishing.
The reason is the polish process removes a negligible amount
of material and will not change the flatness of the surface. The
number of polish steps is determined by the hardness of the
specimen(s), distance to the center of the hole, and scratch
size of the last fine grind step. There may be multiple interme-
diate polish steps but only one final polish step.
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5.1.12 Intermediate Polish Steps The intermediate steps
must remove the fine grind scratches and prepare the surface
for the final polish step. The recommended process settings
for 6 mounts at 38.1 mm [1.5 in] diameter is less than 351.5
g/sq. cm (5.0 psi), a medium to hard polish cloth, short nap

5.1.13.1 Clean the Mount This last clean step must
remove all the contaminants as described in 5.1.12.1 and the
polish lubricant. The lubricant film will prevent even microetch-
ing of the specimen(s).

surface, and Tow wheel RPM (100-200). Addiional variables
that must considered are volume of lubricant, lubricant
types, abragive size, abrasive type (diamond or oxide), and
process timg.

A recommeided polish process from which to start develop-
ment is:

5.1.12.1 {¢lean the Mount(s

cleaned betyveen each polish ste
contaminatirjg the next p
the polish sfep is contaminated
sirable scrafches. Clean the\t

rinse with wiater, and dry.\Do Yo
evaluated when cleanjn

5.1.13 Fingl
removes thg scratche

pares the syrface fo

setting for tHe same surfas

soft polish cloth, l6Ww'wheel RP¥1 (100-200), and low pressure
setting 351.b.g/sg. cm (5.0 psi) or less. Additional variables
thal must bd—eensideredarevolume olubrcanttye ol nan
surface on polish cloth, and process times. The type of abra-
sive used must be diamond (maximum rated size: 1.0 micron)
or colloidal silica.

Warning

If a high nap polish cloth is used too long in the final pol-
ish, the inspectors ability to see defects can be hampered.
This step must be engineered for short process times (30
seconds or less) with a careful balance of lubricant to pre-
vent copper rounding.

Step 1 Step 2 Step 3
Type of cloth Napless Napless Nap
Type of polish Diamond Diamond Diamond
abrasive
Polish abragive size 6 micron 1 micron lﬂ‘Qicro
Time — — 30s

X.
Pressure (gfsqg. cm) 351.5 or 351.5or 35x5§0r<
less /}SQS /1 le s

nis are cured |h the mount
en must be
b traceability

5.1.14 Traceability It the mo
holder, remove the mounts.

f a properly

the PTH as

el) over other
aterial.

the PTH.
aps between the specimen(s) and potting material.

ding of metal surfaces is apparent as the material edge
ing out of focus at 100X magnification on the netallograph
or shaded a charcoal black color.

5.2 Evaluation Method

5.2.1 Separation Evaluation Evaluate the PTHs for inner-
layer separation prior to microetch. Any observatjons need to
be re-inspected after etch. The separations rjoted in the
unetched and microetched conditions will not negessarily cor-
relate one to one.

5.2.2 Microetch the Specimen Swab or dip the speci-
men into a suitable microetching solution and rirjse with run-
ning water. The recommended etching solutions and formula-
i i i i ill vary with the

type of etchant chosen to microetch the sample.

5.2.3 Evaluation Evaluate the average thickness of the
plated metals and determine PTH quality per the customer’s
specifications.

6.0 Notes

6.1 Diamond Polish The diamond polish media is pre-
ferred over alumina for PWB’s being evaluated to IPC-RB-276

Page 3 of 4
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US.A. EUROPEAN
CAMI NEW "P"
GRADE | GRADE Excerpt from Struers Catalog
600 —| ration Europeenne des
[—P1200 Fabri-cants des Produits
59 R1000. AbraststFEPAamgivesthe
400 ——P800 grain sizes in - um.
3 P800 The silicon carbide powders of
—P500 STRUERS wet-grinding papers
30 —1—pa00 are classified to FEPA grades,
260 ——P360 and specifically to the P-series.
I—P320
240 —p2g0
[—P240
220 ——P220
180 ——P180
150 ——P150
120 —
I—P120
1P ——p100
& ——pso
& ——P60
—P50
P
4 P
4 _—P36
4 [P0
P ——p24
0 ——p20
1 ——P16
P P12
/\ &1 3138
Figure 1 Al \é
European)
Class 2 and
the risk of metal smear a
sharper defi
tion of cond
6.2 Etchan
copper are
sodium dich
backs that n
MS-810).
6.3 Abrasiye{Paper The abrasive grit size has different
designators Metricated versus Amnrir\:n) Eigllrn 1 tahulates

the correlation between grades.

6.4 See IPC-MS-810 for photomicrographs illustrating
acceptable and unacceptable polish quality.
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TEST METHODS MANUAL

1.0 Scope This test method uses pressure sensitive tape to
determine tiie adr T dence of any porto
paints, and pther materials used in conjunction with Printed removed from the specimen.

Boards.

5.3 Report The repor,
2.0 Applicgble Documents removed by this test.
Commermfa'l Item Des.crlptlon (CID) A-A-113 Tape, Pres- 6.0 Notes
sure Sensitije, Adhesive.
3.0 Test Ypecimens Any preproduction, first article, or

production (g
performed f

4.0 Appardtus or Material

rinted board. A minimum of three tests should be
r each evaluation.

4.1 Tape A roll of pressure sensitive tape 3M Brand>600
1/2 inch widg or a tape as described in (CID AA-113),

Class B, exdept that the tape may be clear.

5.0 Procedure

5.1 Test [Press a strip of pres

[2.0 in] minifhum in lengt @

area removifg all air entrapént

tion and ren
the tape by
dicular (right

oval of tape sha
a rapid pull fq
angle) to

Adhesion, Tape Testing

Revision
D

Date
8/97

Originating Task Group
Rigid Board T.M. Task Group (7-11d)

5.2 Evaluation Visually examine tape and test

must be use

area for evi-
aving been

e of material

livers) and adlheres to the

ion failure.

t on the test

Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation of this
material. Users are also wholly responsible for protecting themselves against all claims or liabilities for patent infringement.
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC.
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TEST METHODS MANUAL

1.0 Scope This test method is designed to determine the

Number
2.4.8

Subject
Peel Strength of Metallic Clad Laminates

Date Revision
12/94 C

Originating Task Group
MIL-P-13949 Test Methods Task Group (7-11b)

4.4 Chemicals A minimum of two ounces of the following

peel strengtfiof metallic cladding when tested n the following
conditions, [‘as received,” after thermal stress, and after
exposure to|processing chemicals; and to evaluate the base
laminate maferial after the peel strength test is completed for
degradation|due to the conditioning.

2.0 Applicgble Documents

IPC-TM-650

Method 2.4.B.1, Peel Strength, Metal Foil (Keyhole Method for
Thin Laminajes)
Method 5.8.B, Peel Strength Test Pattern

3.0 Test Specimens

3.1 Size arnd Configuration Specimens shall be 508
x 50.8 mm|[2.0 x 2.0 in] by the thickness of the |
Cladding tedt strips shall be as specifig@

3.2 Quantify and Sampling A
side per each test condition (see 5.2)
from the lanjinate lot. The e
for other QA testing or i

shall be usdd for crosswise &
lengthwise testing.

4.0 Appargtus or

4.1 Tensilg T&ster

a load cell, capab
[0.01 Ibs], apd light load
mm [18.0 in] long it weightis jrcluded in the load cell calcu-
lation). The flamp-jaws must cover the entire width of each
peel strip. Apy‘equipment or apparatus having the described

processing solutions:

4.4.1 Organic chemical ylene Chlo-

ride, or equivalent

4.4.2 Sodium

gr/liter

alcohol, or

pt the speci-
n] below the

valent.
4.7 Data Collection For qualification testing,|a recording
system capable of permanent data retention musg be incorpo-

rated into the test apparatus.

4.8 Etching system capable of complete removil of metallic
cladding.

4.9 Measuring device capable of measuring frpm 0.000 to
12.7 mm [0.5 in] to within £ 0.0025 mm [0.0001(in].

4.10 Etch Resist Materials or Systems

4.10.1 Platers tape, or equivalent, to act as efch resist for

accuracy, precision, and reproducibility may be used.

4.2 Solder Pot A solder bath or pot capable of maintaining
solder at the specified temperature when measured 25.4 mm
[1.0 in] below the surface. Type Sn60 or Sn63 solder shall be
used.

4.3 Specimen Hold-down A suitable hold-down clamping
system equivalent in performance as that defined in IPC-TM-
650, Method 2.4.8.1.

STrip formation of the specified widths (See 5.2.1.1, 5.2.2.1,
and 5.2.3.1).

4.10.2 Photoresist system (printing, developing, and stripping).
5.0 Procedure

5.1 Specimen Preparation

Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation of this
material. Users are also wholly responsible for protecting themselves against all claims or liabilities for patent infringement.
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC.
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2.4.8 Peel Strength of Metallic Clad Laminates 12/94
Revision
C

5.1.1 Cut the specimens from the laminate sample. Speci-
mens shall be taken no closer than 25.4 mm [1.0 in] from the
edge of the laminate sheet as manufactured.

5.1.2 Specimens shall be prepared with at least four resist
strips of thd wi 1.1, 2. 3.
etched, cleahed and processed using standard industry prac-
tices and equipment. For qualification and referee testing the
specimen shall be photoimaged in accordance with the art-
work shown|in Method 5.8.3 of IPC-TM-650 except that tab
ends are optional. Specimens shall be etched so that the
conductor drips on one specimen are in one direction per
Figure 1. Dguble clad laminate shall have each side tested
using separqte specimens. The opposite side cladding shall
be either fully removed or left fully clad. For referee testing the
cladding on|the opposite side shall remain. Separate speci-
mens for both the warp and fill directions are required for each
side.

’

5.1.3 Thin|specimens may be provided with supp®
bonding then to a rigid substrate base, or may be tes
the aid of th¢ keyhole fixture (see Figure 2). For referee
of laminates|less than 0.51 mm [0.020 jr i
be bonded fo a rigid substrate or lani

Note: Peel yalues can be affectg
bond the spgcimen to the rjgid substra
the best adhesive be fo
bonded to g

5.1.4 Forl

be precond
hours.

5.2 Measufe

5.2.1 Cond

5.2.1.1 A minimum-of two8.18'mm [0.125 in] test strips per
specimen shall be_peeled. For qualification testing four 3.18
mm [0.125 ip]'strips per specimen shall be peeled.

wire connecting the clamp to the tensile tester must be free to
pull vertically within £ 5° angle.

5.2.1.5 Start tester and apply force in the vertical direction
at the rate of 50.8 mm [2.0 in}/minute, until at least a 25.4 mm

mfoagdl as defined

5.2.1.6 Observe and recort\the mini
i st strip and

d.
hal Stress

St strips per
hg four 3.18
ol

D specimens
C [550°F +

emperature,
1.2 through

5.2.3 Condition C Peel Strength: After Exposure to Pro-
cessing Chemicals

5.2.3.1 A minimum of two 0.79 mm [0.032 in] t¢st strips per
specimen shall be peeled. For qualification and ¢onformance
four 0.79 mm [0.032 in] strips per specimen shal be used.

5.2.3.2 Immerse in organic stripper as specifiedl in 4.4.1 for
75 %5 seconds at 23 +2°C [73.4 +3.6°F].

5.2.3.3 Dry specimens 15 + 5 minutes at 125  5°C [257 +
9°F].

5.2.1.2 Adjust the measurement system to compensate for
the weight of the wire and clamp.

5.2.1.3 Peel the test strip back at the tab end (if present) no
more than 12.7 mm [0.5 in]. Attach the clamp to the peeled
back end of the test strip.

5.2.1.4 Fasten specimen with hold down fixture so that an
unencumbered vertical pull can be exerted. The end of the
test strip should be in a vertical position ready for testing. The

Page 2 of 3

5.2.3.4 Immerse in a solution of 10 gr/liter sodium hydrox-
ide at 90 £ 5°C [194 + 9°F] for 5 £1 minutes.

5.2.3.5 Rinse in hot tap water at 50-55°C [122-131°F] for 5
+ 1 minutes.

5.2.3.6 Immerse for 30 £5 minutes in a solution of 10 gr/liter
sulfuric acid (sp. gr. 1.836) and 30 gr/liter boric acid solution
at 60 + 5°C [140 * 9°F].
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5.2.3.7 Rinse in hot water at 55 + 5°C [131 = 9°F] for5 + 1

minutes.

5.2.3.8 Dry for 30 £ 5 minutes at 125 + 5°C [257 £ 9°F].

5.3 Calculation and Report

5.3.1 Calculate the peel strength as per the formula:

Lw
. . . lbs/in = —
5.2.3.9 Immerse in a hot oil bath maintained at 220 + 5°C Wy
[428 + 9°F] for 40 £ 5 seconds. where:
. e Ly = Minimum Load
5.2.3.10 Ihmerse in degreaser as specified in 4.4.4 at 23 + W.. = Measured width of péel Strin
2°C [73.4 £[3.6°F] for 75 = 5 seconds to remove hot oil. S
ength value.
ch side and
r example, if
High Peel Strength ;
Fai"nre Mode gide and per
be averaged
o Low Peel Strength radation as
8 Failure Mode
-
nim
Average
Load
ther a bond
the tensile strength of the foil, or fojl brittleness
Peel Distance pove §peC|f|—
of minimum
[\ (-mQ-ooz 2 pgel. The average reported shall indicate that fthe value is
. greater than average.
Figure 1 Mltiple Failure \>
6.2 For metallic cladding less than one oz thickfess, copper
5.2.3.11 Air dry specim rformgsteps 5.2)1.2 plating or solder coating may be used to build up to 0.035 +
through 5.2.1 0.0035 mm [0.0014 + 0.00014 in] to provide strip strength.
5.2.4 Detefminatio amine the speci- 6.3 Environmental aspects of chemicals as spedified in 4.4.1
mens using[normal \Qr corre Record and and 4.4.4. Based on industry and government pdjicies toward
report the piesgnCe ggradation, includ- chemicals which are hazardous to worker health ¢r of concern
ing loss of slirface resi esin softening, delami- for ozone depletion, previous requirements for uge of Methyl-
nation, blistering, perfections, measling ene Chloride and 1,1,1 Trichloroethane have bden replaced
crazing, or Voids. with equivalents.
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1 Scope This test method is used to determine the bond

Number
2.4.21.1

Subject
Bond Strength, Surface Mount Lands Perpendicular
Pull Method

Revision
C

Date
5/91

Originating Task Group
Printed Board Test Methods (7-11d)

3.1 Qualification Standard surface mount lands (full vari-

strength (br§akaway strengih] of suriace mount lands from
substrate mpterials by a perpendicular pull and force mea-
surement. Itjis designed to test solderable metals on any type
of substrate|in a variety of surface mount land sizes. The sur-
face finish shall be the same as the board it represents.

This test may be imposed in the as received condition during
maximum use temperatures, after exposure to commonly
used solvents, after high humidity, and after extended aging.

Itis importaTt to note this perpendicular test provides entirely
different resyilts than tests where the test leads are soldered
parallel to the plane of the land and bent perpendicular for

testing.

2 Applicahle Documents

IPC-D-275
Rigid Printed

Design Standard for Rigid Printed Boalds al

Board Assemblies

3 Test Sanpples/Specimens

€fy] as shown In Figure 1 (IPC-D-Z75, Coupon NJ] Unless oth-
erwise specified, a minimum of five ofeach dand |size shall be
tested for qualification.

afjce circuitry

prgdudtion, a mini-

ard shall be

sed for sur-

on printed
ch as tin-lead platings or coatings, gold platings,

All surface mount land sizes

&

1.25
1.25
+ D L s om
0.5 1 \
| \ STy
A \ 1 :
0.2 1 }
0.1 0.2 J
IPC-24211-01

Figure 1 Coupon N, surface mounting bond strength, mm, nominal
Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation of this P age 1 of 3
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Bond Strength, Surface Mount Lands Perpendicular Pull Method 5/91

Date

4 Apparatus

4.1 Force Testers All force testers must have maximum
force retention capability. All force testers must have capacity
from 0 kg to 14 kg. Suggested force testers include the fol-

lowing:

4.1.1 Handl Held—Ametek Accurforce Cadet Digital Force
Gauge, or efjuivalent

4.1.2 Handl Held—Ametek L-20 Force Gauge (Dial Indica-
tor), or equijalent

4.1.3 Autogmatic—Unite-O-Matic with Houston Instruments
2000 Recogder, Instron, Tinius-Olson with Recorders, or
equivalent

4.2 A standard pin made of steel core (1018 wirg

has been coppper clad with a thickness of 0.038 mm mi
copper covgred by a solder coating consisting of 63%\by
weight) of tin, with the remaining lead, and a thickhess
between 7 Yym and 10 pm.

Standard te$t pins are pre-tinned.
Measuremefpts are:

Overall Lehgth
Head Diareter
Shaft Diarpeter

4.3 Soldering Iron £
ducing a tip [temperature o

4.4 Optica| i
mum, or eqdiivalent

5 Test

5.1 Preparption

1 Metal (Gojid / Tin-Lead)

CNER S

Copper ==

IPC-24211-02

TSN
e

st pin using
ume distilled

he center of
pad shall be
omplished by the use of fixturing or any other means of
ehsuring a 90° + 5° perpendicularity of the pin with respect to
the surface of the land (see Figure 2).

5.1.4 The iron shall be applied to the pin and the land and
shall be applied only as long as necessary to perjorm the sol-
dering operation.

5.2 Procedure

5.2.1 Upon completion of the soldering, placg the speci-
mens either in the base specimen receptacle of the automatic
tensile tester or the hand held tester (see Figure B). Testing is
at ambient room temperature, 18°C to 30°C, unless a speci-
fied use temperature is designated.

5.1.1 Measure the dimensions of the surface mount lands
using magnifications not less than 10x (10x to 30x preferred).
Calculate and record the surface area of the land before sol-
dering the headed pin.

For production testing, use three of each land size used on
the associated board.

For qualification testing, use five of each land size shown in
Coupon N of IPC-D-275.

Page 2 of 3

5.2.2 Clamp the loose end of the pin in the jaws of the
tester.

5.2.3 Pull the pin perpendicular at an approximate rate of 50
mm per minute until failure occurs or the force exceeds the
specified value required for this test (perpendicular is consid-
ered within 5% of 90°).
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2.4.21.1 Bond Strength, Surface Mount Lands Perpendicular Pull Method 5/91
Revision
C
D) The solder joint failed by the standard test pin pulling off the
land.
14.6 - )
o E) The solder joint pulled off the land (poor wetting).
=1 5.3.3 Breaking off of a test pin or a test pin pull out shall not
bl Beell R . . .
be considered as a failure, bu standard|pin shall be
tad ~If\failures continue
3 stronger pin
& Jahd/substrate
Crupe
>fequirenpents should
est report.
Concept One of the mdst significant
tered is the difficulty in comparing bond
with the large variety of land|sizes.
Jlating the surface area on each land, one can group
( elop accurate evaluations for a wide vpriety of land
6/2 Variables to be considered are:
IPC™ 42110 . . .
» Variable land sizes on a given board (surface afeas)
Figure 3 P - Base material or substrate
» Foil formations (dendrites)
5.3 Evaluati « Finished metals (fused T-L and gold, nickel, etq.)
» Operator variables
5.3.1 Recq » Soldering techniques
tester requirg . )
* Mode of failure (land removal vs. test nail breald, etc.)
force that e
measured b .
6.3 Suggested sources for standard headed pif:
. ) IPC
5-3.21- E)igr1|rt1e c:htta co.ndufc' qua;e aIrEea r\]N|th 30Xtto I30;( 2215 Sanders Road
maghnifica IOSL--O germme ailure mo e: ac con.uc or lan Northbrook, IL 60062-6135
shall be clasgified into one of the following categories.

A) No failure of the bond of the surface mount land from the
substrate was observed and the specimen withstood the
specified required force per surface area as stated in the
appropriate specification.

B) Separation of the surface mount land from the substrate

C) The land remained bonded to the substrate and the stan-
dard test pin broke.

DA\ OO0 O7Z00
[O% 7 9UI=I70U

6.4 The test data that was generated as part of the devel-
opment of this test method may be found in “Preliminary IPC
Round Robin Study on Bond Strength (Breakaway) Test of
Surface Mount Lands.” Copies of this report are available
through the IPC office. Further studies are being planned by
the IPC Test Methods Subcommittee. The subcommittee also
requests that any test data or any suggestions in improving
this method be submitted to the IPC office.

Page 3 of 3
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Number
2.4.22

Subject
Bow And Twist

Date Revision
12/87 B

Originating Task Group
Printed Board Test Methods (7-11d)

BOW

PO

Figure 1
1.0 Scope | Four procedures are presented to deter|

printed circyit boards including single and double sided
tilayer and tfe rigid segments of rigid flex printed circuj

1.1 Definitjons

1.1.1 Bow]|is defined in IPC-T
flatness of d board characterized

spherical culvature such theaty{ theNyoard is
corners are |n the same pfane/f igure
1.1.2 Twis
board parall

one of the
three corner

2.0 Applica

IPC-T-50

3.0 Test STecimen

"

Base

ige

Leveling jacks

4.6 Gauge blocks

4.7 Shims of suitable thickness
4.8 Linear measuring devices of suitable accuracy
4.9 One inch micrometer
5.0 Procedures

5.1 Procedure No. 1 (Bow) (As illustrated in Figure 1)

5.1.1 Place the sample to be measured on thg datum sur-

3.1 Specimens
3.1.1 Cut-to-size panels

3.1.2 Finished boards (single side, double sided, multilayer,
rigid/flex finished board or coupons)

4.0 Apparatus

4.1 Precision surface plate

face with the convex of the sample facing upwards. For each
edge, apply sufficient pressure on both corners of the sample
to insure contact with the surface. Take a reading with the dial
indicator at the maximum vertical displacement of this edge
denoted as R1 in Figure 3.

Repeat this procedure until all four edges of the sample have
been measured. It may be necessary to turn the sample over
to accomplish this. Identify the edge with the greatest devia-
tion from the datum. This is the edge to be measured per
paragraph 5.1.2 and 5.1.3.

Material in this Test Methods Manual was voluntarily established by Technical Committees of the IPC. This material is advisory only
and its use or adaptation is entirely voluntary. IPC disclaims all liability of any kind as to the use, application, or adaptation of this
material. Users are also wholly responsible for protecting themselves against all claims or liabilities for patent infringement.
Equipment referenced is for the convenience of the user and does not imply endorsement by the IPC.
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Revision
B
HIGHEST POINT
R1 R2
R === '
e}
Figure 3
5.1.2 Takdq a reading with the dial indicator at the corner of the sample,
the sample ¢ontacting the datum surface, or determine R2 by num vertical
measuring the thickness of the sample with a micrometer the reading.
(denoted R2in Figure 3). ) )
ith the dial
5.1.3 Apply sufficient pressure so that the entire ¥ edge CO:'
tacts the dafjum surface. Measure the length of the edte easuring the
denote as “|.”
be made on
5.1.4 Calcplate bow for this edge as fqllows:
Percent Bow = 5)2.4 Measure the diagonal of the sample (fof rectangular
The result of this calculation.is the boards) and record the readln.g.. .For rlonrectan ular boards
measure from the corners exhibiting displacemept diagonally
Repeat the procedure fo to the point on the opposite end of the board.
the largest vilue % of bow for,
5.2.5 Calculation
5.2 Procedure No. 2 (TwAst)
5.2.5.1 Deduct R2 reading from R1 reading (this value is
5.2.1 Placg the sa . divided by 2 in the formula defined in 5.2.5.2 befause of the
face with ary ¢ ple touching the sur- method of measurement) doubles the vertical defection.
face. Apply $ufficre ¢’that three corners are
'rr'] cc()jntact W'tr; the da I' ' Take; meas:riment;rom 5.2.5.2 Divide the measured deviation (para. 5.R.5.2) by the
the datum spirface 1o the liiteq gatner and record the reading. recorded length and multiply by 100. The result ¢f this calcu-
Repeat this praCeddre until all four corners of the sample have lation is the % of twist.
been measuted: 1t may bhe necessary to turn the sample over —Ry
to accomplish this. Identify the corner with the greatest devia- Percent Twist = —
(2) (Length)

tion from the datum. This is the corner to be measured per
paragraph 5.2.2 and 5.2.3.

5.2.2 Place the sample to be measured on the datum sur-
face with three corners touching the surface, insert suitable
shims under the raised corner so that it is just supported.
When the correct shim thickness is used the three corners will
be in contact with the datum surface without applying pres-
sure to any corner.

Page 2 of 4

5.3 Procedure No. 3 Twist Referee Test

5.3.1 Place the sample to be measured on the datum sur-
face with the two lower opposite corners touching the datum
surface or on raised parallel surfaces of equal height from the
datum surface (Figure 5A).
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R1= Hi(ghestl
FOITNU Ol BUdlru
Rl (— —
“All
Figure 4 <\ <\( E\/<
%\/ ,
Raised Parallel
/ Surfaces
R2 Lowest
Corners
R2 R2
N
AR 007
Figure 5a Q W
R1
R2
Supporting Jacks or [Blocks
S LALSS S S S S S S S S S SSSSSSSS
FIG. 5B (Para. 5.4.2)
Figure 5b

5.3.2 Support the other two corners with leveling jacks or
other appropriate devices ensuring that the two raised corners
are of equal height from the datum surface. This may be
checked by using the dial indicator (Figure 5B).

5.3.3 With the dial indicator, measure the highest raised
portion on the board and record the reading as R1 (Figure
5C).

5.3.4 Without disturbing the sample, take a reading with the
dial indicator on one of the corners contacting the surface (R2)
and record the reading (Figure 5C).

5.3.5 Measure the diagonal of the sample (for rectangular
boards) and record the reading. For nonrectangular boards
measure from the corner exhibiting maximum displacement
diagonally to the point on the opposite end of the board.

Page 3 of 4
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(5.4.3) 5.4.4
Measure at This R1 I(\Aée{szlre at This
R2
S ///////////////////@M
A\
Figure 5c¢
hind Twist)
/ X :7 able devia-
» Flat Plate GO-NO GO
/ /
e datum sur-
ditdble known dimensional standard such
L Check Pin tl:e maximum
on (5.4), attempt to insert the gayige between
Figure 6 d portion of the board and the dajum surface

5.3.6 Calctilation

5)472 Attempt to insert gauge conforming to the allowable

5.3.6.1 Ddduct the measurement R rface dimension between the raised edge of the board and
R1. This difference is deng the datum (Figure 7).
5.3.6.2 Dilide the mea 5.4.3 |If the gauge does not enter the gap, the board will
recorded ler{gth and multipl have met the bow/twist criteria.
lation is the Po of twist.
5.5 Notes
Percent Twist
5.5.1 Forms of distortion other than as definedl in this test
method (such as multiple convolutions) cannot e evaluated
accurately by these test methods and therefore should receive
> Flat Plate special attention.
Check / : 7
Pin. /. ~\ 7
L 7/
Figure 7
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Date Revision

8/97 C

|PC-TM-65O Originating Task Group
TEST METHODS MANUAL Rigid Board T.M. Task Group, 7-11d

1.0 Scope The dielectric withstanding voltage test (also 5.1 Specimen Preparation (see note 6.3)
called high-potential, over potental, voltage breakaown, or
dielectric strength test) consists of the application of a voltage 5.1.1 Positive, permanent, ghd non~contaminating identifi-
higher than fated voltage for a specific time between mutually cation of test specimen is @ ice.
isolated porfions of a PWB or between isolated portions and
ground. Thigis used to prove that the PWB can operate safely > lany obvious
at its rated Joltage and withstand momentary over potentials Ce specifica-
due to swifching, surges, and other similar phenomena. ity of any test
Although this test is often called a voltage breakdown or ed and this
dielectric strength test, it is not intended that this test cause
insulation breakdown or that it be used for detecting corona,
rather it sefves to de.termine whether insulating materials ete compo-
and/or conductor spacings are adequate. dulated wires
. cfton points of the test specifnens. These
2.0 Applicgble Documents None
g of the test
3.0 Test Specimen The test specimen shall be co
of a minimum of two conductor lines per conducti -
| or distilled
sufficient to |allow a voltage to be appled betwee
conductor datterns both between céaduck watelband scrub with a soft bristle brush for a mihimum of 30
the same cdnductive layer (see no etonds. During the remainder of the test specimen prepara-
fon, handle test specimens by the edges only (sge note 6.4).
4.0 Appargtus or Materj
5.1.5 Spray rinse thoroughly with deionized| or distilled
4.1 A high|voltage source Cap 0 -necti water. Hold test specimen at an approximate 3(° angle and
voltage with|a tolerance of spray from top to bottom.
4.2 A voltdge measdfing. devi ith ) 5.1.6 Wet test lead terminals with clean isopifopy! alcohol
leakage curfent measuri ity i ) , i and agitate for a minimum of 30 seconds. Scrub with a soft
shall be cappblg’of tetexting g ithi bristle brush to remove flux residue.
of the requireme
5.1.7 Rinse cleaned area thoroughly with fregh isopropyl
4.3 Soft bistle brush alcohol.
4.4 Deionized<of distiled water (2 megohm-cm minimum 5.1.8 Dry test specimens in a drying oven for & minimum of
resistivity recommended) three hours at an oven temperature of between 49 to 60°C

(120 to 140°F).
4.5 Isopropyl alcohol

5.1.9 Allow the test specimens to cool to room temperature.

4.6 Drying oven (see note 6.5)

5.0 Procedure 5.2 Test (see note 6.6)
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5.2.1 Raise the test voltage from zero to one of the follow- 6.3 This test method may be performed on test specimens
ing specified test condition values (see note 6.2) as uniformly which have previously been prepared and tested for moisture
as possible, at a rate of approximately 100 volts DC per sec- and insulation resistance.

ond. If the test condition is
the default.

not specified Condition A shall be
6.4 Alternative cleaning procedures may be implemented if

Conditionl A: 500+15/-0
Conditior] B: 1000+25/-

5.2.2 Maintain the test voltage at the specified value for a

period of 30f+3/-0 seconds.

5.2.3 Upohp completion of

gradually reduced to avoid surges.

5.3 Evaluation Examine

evidence of jnadequate insulating materials and/or conductor
spacing (i.e.] visually inspect for flashover, sparkover or preak-
down betwepn conductor patterns or between cond
terns and mpunting hardware).

6.0 Notes

6.1 Reconjmended test specimeng”i
terns (also referred to as “E” test cow

terns.” Production printed

specimens.
6.2 Perforiphance specific;n

age test condition and any deg

test conditiop is specified,

TNETE 15 a concern that scrubbing wi adversely affect test
fine spacing
etc.).

volts DC
0 volts DC

ing) may be
tr; and clean-

the test, the test voltage shall be specified by

P should be
onformance
b chosen:

the test specimens and note any

time with a
ed.

voltage may

6/6.3 At the option of the customer, the test voltage may be
applied instantaneously.
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4.7 Isopropyl alcohol.

tion of insulpfing materals by examination of the visual and
electrical ingulation resistance properties of printed board
specimens dfter exposure to high humidity and heat condi-
tions. This method allows testing with (Method A) or without
(Method B) Conformal Coating. When not specified, Method A
is the defaulf method.

2.0 Applicgable Documents

MIL-1-46058| Insulating Compound, Electrical (For Coated
Printed Circfiit Assemblies)

IPC-CC-830| Qualification and Performance, Insulating Com-
pounds for RPrinted Circuits Assemblies

3.0 Test Specimens

3.1 Tests
conductor IiFr[
tance testin
between lay
examples o
test method

4.1 A cleq
recording ar
+ 2°C (77 4
relative hum

4.2 A pow
potential of 100,volts DC with a tolerance of + 10%.

maintaining(50 Y 5°C (122 *

4.8 Drying oven(s) capable o
which con-

e conformal

peCimen with positive, permanerjt, and non-
ating identification.

Visually inspect the test specimens for jany obvious
efeCts, as described in the applicable performange specifica-
ion. If any test specimen is non-compliant, the tgst specimen
should be replaced and the replacement noted.

5.1.3 Solder single stranded (to decrease the opportunity for
flux contamination from the wire) insulated wire Wwhich is not
affected by the test environment to each of thg connection
points of the test specimens. These wires will be ised to con-
nect the test patterns of the test specimens tp the power
supply and for insulation resistance testing.

5.1.4 Clean test lead terminals with isopropyl|alcohol and
scrub with a soft bristle brush for a minimum of B0 seconds.
During the remainder of the test specimen preparftion, handle
test specimens by the edges only. (See Note 6.2.

4.3 A resistance meter capable of reading high resistance at
the voltage described in the procurement documentation.

4.4 Solder or Flux-Cored Solder Flux shall be removable
in a manner which will not adversely affect the test specimen.

4.5 Soft Bristle Brush.

4.6 Deionized or distilled water (2 megohm-cm, minimum
resistivity recommended).

5.1.5 Spray rinse thoroughly with fresh isopropyl alcohol.
Hold test specimen at an approximate 30° angle and spray
from top to bottom.

5.1.6 Rinse cleaned area thoroughly with fresh deionized or
distilled water. Hold test specimen at an approximate 30°
angle and spray from top to bottom.
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5.1.7 Dry test specimens in a drying oven for a minimum of
three hours at an oven temperature of between 50 + 5°C (122
+ 9°F). (See Note 6.3.)

5.1.8 Specimen preparation for METHOD B is now com-

5.2.4.1 Temperature cycling The following constitutes
one complete cycle (for the class 3 test condition).

(@) Start test at 25+5/-2°C (77+9/-4°F), and raise tempera-

ture at 65 £ 2°C (149 £ 4°F), over a time span of 150 £ 5
minutes.

pleted, continue the procedure with paragraph 5.2.

5.1.9 METHOD A - Application of Conformal Coating.
Continuatign of Sample Preparation Apply coating to the
appropriate frea of the test specimen, in a manner concurrent
with user’s groduction techniques or as specified by the coat-
ing supplier.

5.1.10 Aftgr the application of coating, the test specimens
are to be cufed, as specified by the coating supplier.

5.1.11 Aftér curing, stabilize to ambient temperature.
5.2 Test

5.2.1 Takd the initial insulation resistance measurenfents at
laboratory afmbient temperature. Apply the voltage spetified
the procurefnent documentation on the test specimen’s, tes
points as specified in paragraph 5.2.2 P

meter, and fake the reading afte

5.2.2 Test|points on th
in a manner|that will allow adja

between co
to alternate
of the powe

5.2.3 Plac
and under 3
age source
paragraph 5/2.2. Apply a 100 £10 volts DC polarization volt-
age to all te$t specimens.

(b) Maintain temperature at 65,
span of 180 + 5 minutes»

(149 + 4°H) over a time

F) to 25+5/-
minutes.

zing voltage
period. The

for a graphi-

fage source
hent. Insula-
graph 5.2.1.
cal to that of

5.3.2 Final resistance measurements shall be| made after
removal of specimen from the chamber, and aftef 1 hour and
before 2 hours stabilization at laboratory ambignt tempera-
tures.

Any reasons for deleting values, i.e., scratches, cpndensation,
bridged conductors, etc., must be noted.

5.4 Evaluation

5.4.1 Each test specimen shall be evaluated for insulation
resistance quality for its class, following and/or during the ini-
tial, wet and/or dry conditions, as applicable.

5.4.2 After completion of all electrical testing, the test speci-

5.2.4 Expose test specimens to one of the following speci-
fied test conditions: (See Note 6.4.)

(@) Class 1 35 + 5°C (95 + 9°F), 85 to 93% relative humidity,
for 4 days (static).

(b) Class 2 50 + 5°C (122 + 9°F), 85 to 93% relative humid-
ity, for 7 days (static).

(c) Class 3 20 cycles of temperature ranging from 25+5/-2°C
(77+9/-4°F) to 65 + 2°C, 85 to 93% relative humidity, 160
hours total.

Page 2 of 4

mens shall be examined for evidence of mealing, blistering,
delamination, or other forms of degradation, following 24 hour
stabilization at laboratory ambient temperatures.

6.0 Notes

6.1 Test Pattern Examples

6.1.1 Y Patterns There are a variety of **Y”’ test patterns
(also referred to as “‘E” test coupons) in various specifications
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Figure1 M
within the in 6.2 Documented alternative cleaning procedyres may be
tern test coy implemented. As an example, if there is a concerp that scrub-
bing will adversely affect test results, i.e., when the test speci-
6.1.2 Com mens have very fine spacing and/or are plated wjith soft met-
properly tes als (tin/lead, gold, etc.).
The test poiftsqor coxb, paterns suck as in Figure 3 are 1 to
2,2t03,3 eshpoints 1-3-5 are connected 6.3 If printed boards are to be stored before cpating, place
to the positiye (+) est points 2-4 are connected the boards in a dry non-contaminating environmegnt.
to the negatjve (-) e resistance meter.
6.4 Performance specifications should specify|the method
6.1.3 Prodyictien Board Testing Occasionally, production of test specimen preparation, test condition clgss, and any
boards must be tested in lieu of test patterns. When this is deviations to this test method.
required, one must use good judgment and select adjacent
conductors for wiring terminal lands for testing, because con- 6.5 The test chamber should be constructed out of materi-

ductor spaci

ng and placement can affect test results.

als that will not corrode or add ionic contamination to the test

environment.
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Figure 3 Typical “Comb Pattern” (from IPC-B-25A)
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1.0 Scope This method is to determine the phyS|ca| endur-
ance of prin
is designed fo expose specimens to a series of high and Iow
temperature|excursions to cause physical fatigue.

2.0 Applicgable Documents

IPC-D-275 |[Design Standard for Rigid Printed Boards and
Rigid Printed Board Assemblies.

3.0 Test Specimen Coupon D from IPC-D-275 or other
suitable test|coupon (see 6.1a).

4.0 Appargtus

4.1 An aufomatically controlled dual temperature eqviro
mental testf chamber or other dual chamber apparatus
capable of

-67, -40, +
and 70, 85,
257, 302 or

NOTE: The| temperature extre
required is dependent o
that is to bq tested (see 6
Table 2). The
such that th

cimen(s)
est conditions, if
not otherwi
tion (see 6.

Kelvin type double bridge or potentiometer of the specified
accuracy may~also be used (See 6.2).

Number
2.6.7.2

Subject
Thermal Shock, Continutity and Microsection,
Printed Board

Date Revision
8/97 A

Originating Task Group
Rigid Board T.M. Task Group, 7-11d

test specimen in the approximate center of the high tempera-
approximately

5.2 Test
5.2.1 Thermal

to 100 tem-

be less than
amber used
il reach the
st specimen

nts shall be
en before the test, during the first cycle at high tempera-
re, and during the last cycle at high temperatute.

5.3 Evaluation The maximum change in| resistance
between the first and 100th cycle shall be eyaluated for
acceptability to the requirements of the applidqable perfor-
mance specification (see 6.1c). After testing, a ninimum of 3
plated-through holes shall be microsectioned dnd shall be
evaluated for acceptability to the requirements pf the appli-
cable performance specifications.

6.0 Notes

6.1 The following details are to be specified in the applicable
performance specification:

5.0 Procedure

5.1 Preparation Wire up test specimen with Kelvin-type
leads at the points where measurements will be made.

5.1.1 Operate chamber (or chambers) and allow to stabilize
at the high and low temperature required. Clamp or suspend

a. Test specimen, if other than specified in 3.0.
b. Test condition, if other than specified in 4.1.

c. Maximum allowable change in resistance.

6.1.1 Unless otherwise specified by the applicable perfor-
mance specification, the following base material types/
temperature ratings are recommended.
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