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INTRODUCTION

1 Scope

1.1

These requirements apply to flexible material printed wiring board constructions (FMIC’s) for use as

components in flexible, flex-to-install, rigid, and multilayer rigid-flex composite applications with and
without stiffener and adhesive materials in devices or appliances.

1.2 Together with the Standards mentioned in the Supplementary Test Procedures, Section 3, these
requirements provide data with respect to the physical, electrical, flammability, thermal, and other
properties of the FMIC under consideration and are intended to provide guidance to the fabricator, end

product man

1.3 Compli
component @

1.4 The s
constructiong
board intercq

1.5 The su
Stiffener ang
Flammability,
requirementg
requirementg

1.6 The req
796.

Hacturar safatv anammneers-and-otherinterastaed-nartias
EHaGtHH-8-SaHety-8RgH S G-oHe e o a-paHeS-

bnce with these requirements does not indicate the product is acceptable
f an end product without further investigation.

nglelayer and multilayer flexible, flex-to-install, and multilayer rigid-fle
addressed by these requirements consist of conductors affixed to base mate
nnections, and cover materials.

itability of additional stiffener and adhesive materials, not evaluated in aco
adhesive (external bonding) materials, 8.10, the)Stiffener bond strength tes
tests, 12.15, are subject to the applicable end:use product construction and
. See Additional stiffener and adhesive (external bonding) materials, 13.12
for FMIC’s provided with additional stiffenefand adhesive materials not investig

uirements for rigid printed wiring boatds are in the Standard for Printed Wirin

2 Units of Measurement

2.1 Values
approximate

3 Supplen

3.1 These
standards:

stated without parentheses are the requirement. Values in parentheses are ¢
information.

entary Test Procedures

requirements are intended to be used in conjunction with the following reg

a) Th

for use as a

X composite
rial, with mid-

ordance with
t, 12.12, and
performance
for marking
ated.

g Boards, UL

xplanatory or

uirements or

e ~Standard for Dnlymnrir‘ Materials — Short _Term Drnlr_\nrh/ F\IQ“IQ‘HOHQ, |

L 746A, the

Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B, the Standard for
Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and
Materials Used in Printed Wiring Boards, UL 746E, and the Standard for Polymeric Materials —
Flexible Dielectric Film Materials for Use in Printed Wiring Boards and Flexible Materials
Interconnect Constructions, UL 746F, contain programs for investigating polymeric materials and
industrial laminates.

b) The Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances,
UL 94, contains methods for evaluating the flammability of polymeric materials that are intended to
be used in electrical equipment.

c) The Standard for Printed Wiring Boards, UL 796, covers the minimum performance
requirements for rigid printed wiring boards.
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4 References

41

interpreted as referring to the latest edition of that code or standard.

4.2 The following publications are referenced in this standard:

Any undated reference to a code or standard appearing in the requirements of this standard shall be

ASTM D 149 — Standard Test Method for Dielectric Breakdown Voltage and Dielectric Strength of
Solid Electrical Insulating Materials at Commercial Power Frequencies.

ASTM

D 374 — Standard Test Methods for Thickness of Solid Electrical Insulation.

ASTM
Electri

ASTM
Electri

ASTM
Electri

ASTM
ASTM
IPCT

D T000 — Standard Test Methods for Pressure-sensitive Adhesive-Coated Ja
cal and Electronic Applications.

D 5374 — Standard Test Methods for Forced-Convection Laboratory Ovens for
cal Insulation.

D 5423 — Standard Specification for Forced-Convection Labaoratory Ovens for
cal Insulation.

D 618 — Standard Practice for Conditioning Plastics faor Testing
E 3 — Standard Practice for Preparation of Metallographic Specimens.

M-650 2.1.1 — Microsectioning, Manual and Semi'or Automatic Method.

es Used for

Fvaluation of

Fvaluation of

ISO 291 — Plastics — Standard Atmospheres for<Conditioning and Testing.
5 General
5.1 Acceptdbility of an FMIC in a device of-appliance depends on the acceptability of the corjstruction for:
a) Continued use under actual_service conditions, including the maximum operating|temperature
(MOT);
b) FIaIwmabiIity properties; and
c) All gther applieable end-product requirements.
5.2 The invgstigation of an FMIC shall include consideration of the conductor properties, sych as weight
(thickness), | include the
conductor fork

5.3 Except as indicated in 5.4, the factors considered in testing the FMIC conductor supporting material
in its application shall include mechanical strength, moisture absorption, combustibility, resistance to
ignition from electrical sources, dielectric strength, insulation resistance, resistance to arc-tracking, and
resistance to creeping and distortion at temperatures to which the material is subjected in the end product.
The conductor supporting material shall not display a loss of these properties beyond the minimum
acceptable level as a result of aging, and relative temperature indices shall be assigned to the conductor
supporting material.

5.4 If an FMIC is entitled with flammability classification only, the acceptability of the FMIC shall involve
only flammability tests. See Flammability tests, 12.15.
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5.5 An FMIC entitled flexible is intended for use where the construction is subject to dynamic flexing
applications, yet the flexural endurance of the construction has not been evaluated.

5.6 An FMIC entitled flex-to-install is intended for use where the construction is flexed for installation or
service (only) and shall not be subject to dynamic or repeated flexing applications, yet the flexural
endurance of the construction has not been evaluated.

5.7 An FMIC entitled rigid is intended for use where the construction is not flexed or subject to dynamic
or repeated flexing applications.

5.8 Multilayer rigid flex composite constructions may include single-sided, double-sided, singlelayer and
multilayer fle

vibla flax-tao-install and rigirl constructions-invariats sactions-of an EMIC
F+8—H8X~to-HRStEa—aRaHGG ASHHGHORSHEHO HOH =R to-
6 Glossary

6.1 For the|purpose of this Standard the following definitions shall apply.

6.2 ACCES
access to the

6.3 ADDITI
material(s) o

6.4 ADD-O
6.5 ADHES
together.

6.6 AS-RE
conditioning,

6.7 ASSEM

S HOLE - Holes on the same axis through successive layers«of materials intend
surface of the land on an inner conductor layer of a multilayercategory constru

VE PROCESS — A selective or non-selective process\tsed to deposit a pattern
N clad or unclad base material.

IVE — A substance such as glue or.¢cément used to join, bond, or fasten materi

CEIVED — Samples or samples in an unconditioned state, prior to bein

or without a history of canditioning.

BLY — Various pars;subassemblies, and combinations thereof, joined together.

6.8 BARE

6.9 BASE

conductor material:

OARD - An‘unpopulated FMIC without add-on or embedded components or as

IELECTRIC MATERIAL — An organic or inorganic dielectric barrier material, us

ed to provide
Ction.

of conductor

N COMPONENT — Discrete, integrated, packaged, or chip components that are attached to
an FMIC to flinction as part of a complete circuit or assenibly.

als or objects

g subject to

semblies.

ed to support

6.10 BASE MATERIAL — An organic or inorganic insulating material used to support a pattern of
conductor material, with or without integral adhesive material, with or without integral conductor material.

6.11

BASE MATERIAL THICKNESS - The thickness of the base dielectric material excluding conductive

foil or material deposited on the surfaces. If an adhesive is used for the base material, the adhesive
thickness and number of sides is indicated separately.

6.12 BLIND VIA — A via extending to only one surface of the printed wiring board construction.

6.13 BLISTERING — Localized area of delamination. See Delamination, 6.60.

6.14 BONDING FILM- The layer of insulation used to bond discrete layers during lamination of
multilayer flexible printed wiring board constructions. A general term used to describe bondply and
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freefilm. See also Bond Ply 6.16, Supported Bonding Film, 6.162, Freefilm, 6.87, and Unsupported
Bonding Film, 6.174.

6.15 BONDING LAYER - An adhesive layer used to bond discrete layers of multilayer category
constructions during lamination.

6.16 BOND PLY — See Bonding Film, 6.14.
6.17 BUILD-UP MATERIAL — Multiple layers of HDI materials.

6.18 BUILD-UP THICKNESS - Overall thickness of a combination of materials. Unless otherwise
indicated, th bui:d-up thicknesswiltreferto-theoveraltthickness-imtheareaof anFHvHE-where no internal
or external cdnductor material resides.

6.19 BURIBED VIA — A via that does not extend to the surface of an FMIC construction!

6.20 CALCUYLATED THICKNESS - A thickness value determined by adding suggedted material
component thicknesses, or a thickness value determined by adding or subtracting one measpred value to
or from another measured value.

6.21 CAST |ON COPPER - Resin is cast onto copper and then-polymerized (cured). The process may
require a “mulftilayer” resin to manufacture a double-sided clad material.

6.22 CIRCUIT — Electrical devices and elements interconnected to perform a desired electri¢al function.
6.23 CIRCUITRY LAYER - Conductor layer or plang,in or on an FMIC construction or printed board.
6.24 CLAD MATERIAL — Base material or base dielectric material with conductor material attached.

6.25 CLADDING - A deposited or plated metallic layer or laminated foil used for its protgctive and/or
electrical properties. See Conductive Fail, 6.30.

6.26 COATING — A non-metallic substance applied by some process, such as dipping, cuftain coating,
film laminating, screening, spraying, or melt-flow.

6.27 COMPONENT <£An individual or combination of parts intended to perform a desired fupction.

period of timg, prior to or after testing, and before evaluation.

6.28 CONDJTIGNING — The time related exposure of test samples to a specified envirTnment for a

6.29 CONDUCTIVE (ELECTRICAL) — The ability of a substance or material to conduct electricity.

6.30 CONDUCTIVE FOIL — A thin metal sheet intended for forming a conductor pattern on a base
material.

6.31 CONDUCTIVE PASTE — An organic or inorganic paste substance capable of transmitting electricity,
used for circuit conductors, including but not limited to carbon, copper, and silver.

6.32 CONDUCTIVITY (ELECTRICAL) — A property exhibited by a material or substance when electricity
is transmitted through the material or substance.

6.33 CONDUCTOR — A trace or path for electricity to transmit in a conductor pattern.
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6.34 CONDUCTOR ADHESIVE - Adhesive material used to attach conductor material to a base
material, or base dielectric material.

6.35 CONDUCTOR AVERAGE TRACE WIDTH — The average width of a length of conductor trace.

6.36 CONDUCTOR BASE WIDTH — The width of a conductor at the interface of the conductor material
and base material. See Conductor Width, 6.44.

6.37 CONDUCTOR LAYER - The total conductive pattern formed on one side of a single layer of a base
material. This may include all or a portion of ground and voltage planes.

LHoeToR MATERLAL A

6.38 CONQG

used for circ
carbon pastg

6.39 CONIL
material, incl

6.40 CONILO

6.41 CONL
coatings, exd

1} wyal Iib Ul ;I IUIUGI I;La bubbtal 1T uapabic Uf tlcll Iblll;tt
Lit conductors, including but not limited to copper, tin, nickel, gold, copper paste
, ruthenium oxide paste, etc.

UCUTUIN IVIATLINIAL = A

UCTOR PATTERN - The path, design, or configuration of condu¢tor materia
Liding but not limited to conductor traces, lands, through-holes, and vias.

UCTOR SPACING — The minimum distance between adjacent conductors.

UCTOR THICKNESS — The thickness of the conductor and additional metal
luding non-conductive coatings.

ng electricity,
. silver paste,

on the base

ic platings or

6.42 CONDUCTOR TRACE — A linear conductor path of a:conductor circuit.

6.43 CONDUCTOR WEIGHT — See Conductor Thigkness, 6.41.

6.44 CONDUCTOR WIDTH — The width of the conductor as viewed from a top view or at the plane of the
surface of a pbase material, whichever is less."\See Conductor Base Width, 6.36.

6.45 CONHORMAL COATING - An. insulating, environmentally protective coating capable pf conforming
to the object$ coated.

6.46 CONNECTOR - A tefminal device capable of connect/disconnect service for electrical
components

6.47 CONYTRUCTION — A variation in flexible materials build-up, including but not limited to film,

adhesive, b3

insulation mapterials. Variations include singlelayer, multilayer, flexible, flex-to-install, rigid, &

se.material, bonding film, cover material, dielectric material, laminate, prep

reg, or other
nd multilayer

flex-rigid composite constructions.

6.48 CONTACT FINGER — A conductive surface used to provide electrical connection by pressure
contact, usually located at an edge of an FMIC.

6.49 CONTINUITY — An uninterrupted path for the flow of electrical current in a circuit.

6.50 CONVERTOR - Manufacturer who prepares materials, such as lamination of copper, adhesive, and
base dielectric material for use in the fabrication of FMIC's.

6.51 CORE MATERIAL — The innermost material, FMIC construction, or printed wiring board which may
be used to support a subsequent layer or layers of dielectric material and conductor pattern. Core material
may be an organic or inorganic material, with or without integral dielectric material. Core material may be
referred to as substrate material.
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6.52 COVERCOAT — A material deposited as a liquid onto the circuitry that subsequently becomes a
permanent dielectric coating. See Cover Material, 6.56.

6.53 COVERFILM — A film made from:

a) A homogenous, single component chemistry;

b) Separate layers of generically similar chemistries; or

c) A composite blend of chemistries.

See Cover Material, 6.56.

6.54 COVE
See Cover M

6.55 COVE

6.56 COVE
flexible circuit

6.57 CRITI(Q
to the materig

6.58 CURR

between the ¢nds of the conductive path.

6.59 DECL/
etching or oth

6.60 DELAMINATION — A planar separation of materials (i.e., separation between conduc

material, bon

6.61 DESIC
agent, mainta

6.62 DIELE

being polarized by eleetric field.

RLAY— Film and adhesive made from separate layers of generically different
bterial, 6.56.

RLAY ADHESIVE — Adhesive used with film to prepare coverlay.

R MATERIAL — A thin dielectric material used to encapsulate circuitry, most @
applications. See Covercoat, 6.52, Coverfilm, 6.53, and Coverlay, 6.54.

CAL OPERATION — Production process or fabricatiof step considered potentiall
Is subject to the operation.

EFNT — The flow or movement of electrons ina conductor as a result of a volta

AD — A dielectric material from which-the foil or conductive material has been
er means.

jing film and base material, cover material and conductor, etc.).

CATOR — A sealable enclosure containing anhydrous calcium chloride, or
ined at a relative humidity not exceeding 20 percent at 23 +2 °C (73.4 £3.6 °F).

CTRIC =A'material capable of high resistance to the flow of electrical current ar

chemistries.

ommonly for

y detrimental

je difference

removed by

for and base

other drying

d capable of

6.63 DOUB

E-SIDED — A singlelayer construction or printed wiring board with a conductiv:

layer on the

two external sides of the base material. Sometimes referred to as di-clad.

6.64 EDGE CONDUCTOR — A conductor parallel with and spaced not more than 1/64 inch (0.4 mm)
from the edge of the base material.

6.65 ELECTRODEPOSITION — The depositing of conductor material from a plating solution by the

application of

electrical current.

6.66 ELECTROLESS DEPOSITION — The depositing of conductor material from an autocatalytic plating
solution without the application of electrical current.

6.67 ELECTROPLATING — See Electrodeposition, 6.65.
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6.68

6.69
6.70.

6.70

6.71

FMIC construction by a chemical reaction.

EMBEDDED COMPONENT — A discrete component integrated into the FMIC during fabrication.

END-PRODUCT - An individual part or assembily in its final completed state. See End-Use Product,

END-USE PRODUCT — A device or appliance in which an FMIC is installed as a component.

ETCHANT — A solution used to remove the unwanted portions of material from a base material or

6.72 ETCHED - A base material in which the conductive layer has been removed by a chemical

process.

6.73 ETCH
or resistive

6.74 EXTE

6.75 FABR

ING — The chemical, or chemical and electrolytic, removal of unwanted pertions
aterial.

RNAL LAYER — The conductor pattern on the external surface ofthe’constructio

CATOR - A manufacturer, alternate manufacturer, subcontractor, or multi-site p

of conductive

rocessor who

may form th¢ pattern of conductive material, laminate, coat, or process the materials for pfoduction of a

printed wiring

6.76 FILLE

board or FMIC.

T — Material used to fill the corner or angle created; where two materials are join

pd.

se where the
chanical, and
f the resulting

6.77 FILM }+ A sheet, thin coating, or membrane material having a thickness not greater than 0.25 mm
(0.010 inch).

6.78 FLAMMABILITY CLASSIFICATION ONLY — A printed wiring board intended for u

construction |shall be evaluated for flammability classification only, and the thermal, me

electrical capacity of the materials is not of‘concern and only the flammability classification o

FMIC is of cgncern in the end-use praduct.

6.79 FLAT [PANEL) — Any number of printed wiring board constructions or FMIC's assembl

a sheet, usually with a frame-areund the side, when shipped from the FMIC manufacturer.

6.80 FLEXIBLE INTERCONNECT CONSTRUCTION — A sub-category construction inte

where some

6.81

FLEXIBLE "MATERIALS INTERCONNECT CONSTRUCTION (FMIC) — An assem

portion (0fthe construction shall be subject to flexing in the end-use product appl

bd together in

nded for use
cation.

bly of printed

wiring board constructions, and siiffener and adhesive material, where the assembly is intended for
component mounting and interconnection purposes.

6.82 FLEX-TO-INSTALL CONSTRUCTION — A sub-category construction intended for use where some
portion of the construction may be subject to flex for installation or service in the end-use product.

6.83 FLUSH-PRESS METAL CONDUCTOR — A metal conductor, such as copper, positioned and

secured in a

base material by a heat and pressure process.

6.84 FLUX — A surface oxidation removing and protecting compound, used to promote wetting of the
base metal surface during soldering operations. Flux shall include, but not be limited to acid flux, inorganic

flux, organic

6.85 FMIC

flux, and water soluble organic flux.

— See Flexible Materials Interconnect Construction (FMIC), 6.81.
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6.86 FOIL LAMINATION — A process for bonding a conductive foil to a base dielectric material or other
insulating material.

6.87 FREEFILM — An adhesive layer used to bond discrete layers during lamination of multilayer flexible
printed wiring board constructions. See Bonding Film, 6.14, and Unsupported Bonding Film, 6.174.

6.88 FULLY-ADDITIVE PROCESS — A fabrication process where the entire thickness of electrically
isolated conductors is obtained by electroless deposition.

6.89 GRADE - A designation arbitrarily assigned to a material by the material manufacturer, converter,

or vendor.

6.90 GROU

6.91 GROU
6.92 HEATS
dissipating hq

6.93 HEATS
intended to d

6.94 HIGH
conductor ma
production of
examples of
materials, ph
to support co

6.95 IDENT
steps require

6.96 IMMEH
of nearly purg
deposited wit

6.97 INCLU
cloth)inthe s

ND— A common reference point for conductor circuits.
ND PLANE — A conductor plane used as a common reference point for conductd

INK — A device made of high thermal conductivity and low specific-heat materi
at generated by a component or assembly.

BINK PLANE — A continuous sheet of high thermal conductivity and low specific
ssipate heat from heat generating components or assemblies.

DENSITY INTERCONNECT MATERIALS (HDI).= Thin insulating materials us
terials requiring mechanical strength from a_separate core material and are int
microvias using sequential build-up and related multilayer interconnect techno

r circuits.

Bl capable of

heat material

id to support

nded for the
ogies. Some

DI materials: resin coated copper foil (RCF), liquid photoimageable (LPI) dielgctric coating

ptoimageable film dielectric coating.materials, and other thin insulating material
nductor material shall be considered\HDI material.

ICAL PROCESSING — Production or fabrication processes with the same m
j to fabricate an FMIC.

RSION SILVER — Censists of a very thin coating typically less than 0.55 microns
silver created by.galvanic displacement and may contain a slight amount of org
h the silver.

SIONS(—)Foreign particles, metallic or nonmetallic, entrapped (cannot be wip
pecified*material and are not intended as part of the material formulation.

6.98

5 when used

anufacturing

0.0217 mils)
anic material

ed off with a

INFRAREDREFEOWIR)—vtettingof tin7tead—or temettimgof sotderusing-mfrared

primary source of energy.

6.99

layers of an FMIC construction.

6.100

or in an FMIC construction.

6.101

6.102 LAMINATE (n.) — The product of bonding two or more layers of material.

heat as the

INNERLAYER CONNECTION — An electrical connection between two or more internal conductor

INTERLAYER CONNECTION — An electrical connection between two or more conductor layers on

INTERNAL LAYER — A conductor pattern contained entirely within a multilayer construction.
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6.103 LAMINATE THICKNESS - The thickness of the dielectric material (not including adhesive
thickness) in a single-sided or double-sided singlelayer metal-clad base material.

6.104 LAMINATING ADHESIVE - A thin film, coating, or membrane material used to laminate multilayer
FMIC's and printed wiring boards.

6.105 LAND - Part of the conductor pattern, usually where components are attached, mounted, or
connected.

6.106 LAYER-TO-LAYER SPACING — The thickness of dielectric material between adjacent conductor
planes (i.e., the physical distance between adjacent conductor planes).

6.107 LEGEND INK — See Marking Ink, 6.108.

bmicals, used
hs to identify

6.108 MARKING INK — A non-conductive permanent coating, resistant to solvents and ch
to provide al means of identification in the form of letters, numbers, symbolsi@nd patter
component Ipcations and orientation to aid in printed wiring board assembly.

6.109 MAXIMUM AREA DIAMETER (MAD) — The solid, unpierced circle-0f conductive material depicted

in Figure 12
pattern. The

circle within the maximum unpierced conductor area of the FMIC)cenductor pattern.

6.110 MAX

L6 represents the maximum area conductor diameter, aceeptable for any FM
maximum area conductor diameter is determined by<inscribing and measurin

MUM OPERATING TEMPERATURE (MOT)*<“The maximum continuous us§

IC conductor
g the largest

temperature

the FMIC mgy be exposed to under normal operating conditions.

6.111 MET,
both sides w

AL-CLAD BASE MATERIAL — Base material with integral metal conductor mate
th or without adhesive.

rial on one or

6.112 MIDE
a printed wiri

OARD CONDUCTOR - A conductor spaced more than 0.4 mm (0.016 inch) fro
hg board.

M the edge of

6.113 MINI
production p

MUM CONDUCTORVWIDTH — The minimum width conductor present on the sample or
inted wiring board..See Conductor Base Width, 6.36.
6.114 MIXE -
incorporating

D COMPONENT-MOUNTING TECHNOLOGY A component
both through-hole and surface mounting on the same FMIC.

mounting process

6.115 MIXE

D TECHNOLOGY — A component mounting process incorporating both thro
surface mounti '

g o one side of thesame FVvHE:

Lugh-hole and

6.116 MULTILAYER — A printed wiring board construction category that consists of alternate layers of
conductor and dielectric materials laminated or bonded together, including at least three conductor layers
separated by two dielectric layers, with at least one internal conductor layer.

6.117 MULTILAYER RIGID FLEX COMPOSITE — Hybrid FMIC's consisting of a combination of flexible,
flex-to-install, and rigid constructions, and in some cases rigid industrial laminate materials, electrically
interconnected by means of conductor plated through holes or vias.

6.118 OVERCOAT - A thin coating or membrane material used to cover a conductive pattern on a base
material.
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6.119 PATTERN — A configuration of conductive and nonconductive materials on a base dielectric

material.

6.120 PERFORMANCE LEVEL CATEGORIES (PLC) — An integer defining a range of test values for a
given electrical or mechanical property test.

6.121

PERMANENT MATERIALS — Materials intended to be a part of the FMIC for the life of the product.

6.122 PERMANENT RESIST — A solder resist or mask material intended to be a part of the FMIC, for the
life of the product.

6.123 PLATEB-FTHROUGHHOLE="A—connectionbetween—differentptanes—ofconductor
double sided| or on or in multilayer FMIC's, by means of a plating process that deposits

material on th

6.124 PLAT
conductive p3

6.125 PLAT|
material takin

6.126 PLUQ
blind vias, etq
spraying, or n

6.127 POLY
Paste, 6.31.

6.128 PREH
resin).

6.129 PRIM
inspection pri

6.130 PRIN
6.131 PRIN

provides poir]
Standard for

e side of a hole.

patterns on
a conductor

ING (n.) — A chemical or electrochemical deposition of metal on_amentire sufface or on a

ttern.

ING-UP — The electrochemical deposition of a conductive-material on a ba
g place after the base dielectric material has been made conductive.

EGED-HOLE MATERIAL — A nonmetallic substance‘Used to plug through hol

., and applied by some process, such as dipping, curtain coating, film laminatin
nelt-flow.

MER THICK FILM — Referred to in this”*Standard as conductive paste. Seq

se dielectric

bs, buried or
j, screening,

Conductive

PREG — A sheet of material impregnated with a resin cured to an intermediate stage (B-stage

ARY STAGE OF MANUFACTURE - The point in time when the product
br to shipment.

TED BOARD:— See Printed Circuit Board, 6.131, and Printed Wiring Board, 6.135.

TED CIRCUIT BOARD — A printed board produced from rigid industrial laminate
t-to-paint connections and printed components in a predetermined arrangem
Rrintéed Wiring Boards, UL 796. See also Printed Wiring Board, 6.135, and P

is ready for

material that
ent. See the
inted Board,

6.130.

6.132 PRINTED CIRCUIT BOARD ASSEMBLY — An assembly that uses a printed wiring board for
component mounting and interconnecting purposes.

6.133 PRINTED CONDUCTOR — A conductor applied to a base material, or to an existing conductor on
base material, by means of a printing process.

6.134 PRINTED WIRING — A pattern of conductive material formed on the surface of a base or dielectric
material with point-to-point electrical connections or shielding.

6.135 PRINTED WIRING BOARD — A completely processed combination of a printed wiring pattern,
including printed components, and the base material. See Printed Circuit Board, 6.131 and Printed Board,
6.130.
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6.136 PRINTING — Reproducing a pattern on a surface by any process.

6.137 PRO

DUCTION BOARD — A complete fabricated FMIC intended for shipment.

6.138 PRODUCTION PROCESS - Fabrication process used to produce FMIC's intended for end-use

products.

6.139 REINFORCEMENT MATERIAL — Any material (i.e. fibrous, continuous, sheet, etc.) capable of

enhancing th

e base material mechanical or physical performance.

6.140 RELATIVE THERMAL INDEX (RTI) — Maximum service temperature for a material, where a class

of critical prq
reasonable |
correspondin]

6.141 RES
(one pass) o
stage resin.

foil and B-st3

6.142 RES
a pattern fro
after process

6.143 RIGI
be subject to

6.144 RIGI
thermosettin
product.

6.145 RIGI
materials.

6.146 ROL
for further pr

6.147 SAM
a coupon.

}JUI‘ty VV;“ IIUt bc: unabbcptab:y bUIIIpIUIII;OUd ‘lhluuyh bhclll;ba: thclllld: dcylad
fe of an electrical product, relative to a reference material having a confirme
g performance defined RTI.

N COATED COPPER FOIL (RCF) — Metal foil coated with unreinfofced resin u
double- (two pass) coated system. Single-coated foils are usually; coated with g
Double-coated foils are usually coated with two layers of resin; C-stage resin a
ge resin on the surface of the C-stage resin.

ST COATING — A material supplied in liquid or film ferm to mask or protect selg
M the effects of an etchant, solder, or plating andwhich remains on the printeg
ing.

D — A sub-category construction intendedfof use where no portion of the con
flexing, bending, or flex-to-install in the end-use product application.

D INDUSTRIAL LAMINATE - Fibreus reinforcement material impregnated or

D PRINTED WIRING BOARD — A printed wiring board produced from rigid b

| MATERIAL« Flexible materials supplied on a supporting core for the purposes
bcessing.

PLE =-A test vehicle which may be a production printed wiring board, or a portig

tion, over the
, acceptable

Sing a single-
ne layer of B-
Hjacent to the

cted areas of
wiring board

struction shall

coated with a

j resin binder, and consolidated’under high temperature and pressure into @ dense solid

ase dielectric

of offwinding

n there of, or

6.148 SEQUENTIALLY LAMINATED MULTILAYER — A multilayer category construction formed by a

build-up of

plated through-hole double-sided singlelayer

category constructions or

multilayer

constructions, such that some of the conductive layers are interconnected with blind and/or buried vias.

6.149 SHEET MATERIAL - Flexible materials supplied cut to processing dimensions for further
processing. May have been prepunched.

6.150 SILVER MIGRATION - The ionic movement of silver due to migration inducing affects.

6.151

SINGLELAYER - Singlelayer constructions are double-sided constructions with one layer of

dielectric materials(s) separating the conductor planes, and single-sided constructions with a single
conductor plane on one side of a dielectric material(s).
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6.152 SINGLE-SIDED — An FMIC construction or printed wiring board with a conductive layer on one
external side of the base material(s).

6.153 SOLDER — A metal alloy with a melting temperature below 427 °C (800 °F).
6.154 SOLDER MASK — See Solder Resist, 6.155.

6.155 SOLDER RESIST — A coating material intended to prevent deposition of solder upon selected
areas during solder operations.

6.156 SOLDERING - ASSEMBLY SOLDERING PROCESS - The process used for soldering

components
but is not limi

6.157 SOLI

soldering iron.

6.158 SOLL
components
components
thermal profil
but excludes

ed to reflow, wave, selective soldering or other equivalent soldering techniques.

ERING — HAND SOLDERING — Hand-held, operator-controlled soldering, u

ERING - SELECTIVE SOLDERING - An automatedprocess used f
0 a printed wiring board during the assembly process. The-process targets ¢
bn a printed wiring board. The complete printed wiring board may not be subjec
e during these soldering processes. Selective Soldering encompasses differer
Surface Mount Technology (SMT) reflow soldering’and traditional wave solderir

of Selective Soldering are — Laser Soldering, Miniature Wave-Select Solder Fountains, and H
Robotic Soldg¢ring.
6.159 SPUTTERED ON — Metallized pre-polymerized(cured) film. Typically the resin is a th

may be a thefmoplastic.

6.160 STIF
FMIC.
6.161 SUBS

6.162 SUPH

FENER — An organic or inorganijc’material used to provide support or strength

bTRATE — See Core Material, 6.51.

PORTED BONDING FILM — A combination of film with integral adhesive on two

dielectric maferial used to bend discrete layers during lamination of multilayer category ¢

FMIC's, and g

6.163 SURF

rinted wiring:boards. See Bond ply, 6.16, and Bonding Film, 6.14.

FACESFINISH — See 6.166, Surface Plating.

may include

sually with a

br soldering
nly selected
to the same
t techniques
g. Examples
Point-to-Point

ermoset, but

to part of an

sides, and a
onstructions,

6.164 SURFACEMOUNT COMPONENT—Ateaded orteadtesstomponent tapabteof being attached

to an FMIC construction by surface mounting.

6.165 SURFACE MOUNTING — Electrical connection of components on the surface of the conductor

pattern.

6.166 SURFACE PLATING — The surface plating/coating shall be on the top surface of patterned
conductors and shall not create an interface with the dielectric surface.

6.167 TEMPERATURE PROFILE — The depiction of temperatures a select point traverses as it passes
through a process involving multiple temperatures and dwell times.

6.168 TEST PATTERN — The conductor pattern intended for test and inspection purposes.
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6.169 TEST SAMPLE — A complete (or portion of a) production FMIC, a complete (or portion of a) panel
of FMIC's, or a coupon or panel of coupons (or a portion thereof) formed by the FMIC production
processes incorporating specific features.

6.170 TYPE — A unique model or product designation arbitrarily assigned to an FMIC by the fabricator.
See Markings, Section 13.

6.171

UNDERCOAT - A thin coating or membrane material between conductor planes intended for use

as a dielectric material, used to cover a conductive pattern on a base material, or some portion thereof,
and conductor material is applied to the exposed undercoat surface.

6.172 UL/A
Polymeric M
Used in Prin
Film Materia
746F, as hayv

6.173 UNC

6.174 UNS
discrete laye
See Bonding

6.175 VIA -
other reinfor
Buried Via, 6

6.176 VOIL

6.177 X-AX
coordinate s
coordinate s

6.178 Y-AX
coordinate s
coordinate s

6.179 Z-AX
usually refer:

, Vulcanized Fibre,
fed Wiring Boards, UL 746E, and the Standard for Polymeric Materials < Fléx
s For Use In Printed Wiring Boards and Flexible Materials Interconnect Cons
ng certain base material, resin, thermal index and profiles of minimumperforma

rs during lamination of multilayer category constructions, FMIC's, and printed v
Film, 6.14, and Freefilm, 6.87.

- A conductor plated through-hole, in which there is no intent to insert a comp
tement material, for interlayer connection of<conductor planes. See also Blind
.19.

— The absence of metallic or nonmetallic substance in a localized area, in or on|

IS — A reference axis, usually horizontal or left-to-right direction in a tw
stem. The x and y axes are-Usually perpendicular to one another in a two or thn
stem.

IS — A referen€e) axis, usually vertical or bottom-to-top direction in a tw
stem. The x.and’y axes are usually perpendicular to one another in a two or thr
stem.

IS —<Fhe axis perpendicular to the plane created by the x and y reference a
5 tothe thickness of an FMIC.

LAD — A dielectric material without foil or conductive material (never copper clad).

Standard for

and Materials

ble Dielectric
tructions, UL
hce.

UPPORTED BONDING FILM — A coating or membrang)adhesive material yised to bond

viring boards.

pnent lead or
ia, 6.12, and

an FMIC.
o dimension

ee dimension

o dimension
ee dimension

es. This axis

7 Abbreviations

71
Construction

." See 6.80 for the definition of FMIC.

The acronym FMIC appears throughout the Standard, and stands for "Flexible Materials Interconnect

7.2 The acronym MAD appears throughout the Standard, and stands for "Maximum Area Diameter." See

6.109 for the

definition of MAD.

7.3 The acronym MOT appears throughout the Standard, and stands for "Maximum Operating

Temperature

." See 6.110 for the definition of MOT.

7.4 The acronym RTI appears throughout the Standard, and stands for "Relative Thermal Index." See

6.140 for the

definition of RTI.
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CONSTRUCTION
8 Materials

8.1 General

8.1.1 Flexible materials shall be defined as materials exhibiting flexible properties.

8.1.2 Each combination of materials, and each applicable material component, film, adhesive, base
material, conductor material, bonding film, cover material, dielectric material, laminate, prepreg, stiffener,
and other insulation material in a fabricated FMIC shall be determined to be acceptable for use in the

intended construction (aub-batcuuw) appiication:

Exception: Fi
maximum by
indices to thg
Flexible Diele
Repeated fle
and Flammak

8.1.3 FMIC
material, for ¢

8.1.4 Each
material type

8.1.5 Them
in the base
applicable, an

8.16 Ifad
change such
difference or
provided for b

8.1.7 Film,

br the intended application, if the applicable material combinations, in\the n
ld-up construction have previously been evaluated with representative” para
applicable testing requirements in accordance with the Standard-faryPolymeri
ctric Film Materials, UL 746F, then the (Ambient) bend test, 12.9/\Celd-bend te§
king test, 12.11; need not be conducted. The Bond strength.test, 12.6; Coverl
ility tests, 12.15; of the minimum build-up construction shall be’conducted for the

test samples shall be provided for each different mandfacturer and each diffe
ach material component, except as described in 8129

material component shall be identified by the*manufacturer, grade designation
i.e. polyimide, polyester, epoxy, acrylic, coppér, etc.).

aterial components, in an as-received’condition, shall be free of defects such ag

Hielectric material, non-uniformity in“any fabric weave or exposure of fibers
d shall be evenly coated, without-pinholes, blisters, voids.

fference in a grade designation or catalog number of the same material refl

minor change does:not affect the material performance profile indices, samples
oth materials and alseparate unique Type designation is not required for the FM

prepreg, stiffi
FMIC shall
performance
temperature

hdhesive, base material, bonding film, cover material, dielectric material, coati
ner, and\other insulation material used as a base material and/or dielectric
ve aceeptable electrical and mechanical relative temperature indices and d
properties at or above the MOT of the FMIC type. The electrical and mecha

ninimum and
meter profile
C Materials —
t, 12.10; and
hy test, 12.8;
e FMIC type.

ent grade of

and generic

unevenness
or threads if

Bcts a minor

as a change of color-or-a different manufacturing location for the same supplier, and the

need not be
C type.

ng, laminate,
barrier, in an
rect support
hical relative

Materials —

Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring
Boards, UL 746E or the Standard for Polymeric Materials — Flexible Dielectric Film Materials for Use in
Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F.

Exception No. 1: If the FMIC type is evaluated for flammability classification only without consideration of
an MOT, the materials and applicable material components need not possess electrical and mechanical
relative temperature indices or direct support performance propetrties.

Exception No. 2: If the mechanical and electrical relative temperature indices of the base dielectric
material are equal to or exceed the MOT of the FMIC type, the adhesive on one or both sides of the base
dielectric material need not possess mechanical and electrical relative temperature indices.
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8.1.8 The MOT shall not exceed the electrical or mechanical relative temperature indices of the base
material or other insulation material when used as a dielectric barrier and/or substrate for conductors.
Suggested values for the MOT include 90, 105, 130, and 150 °C (194, 221, 266, and 302 °F).

8.1.9 Each combination of materials, including each applicable material component in the fabricated
FMIC shall be determined to have the same or higher flammability classification as the FMIC type.

8.1.10 The performance profile indexing values of the FMIC type shall be limited to the lowest rated
individual indexing values for the dielectric materials in the construction for each combination of materials,

including each applicable material component.

8.1.11 If th
dielectric m
dielectric m3
bond strengt

8.1.12 Whe
material and

materials shall be considered base material. See Base Materials, 8.3.

8.1.13 Eac
adhesive, bg
comply with
Materials for

Exception N
intended for
samples shg
(which may 1
samples shg
thickness (w

Exception N¢. 2: If the polyimide film material used to manufacture the base material, bondin

cover matetri
the flammab
adhesive shd

Exception N
material has

erial and adhesive (if applicable), and the same conductor material is bonde
terial or adhesive, bond strength testing of the conductor to base material’s
n testing of the conductor to the bonding film and cover material.

n conductor material is laminated or adhered directly to materials\such as bond
other insulating material, the resultant combination of insulating material a

n material component in combination with each applicable combination of base
nding film, cover material and other insulation material intended in the cons
the flammability tests in accordance with the Standard for Tests for Flammab
Parts in Devices and Appliances, UL 94, according to the desired flammability cl

p. 1. If the absolute minimum film with the absolute maximum adhesive thickn
production, two sets of samples shall*be subject to flammability testing. TH
Il include the absolute minimum film~with the corresponding maximum adhes
ot be the absolute maximum adhesive thickness to be used in production.) The
Il include the absolute maximum adhesive thickness with the corresponding
hich may not be the absolute-minimum film thickness to be used in production.)

bl has been previously evaluated for flammability in the minimum and maximum
lity classification js V-0 or VTM-0, flammability testing of the minimum film with
Il be required.assuming the requested flammability rating is the same as the orig

p. 3: _If:the film material used to manufacture the base material, bonding film,
been previously evaluated for flammability in the minimum and maximum thich

he same base

to the base
all represent

ng film, cover
hd conductor

material, film,
truction shall
lity of Plastic
assification.

psses are not
e first set of
ive thickness
second set of
minimum film

g film, and/or
hickness and
the maximum
inal rating.

and/or cover
ness and the

flammability

classification is VTM-1, VTM-2, V-1, V-2, or HB, double-sided and single-sided flammability

samples are
8.2 Polyim

8.2.1

required.

ide ANSI-like flammability program

The program applies to flammability testing only.

8.2.2 When the base dielectric material and adhesive combination have been previously investigated for
flammability classification in accordance with the Standard for Tests for Flammability of Plastic Materials
for Parts in Devices and Appliances, UL 94, and the Standard for Polymeric Materials — Flexible Dielectric
Film Materials for Use in Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL
746F, testing is not required to add alternate base materials to an established Flammability Only FMIC
when the base dielectric material and adhesive combination meets the following requirements:
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a) The alternate film shall be the same generic polyimide type as previously evaluated with the
adhesive;

b) The alternate film shall be used with the same adhesive and adhesive thickness or shall be
adhesiveless the same as previously evaluated;

¢) The alternate film minimum thickness shall be equal to or less than the film minimum thickness
previously evaluated with the FMIC;

d) The alternate film maximum thickness shall be equal to or greater than the film maximum
thickness previously evaluated with the FMIC;

e) The_alternate film shall have a V-0 or VTM-0 flammability rating the same gs previously
evalugted; and

f) Thg alternate film and adhesive combination shall have a flammability (rating pqual to the
previous flammability rating of the FMIC.

8.3 Base mjaterials

8.3.1 Referg¢nce to base materials in this Standard shall apply to materials used to supp@rt conductor
materials, with or without the use of adhesive materials.

8.3.2 Base materials shall include but not be limited to base.dielectric materials, such as film, adhesive
(where appligable), and substrate materials supporting conductor material. See Figure 8.1 fo examples of
base materials used in FMIC constructions.
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Figure 8.1

Examples of Base Materials, Used in FMIC Constructions

Single-sided base material;

base dielectric material;

conductor-clad with adhesive

Single-sided base material;

base dielectric material;

conductor-clad without adhesive

| =4

7

conductor-clad without aghesive

ly used as base material

Coverfilm_used as base material

Where,

su0246

/\P | ] | |
— L)
il | | I
Conductor material
— — = __p— Adhesive
! X —~—— Base dielectric material,|film
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8.3.3 Base material thickness describes the base material thickness only, without conductor material.
Base material with adhesive material shall specify the base dielectric material and adhesive thicknesses
separately. Adhesive material shall be specified as being applied on one side or two sides of the base
dielectric material.

8.3.4 The minimum and maximum thickness of the base dielectric material shall be identified for each
base material grade.

8.3.5 The minimum and maximum thickness of adhesive shall be identified for each base material grade
and thickness.

8.3.6 Adhesive-materalsusedio-bond-conduciormateraltothe-base-dislestricmateralshall comply
with Conductprs and conductor adhesives, 8.4.

8.3.7 The type of conductor material shall be identified for each base material.

8.3.8 The nfinimum and maximum thickness of each grade of conductor shall\be identified fpr each base
material gradg and thickness.

8.3.9 Each pase material in combination with the integral adhesive (in the requested thicness ranges
shall comply [with the flammability tests as specified in Table 8.4~according to the desired| flammability
classification|the Standard for Polymeric Materials — Flexible Materials Used in Printed Wiring Boards and
Flexible Matgrials Interconnect Constructions, UL 746F and-the Standard for Tests for Flammability of
Plastic Materials for Parts in Devices and Appliances, UL 94

Table 8.1
Base Matefrial Flammability Test Sample Reguirements Based on Film and Adhesive Thickness
Ranges
Set Base dielectric thk Adhesive thk Test Section
- - Flammability — waive if V-0 or
1 Minimum Minimum VTM-0 Polyimide 12.15
2 Minimum Maximum Flammability 12.15
. - Flammability — waive if V-0 or
3 Maximum Minimum VTM-0 Polyimide 12.15
: . Flammability — waive if V-0 or
4 Maximum Maximum VTM-0 Polyimide 12.15

NOTE — Flamnability sample sets 1, 3, and 4 may be waived if the polyimide film is V-0 or VTM-0 and the requested flammability
rating is the sarpe.as the original film rating. See the Exception to 8.3.10.

8.3.10 The flammability classification of the FMIC type shall not exceed the flammability classification
determined for the base material, and the base material flammability classification determined for the
fabricator shall not exceed the flammability classification established for the base material manufacturer.

Exception: If the flammability classification of base material in combination with cover material exceeds the
VTM flammability classification of the base material, the flammability classification of base material in
combination with cover material shall be evaluated for the V flammability classification.

8.4 Conductors and conductor adhesives

8.4.1 Reference to conductors in this Standard shall apply to materials used to create the circuit or
conductive pattern of the FMIC.
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8.4.2 Conductors shall include, but are not limited to, aluminum, copper, copper alloy, copper paste,

carbon paste, gold, silver, silver paste, conductive polymer tin, tin/lead, ruthenium oxid
conductive material having similar conductive properties.

8.4.3 A conductor surface shall be smooth, even, and free of wrinkles, holes, voids, blisters,

other imperfections capable of impairing the functionality.

e, and other

corrosion, or

8.4.4 Representative test samples shall be provided for each conductor thickness (weight) range

(minimum and maximum).

8.4.5 Metal conductors shall be investigated for adhesion to the base dielectric material in accordance

with Bond strergth

8.4.6 Pastgs, inks or non-metal conductors, such as carbon, copper silver or other.condu
shall be invgstigated for adhesion to the base dielectric material in accordance with’ Con
adhesion teg
investigated [on each generic base material in combination with each FMIG “surface, suc
limited to, balse dielectric material, adhesive, metal and paste-type conductors, cover materia
holes, and the like.

Exception: If|the interface of the conductive paste material and base material are identical
paste on bade dielectric material without adhesive, and copper paste on the film side cover fi
same film is|used for the base material and the cover film);. and, if the sample thickness
testing of the| conductor material on one interface shall represent testing of the additional inte

8.4.7 A separate set of conductor pattern limits cah-be established for a unique condug
(weight) or rgnge for the FMIC type.

xternal copper thickness (weights) up to and including 3 oz/ft? (915 g/m?),
hess (weight) to be used inlproduction may be considered representative g
pight) range for evaluation‘ofithe Bond Strength Property only.

8.4.8 For g
copper thick|
thickness (w

8.49 Ifthe
oz/ft?), the m
thickness re
representatiy

inimum copper thickness (weight) shall be plated with copper as close as poss
bresentative of.a) weight of 33 mic (1 oz/ft?) for bond strength test purposes
e of weights.lip'to and including 102 mic (3 oz/ft?).

8.4.10 For
heaviest cop|

coppeiweights greater than 102 mic (3 oz/ft?), an additional set of test samples
per thickness (weight) to be used in production may be considered representa

ctive coating,
Huctive paste

, 12.7. Based on the FMIC production construction, paste type conductor adhgsion shall be

h as, but not
Is, in through

(e.g., copper
'm, where the
is the same,
face.

tor thickness

the minimum
f this copper

minimum external capper thickness (weight) to be used in production is less tihan 33 mic (1

ible to a total
and is then

including the
ive of copper

weights down t0102 mic (3 oz/ft?) for evaluation of the Bond Strength Property only.

8.4.11
following tests requiring copper on the base film:

a) Bond strength test, 12.6 (as described in 8.4.8, 8.4.9, and 8.4.10);

b) Coverlay test, 12.8;

c) (Ambient) bend test, 12.9;

d) Cold-bend test, 12.10; and

e) Repeated flexing test, 12.11.

The minimum and maximum external copper thickness (weight) shall be evaluated for each of the
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8.4.12 For metal type conductors, a retest is necessary if the copper thickness (weight) is to be
increased or reduced beyond the limits established for the FMIC type or base material grade. Testing shall
be conducted in accordance with the Delamination test, 12.4, and Bond strength test, 12.6, (Ambient)
bend test, 12.9, Cold-bend test, 12.10, and Repeated flexing test, 12.11. See Conductor weight, 11.6;
Conductor width, 11.7; and Maximum area conductor diameter, 11.8; for the applicable tests.

Exception: If the base material has been previously evaluated with minimum and maximum copper
weights according to the applicable testing requirements in the Standard for Polymeric Materials — Flexible
Dielectric Film Materials for Use in Printed Wiring Boards and Flexible Materials Interconnect
Constructions, UL 746F, or the Standard for Polymeric Materials — Industrial Laminates, Filament Wound
Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E, the Ambient Bend, Cold
Bend, and Repeated Flexing tests shall not be repeated.

8.4.13 Ther
conductor prg

b shall be good registration with the conductor pattern for additive plating-and qther additive

cesses.

8.4.14 Repr
material, whe
pattern on thq

8.4.15 Cong
the fabricator,

8.4.16 Aco
production, a
The pattern s
included in th

See Figure 1]

8.4.17 Aco
used in prod
board edge, 2

8.4.18 Ifan
intended in p
12.8) on test
minimum wid
width of threg

esentative samples shall be included for each process used to conductor-clad b

base dielectric material.

uctor test patterns shall include sizes, platings, and cOntacts in a configuration
See Figure 12.8 for a typical conductor test pattern:

hductor test pattern shall include a mid-boardiconductor of the minimum width
nd a mid-board conductor may terminate with;its smallest dimension at the edge
hall also employ a 1.6 mm (0.062 inch) conductor width. Secondary conductor v

.8 for additional information concernifng mid-board conductors.

iction (see Figure 12.8). The edge conductor shall be within 0.40 mm (0.015
nd not sheared at the edge.

edge conductor width of less than three times the minimum width of a mid-board
roduction, an €dge conductor of the minimum width shall be provided (see iten
samples. If an edge conductor is not provided with a width of less than thr
th of a mid-board conductor, the FMIC type shall be assigned an edge condug
times«the’minimum mid-board conductor width.

hse dielectric

re additive processes are used to clad the base dielectric material or form the conductor

specified by

o be used in
of an FMIC.
idths can be

e sample pattern in the event the minimum conductor width receives non-compliant results.

nductor test pattern shall employ ‘a representative edge conductor of the minimum width to be

inch) of the

conductor is

n F of Figure
te times the

tor minimum

hum width is

8.4.19 A relestis necessary if a reduction in the mid-board and/or edge conductor minin

desired. Testing shall be in accordance with the Bond strength test, 12.6. Test coupons need contain only
the reduced minimum width conductors. Multilayer constructions shall include internal mirror image
conductors.

8.4.20 A conductor test pattern shall include a representative maximum area conductor diameter to be
used in production. The solid, unpierced circle of conductive material depicted in Figure 12.6 represents
the maximum area conductor diameter acceptable for any FMIC conductor pattern. The maximum area
conductor diameter is determined by inscribing and measuring the largest circle within the maximum
unpierced conductor area of the FMIC conductor pattern.

8.4.21 If a conductor test pattern representing the maximum area conductor diameter does not
conveniently fit within the test coupon overall size dimensions shown in Figure 12.8, an additional set of
test samples with a pattern representing the maximum area conductor diameter shall be tested.
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8.4.22 A retest is necessary if an increase in the maximum area conductor diameter is desired. Testing
shall be in accordance with the Delamination test, 12.4. Samples shall include a pattern representing the
maximum area conductor diameter. Multilayer constructions shall include an internal mirror image
maximum area conductor diameter.

8.4.23 Plating of a contact surface shall be uniform, smooth, and without nodules. Contact plating shall
adhere well to the conductor surface; and, to provide a full contact area, it shall extend to the conductor

edges.

8.4.24

If one or more additional platings are intended to be used in the production of FMICs, one plating

may be selected as representative of the additional platings and shall be provided on test samples.

Exception: G
platings, and|

8.4.25 Con
migration in
could exist in

Exception N
silver migrati

Exception N|
migration inV

Exception N
containing si

Exception N
are not expo

Exception N

other silver
investigation

8.4.26 If pl
provided with

8.4.27 Solg

onductive paste materials, such as silver, carbon, and copper, are not represe
shall be provided on test samples.

accordance with Silver migration test, 12.13, when it is determined a hazard
the end-product due to metal migration of silver conductors.

b. 1: Boards intended for use in flammability classificationyonly applications do
bn investigation. Flammability only boards require a yndigue type designation.

D. 2: Boards employing conductors coated with Immersion Silver do not re
estigation.

. 3: Boards employing silver material_éncased in copper (such as a plated
ver material and capped by copper plating) do not require a silver migration inve

D. 4: Boards employing silver material on the internal layers of a multilayer corn
sed to the board surface and/er-solder resist do not require a silver migration inv

b. 5: Boards employing tonductors coated with Tin-Silver-Copper (Sn-Ag-Cu
containing tertiary«alloys, and Tin-Silver (SnAg) alloy do not require a sil

hted-through-holes are intended to be used on production boards, test couy
platedithrough-holes.

er‘erother conductive coating applied to conductors on an FMIC shall be smo

hted by other

ductors consisting of silver, silver plating, or silver paste shall bie,investigated for silver

pus condition

not require a

uire a silver

through hole

stigation.

struction and
bstigation.

(SAC)) alloy,
er migration

ons shall be

bth, cover the

conductor s

f oD and-nravwidae-far-a d-al drinal oY bona o th ad-brad-et okl
macT, arnmuaPTrovioCTUT goUUCIoTtToar COTmM o T oS T U e CTTO-PpToU Ot T aSSTTITOTY -

8.4.28 Adhesive material used to laminate, bond, or adhere conductor material to base dielectric
material shall not be water soluble.

8.4.29 Adhesive material used to laminate, bond, or adhere conductor material to base dielectric
material shall be identified by the manufacturer and grade designation of the adhesive material.

Exception: If adhesive used to laminate, bond, or adhere conductor material to base dielectric material is
an integral part of a (conductor-clad) base material and has already been evaluated to the applicable
testing requirements in the Standard for Polymeric Materials — Industrial Laminates, Filament Wound
Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E or the Standard for
Polymeric Materials — Flexible Dielectric Film Materials for Use in Printed Wiring Boards and Flexible
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Materials Interconnect Constructions, UL 746F, identification of the manufacturer and grade designation of
the adhesive material shall not be repeated.

8.4.30 Adhesive material used to laminate, bond, or adhere conductor material to base dielectric
material shall be subject to infrared analyses.

Exception: If the adhesive used to laminate, bond, or adhere conductor material to base dielectric material
has already been evaluated to the applicable testing requirements in the Standard for Polymeric Materials
— Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring
Boards, UL 746E or the Standard for Polymeric Materials — Flexible Dielectric Film Materials for Use in
Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F, and identification
analyses have heen conducted on the adhesive, infrared analyses shall not be repeated

8.4.31 EacH base material shall comply with the mechanical tests specified in Table 82, acgording to the
conductor angl base materials in the construction.

Table 8.2
Base Material Tests Based on Type of Conductor-Material
Conductor material type Tests Section

gtlsc)i-conductors (i-e., copper, Thermal stress (if applicable) 12.3
Delamination 12.4
Plating Adhesion 12.5
Bond Strength 12.6
Flammabijlity 12.15

Paste type (i.e.| polymer thick \ .
film, etc.) Thermal stress (if applicable) 12.3
Delamination 124
Gonductive Paste Adhesion 12.7
Flammability 12.15
Platings Plating Adhesion 12.5

8.4.32 Additionally, each.base material in combination with each applicable material component in the
FMIC construction shallicomply with the mechanical tests specified in Table 8.3 according to|the intended
construction gub-category. See the Exception to 8.1.2.

Table 8.3
Base Material Tests Based on FMIC Construction Sub-Category

Construction sub-category

Tests Section Flexible Flex-to-install Rigid
Coverlay test 12.8 Yes Yes Yes
(Ambient) bend test 12.9 Yes Yes Not applicable
Cold-bend test 12.10 Yes Yes Not applicable

Repeated flexing test 12.11 Yes Not applicable Not applicable
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8.5 Bonding film (supported and unsupported) and internal bonding materials

8.5.1 Reference to bonding film in this Standard shall apply to materials used to laminate and adhere
materials together.

8.5.2 Bonding film shall include film, adhesive, and other insulation materials used to laminate and
adhere materials together. Supported bonding film shall include materials such as base dielectric, woven
or non-woven reinforcement materials coated with adhesive on two sides. Unsupported bonding film shall
include adhesive only. See Figure 8.2 for examples of bonding film materials.

Figure 8.2

Examples of Bonding Film, Supported and Unsupported

| a)

Unsupported bond
(adhesive'bonding 1

bly,
ilm)

upported bond ply

4——adhesive
' € pagediclectric material, filn]

55073

8.5.3 Wher

material, the

See Base m4

conductor material is laminated or adhered directly to bonding film as a b
resultant combination. of"bonding film and conductor material is considered b
terials, 8.3.

ase dielectric
ase material.

8.5.4 A prepreg shall be,considered a supported bonding film.

and adhesive
ctric material
be specified
lhesive).

8.5.5 Suppprted bending film thickness describes the thickness of base dielectric material
witheut conductor material. For supported bonding film made from base dielg

on two side
with adhesi
separately.

8.5.6 Unsupported bonding film thickness describes the thickness of the adhesive without conductor
material.

8.5.7 The minimum and maximum thickness of base dielectric material shall be identified for each
bonding film grade.

8.5.8 The minimum and maximum thickness of adhesive (if applicable) shall be identified for each
bonding film grade and thickness.

8.5.9 The bonding film shall have acceptable mechanical and electrical relative temperature indices and
direct support performance properties at or above the MOT of the FMIC type, as described in 8.1.10.
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8.5.10 Each bonding film in combination with each applicable combination of film, adhesive, base
material, cover material, and other insulation material intended in the construction shall comply with the
following mechanical tests specified in Table 8.4, according to the intended construction sub-category.

Table 8.4
Tests for Bonding Film Based on Construction Sub-Category
Construction sub-category

Tests Section Flexible Flex-to-install Rigid
Delamination test 12.4 Yes Yes Yes
Flammability tegts 1215 Yes Yes Yes
(Ambient) bend test 12.9 Yes Yes Nof applicable
Cold-bend test 12.10 Yes Yes Not applicable
Repeated flexir|g test 12.11 Yes Not applicablé Not applicable

8.5.11 Each
Polymeric M
Materials Int
Materials for

8.5.12 Each
adhesive, bo
flammability {
in Devices an

8.5.13 The
determined f
fabricator sh
manufacturer

Exception: If
material exce
bonding film
flammadbility ¢
when only the

8.6 Covern

!

Parts in Devices and Appliances, UL 94, according to the desired flammability clgssification.

bonding film shall comply with the flammability tests in accerdance with the
terials — Flexible Dielectric Film Materials for Use in Printed Wiring Boards
rconnect Constructions, UL 746F, and the Standard for\Tests for Flammabil

nding film, and other insulation material intended in the construction shall cor

d Appliances, UL 94, according to the desired flammability classification.

flammability classification of the EMIC type shall not exceed the flammability
pr the bonding film, and the ,bonding film flammability classification determ
bll not exceed the flammability classification established for the bonding

the flammability claSsification of bonding film in combination with base mater
beds the flammapility classification of the bonding film, the flammability cla
in combination. with base material and cover material for the FMIC type sha
lassification.of the bonding film; yet, the flammability classification applies to th
same bhase-material, bonding film, and cover material are used to fabricate the

naterial (coverlay, coverfilm and covercoat)

Standard for
and Flexible
ty of Plastic

bonding film in combination with each applicable combination of base material, film,

hply with the

bsts in accordance with the Standard for Tests for Flammability of Plastic Matetfials for Parts

classification
ined for the
film material

al and cover
ssification of

exceed the
e FMIC type
construction.

8.6.1

cover a conductive pattern on the outer surface(s) of an FMIC or printed wiring board.

Reference to cover material in this Standard shall apply to materials used to partially or entirely

8.6.2 Cover material shall be a coverlay, coverfilm, or covercoat material, and shall include film,
adhesive, coating, and other insulation materials as defined in the terms. See Figure 8.3 for examples of
cover materials.
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8.6.3 If sol
evaluated as

8.6.4 Mark

8.6.5 Wher
combination
8.3, and Con

8.6.6 Cove

Figure 8.3

Examples of Cover Materials — Coverlay, Coverfilm and Covercoat

Coverlay;

base dielectric material, Covercoat

with integral adhesive

Coverfilm;
ase dielectric material

Where

pnly

a Base dielectric material, film

su0245a

a covercoat. See Solder resist, solder mask, and pefmanent coatings, 8.7.
ng ink or flux are not considered a cover materialor protective coating.

conductor material is laminated or adhered directly to cover material,

ductors and Conductor Adhesives, 8.4/

dielectric material and adhesive thickness_shall be specified separately.

8.6.7 Cove

8.6.8 Cove

8.6.9 Then
material grag

‘coat thickness shall describe the coating thickness.

e.

Her resist is being used in a flexible or flex-to-install construction, the mat

of cover material and conductor materials is considered base material. See B4

flay thickness describes the, thickness of base dielectric material and adhesi

hinimum+-and maximum thickness of base dielectric material shall be identified f

erial shall be

the resultant
se Materials,

e. The base

film thickness shalltdescribe the base dielectric material thickness only as this product is
adhesivelessy.

br each cover

8.6.10 The minimum and maximum thickness of adhesive (if applicable) shall be identified for each
coverlay grade and thickness.

8.6.11

Cover material, when used as a dielectric barrier between opposing conductor planes, shall have

been previously determined to have acceptable mechanical and electrical relative temperature indices at
or above the MOT of the FMIC type and acceptable direct support performance profile values as described

in 8.1.10.

8.6.12 Each cover material in combination with each applicable combination of material components
intended in the construction shall comply with the mechanical tests specified in Table 8.5, according to the

intended con

struction sub-category.
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Table 8.5
Tests for Coverlay Materials, Based on Construction Sub-Category

Construction sub-category
Tests Section Flexible Flex-to-install Rigid
Flammability tests 12.15 Yes Yes Yes
Coverlay test 12.8 Yes Yes Yes
(Ambient) bend test 129 Yes Yes Not applicable
Cold-bend test 12.10 Yes Yes Not applicable
Repeated flexing test 12.11 Yes Not applicable Not applicable

8.6.13 Each
Polymeric M
Materials Int
Materials for

8.6.14 Each
construction
Flammability
flammability g

8.6.15 The
determined fd

Exception: If
flammability
combination
cover materig

8.6.16 Each
Standard for
Flexible Mate]
8.7 Solder

8.7.1
apply to pern

!

cover material shall comply with the flammability tests in accordance with’ the
terials — Flexible Dielectric Film Materials for Use in Printed Wiring Boards

cover material in combination with each applicable material.component int
shall comply with the flammability tests in accordance‘with the Standard

lassification.

flammability classification of the FMIC type shall*not exceed the flammability
r the cover material.

he flammability classification of base material in combination with cover materia

with cover material shall exceed the*flammability classification of base material
| must be applied over the entiré.base material.

cover material not previously investigated shall be investigated in accorda

rials Interconnect Constructions, UL 746F.

resist, solder.mask, and permanent coatings

Refergnce tolsolder resist, solder mask, and permanent coating materials in this S

anentmaterials used as a protective coating of conductor materials. Solder resi

mask materi

material to C(ITd‘U‘Cl'UTTI‘IETE‘I’IETS‘O‘H?T‘I‘F

rconnect Constructions, UL 746F, and the Standard for Tests for £lammabil
Parts in Devices and Appliances, UL 94, according to the desired flammability clgssification.

of Plastic Materials for Parts in Devices and Appliances,y UL 94, according tq

classification of the base material)the flammability classification of base

Polymeric Materials — Flexible Dielectric Film Materials for Use in Printed Wiring

Standard for
and Flexible
ty of Plastic

ended in the
for Tests for
the desired

classification

exceeds the
material in
et the same

hce with the

Boards and

andard shall
5t and solder

Is ‘are intended for process operations usually involving the application of rrolten solder

VI,

8.7.2 A temporary (non-permanent) coating, such as a strippable or peelable resist, to be removed from
the FMIC before installation into the end product, does not require testing.

8.7.3 Solder resist materials shall include, but shall not be limited to, liquid photoimageable coating, dry

film, and simil

ar materials.

8.7.4 Solder resist shall be identified separately from cover materials. If the solder resist is dynamically
flexed in a flexible construction or bent during installation of the flex-to-install construction, the material
shall be evaluated as a covercoat. See Cover material (coverlay, coverfilm and covercoat), 8.6.

8.7.5 Marking ink or flux are not considered to be a solder resist, coverlay, coverfilm, covercoat, or
protective coating.
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8.7.6 A marking ink applied on the FMIC to provide a means of identification in the form of letters,
numbers, or symbols does not require testing. A marking ink applied on the FMIC for any purpose other
than letters, numbers or symbols such as a decorative coating, shall be evaluated as a permanent coating.

8.7.7 Permanent coatings thickness shall describe the solder resist, solder mask or other coating
thickness.

8.7.8 The minimum and maximum thickness of the permanent coating shall be identified for each
material grade.

8.7.9 Solder resist used as a dielectric barrier between opposmg conductor planes, shall have been
previously determin e-indices at or
above the MPT of the FMIC type, and acceptable d|rect support performance proflle values as described
in 8.1.10.

8.7.10 Each solder resist or permanent coating shall have previously been evaluated in ac¢ordance with
applicable test (infrared analysis, flammability, and dielectric properties) requirements in thg Standard for
Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials
Used in Printed Wiring Boards, UL 746E, according to the desired flammability classification.

8.7.11 Eaclh solder resist or permanent coating in combination with/each material componept intended in
the construgtion shall comply with the flammability tests according to the intended construction sub-
category.

Exception: See the permanent coatings program in 8.7.14.

8.7.12 Iderttical permanent coatings applied in.multiple layers during the production of an FMIC shall be
investigated ffor Flammability tests, 12.15. Flammability investigation of the maximum numbgr of identical
permanent cpating layers will represent fewer|ayers.

8.7.13 Mixgd combinations of permanent coatings shall be investigated for Flammability| tests, 12.15.
Each coatind combination shall be investigated.

8.7.14 When a solder resist(permanent coating) has been previously evaluated in accordance with the
Standard for| Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanizgd Fibre, and
Materials Uded in PrintédsWiring Boards, UL 746E with regard to its flammability after tHermal stress,
testing for ity addition~as an alternate coating to one previously tested on the rigid portion of the multilayer
rigid flex composité.construction (see Figure 9.4) is not required when the coating meets|the following
requirementsg:

a) The coating has been evaluated for use on the same ANSI type material as used for the external
surface of the rigid portion of the multilayer rigid flex composite construction;

b) The coating shall have a flammability rating equivalent to or better than the multilayer rigid flex
composite construction;

c) The solder limits of the coating are equal to or higher than the multilayer rigid flex composite
construction; and

d) The minimum thickness of the rigid laminate with which the coating was evaluated is equal to or
thinner than the minimum thickness of the rigid laminate applied to the external surface of one side
of the multilayer rigid flex composite construction.
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8.8 Plugged-hole materials

8.8.1 A plugged-hole material used in the production of a printed wiring board (including but not limited to
plated through holes, blind vias, and buried vias) shall be investigated for Flammability tests, 12.15. See
Figure 8.4 and Figure 8.5 for an example of the build-up construction test sample. The plugged hole
material shall have been previously evaluated as a permanent coating in accordance with the applicable
testing requirements in the Standard for Polymeric Materials — Industrial Laminates, Filament Wound
Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E.

Exception: Plugged-hole materials encased in copper in the board construction shall not be investigated
for flammability.

Figure 8.4
Plugged-Hole Material

Flammability Sample Construction Example

plugged—hole matesial

core
plugged—hole® material

55360

Figure 8.5
Plugged-Hole Material with Permanent Coating

Flammability Sample Construction Example

permanent coating
plugged—hole material
core
plugged—hole material
permanent coating

55361


https://ulnorm.com/api/?name=UL 796F 2022.pdf

JANUARY 27, 2022 UL 796F 33

8.8.2 When a Permanent Coating is used in the production of a printed wiring board utilizing plugged-
hole material, the combination of the permanent coating and plugged-hole material shall be investigated
for Flammability tests, 12.15. See Figure 8.5 for an example of the build-up construction test sample.

Exception: When an identical material is used as a plugged-hole material and as a permanent coating in
the production of a printed wiring board, flammability investigation of two (2) coatings of the material will be
considered representative of one (1) coating of the material.

8.9 High density interconnect (HDI) dielectric materials
8.9.1 Reference to high density interconnect materials or multilayer build-up materials in this Standard

shall apply tqvery-thin-dielectric-materials-used-to-support-conductormaterals-ntended-forthe production
of microvias iising sequential build-up (SBU) and related multilayer interconnect technologies.

8.9.2 Dielegtric materials (i.e., multilayer build-up materials intended for use in high density interconnect
constructiong) shall include, but not be limited to, very thin thickness dielectric materidls supporting
conductor njaterial. Materials such as resin coated copper foil (RCF), liguid photoimggeable (LPI)
dielectric cogting materials, photoimageable film dielectric coating materials, and other very thin thickness
insulating material when used to support conductor material shall be considered dielectric materials. See
Figure 8.6 fof an example of a multilayer build-up high density interconpect construction.

Figure 8.6

Example of a Multilayer Build-Up High Density Interconnect Construction

Double-sided base material; Etched RCC dielectric| material,
with resin coated copper dielectric microvias and throught-holes,
mdterial on both sides cover film on both sides

T — — ; x

e ————— !
| e pee— e—

Where,
E————— Resin Coated Copper
— — = Conductor material
< Adhesive
o ~— Base dielectric material, film
su0244

8.9.3 Dielectric material thickness describes the base dielectric material thickness only, without
conductor material. Base dielectric material with adhesive material shall specify the base dielectric
material and adhesive thickness separately. Adhesive material shall be specified as being on one side or
two sides of the base material.
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8.9.4 The minimum and maximum thickness of base dielectric material shall be identified.

8.9.5 The minimum and maximum thickness of adhesive shall be identified for each base dielectric
material thickness.

8.9.6 Adhesive materials used to bond or adhere conductor material to the base dielectric material shall
comply with Conductors and conductor adhesives, 8.4.

8.9.7 Base dielectric material with conductor material shall specify the base dielectric material and

conductor thickness separately.

8.9.8 Thet

8.99 The
each dielectri

8.9.10 The

inimum and maximum thickness of each type of conductor material shalb be
C material type and thickness.

Hielectric material shall have been previously evaluated in accordance with the

Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, a

Used in Print
Materials For
described in §

8.9.11 Each
the conducto

.1.10.

pd Wiring Boards, UL 746E or the Standard for Polymeric Materials — Flexible D
Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions|

dielectric material shall comply with the mechanical tests specified in Table 8.6,
material, dielectric material, and base materiakin the interconnect construction.

identified for

Standard for
nd Materials
ielectric Film

UL 746F as

according to

Dielectric Material Tests B;—:gtlieosr{ql'ype of Conductor Material
Condug¢tor material type Tests Section
Clad-conductor (i.e., copper, etc.) Thermal stress (if applicable) 12.3
Delamination 12.4
Bond strength 12.6
Paste type (i.e.| polymer thick film setcs) Thermal stress (if applicable) 12.3
Delamination 124
Conductive paste adhesion 12.7
Platings Plating adhesion 12.5
8.9.12 Dielectricmateriat—mcombimatiom—with—each—applicatte—combinatiomof fitrm—adtesive, base

material, and other insulation material intended in the interconnect construction shall comply with the
mechanical tests specified in Table 8.7, according to the intended interconnect construction sub-category,
unless otherwise indicated.
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Table 8.7

Dielectric Material Tests Based on Interconnect Construction Sub-Category

Interconnect construction sub-category
Tests Section Flexible Flex-to-install Rigid
Coverlay test 12.8 Yes Yes Yes
(Ambient) bend test 12.9 Yes Yes Not applicable
Cold-bend test 12.10 Yes Yes Not applicable
Repeated flexing test 12.11 Yes Not applicable Not applicable

8.9.13 Eac
for Tests for

dietectric materiat shattcompty withthe frammmabitity tests imaccordance with
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94; ae

desired flamfability classification.

8.9.14 The
determined f

flammability classification of the FMIC type shall not exceed the-flammability
pr the dielectric material, and the dielectric material flammability“classification d

the fabricat¢r shall not exceed the flammability classification established for the Db

manufacturef.

Exception: |
insulation m|
classification
classification
dielectric ma

8.10 Stiffe

8.10.1 Refg
stiffness, rigi
stiffener mat
and stiffener

the flammability classification of dielectric materialkin combination with oth
aterial exceeds the flammability classification of )the dielectric material, the
of dielectric material in combination with the said materials shall exceed thé
of dielectric material yet the same said materials shall be used in combination
ferial.

ner and adhesive (external bonding) materials

rence to stiffener materials in this’Standard shall apply to materials used to proy
dity, or support to constructions, by attaching the stiffener material to the con

material. Stiffener materials shall not be in direct contact with construction or FN

material. The stiffener material may be applied to any portion of the board not in contact w

material.

8.10.2 Whsg
material. Seq

8.10.3 Stiff

n conductermaterial is applied on the stiffener, the resulting combination is cor
Base Material, 8.3, and Conductors and Conductor Adhesives, 8.4.

pnermaterials shall include, but are not limited to:

the Standard
cording to the

classification
etermined for
ase material

er applicable

flammability
e flammability
with the same

ide additional
struction. The

prial shall not include conductors or integral electrical connection to and from thg construction

11IC conductor
ith conductor

sidered base

a)

Industrial laminate materials found to comply with the Standard for Polymeric Materials —

Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed
Wiring Boards, UL 746E or the Standard for Polymeric Materials — Flexible Dielectric Film Materials
For Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F;

b)

Cover materials found to comply with the Standard for Polymeric Materials — Industrial

Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring
Boards, UL 746E or the Standard for Polymeric Materials — Flexible Dielectric Film Materials For
Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F;

c) Plastic materials found to comply with the applicable requirements in the Standard for Test for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94; the Standard for
Polymeric Materials — Short Term Property Evaluations, UL 746A; and the Standard for Polymeric
Materials — Long Term Property Evaluations, UL 746B; and
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d) Other materials of the fabricator's or original equipment manufacturer's choice limited to metal.

Exception: Rigid printed wiring boards, FMICs, and EMI shielding shall not be considered stiffener
material as stated in 8.10.1.

8.10.4 Stiffener thickness describes the thickness of the base dielectric material or laminate and
adhesive on one side. The base dielectric material or laminate and adhesive thicknesses shall be
specified separately. Laminate and/or prepreg thickness describes the thickness of both the reinforcement
and resin (adhesive).

8.10.5 The minimum and maximum thickness of base dielectric material or laminate shall be identified

for each material grade.

8.10.6 Stiffe
previously ev
Short Term P

Exception No
in 8.10.3 (a),

Exception Ng
adhesive (ex
size class nu
identification

8.10.7 Stiffe
the flammabi
classification

8.10.8 Each
manufacturer
12.12 in acco|

8.10.9 Each

evaluated in accordance with Flammability tests, 12.15 in accordance with 8.10.10 as applica

8.10.10 FM

ner materials shall be subject to identification by infrared analyses if<arga
aluated. IR shall be performed in accordance with the Standard for Polymeri
roperty Evaluations, UL 746A.

1: Identification by infrared analyses shall not be conducted on stiffener maten
b), and (c).

. 2: FMIC types with stiffener materials applied in accordance with Additional
ernal bonding) materials, 13.12, shall bear the appropriate system componen
mber markings indicated therein, and the stiffener materials are not required to
bnalyses.

ner materials shall possess a flammability classification considered equal to or|
ity classification of the FMIC type. The'stiffener material shall not reduce the
of the FMIC type.

manufacturer and grade of.gtiffener adhesive (external bonding) in combinati
and grade of stiffener shalkbé evaluated in accordance with the Stiffener bond
rdance with 8.10.10 as applicable.

manufacturer andgrade of stiffener and stiffener adhesive (external bond

C test samples in accordance with the Stiffener bond strength test, 12.12, and

tests, 12.15,

and stiffener Tdhesive will be attached.

shall be'provided for each different base material and/or cover material to which

nic and not
c Materials —

als indicated

stiffener and
symbol and
be subject to

greater than
flammability

bn with each
strength test,

ng) shall be
le.

Flammability
the stiffener

8.10.11

When the stiffener material has been previously investigated for Stiffener Bond Strength and

Flammability classification with the established base material and cover material combinations in
accordance with 8.10.10, testing is not required to add alternate stiffener materials to an established FMIC
when the stiffener material meets the following requirements:

a) The alternate stiffener material is the same UL/ANSI type material as the FMIC stiffener

materi

al;

b) The minimum and maximum thickness of the alternate stiffener material is the same or less than
the FMIC stiffener material;

c) The same adhesive material and thickness range is used with the alternate stiffener material as
with the FMIC stiffener material; and
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d) The flammability rating of the alternate stiffener material shall be equivalent or better than the
FMIC.

8.10.12 Reference to stiffener adhesive (external bonding) materials or assembly adhesives in this
Standard shall apply to materials used to attach stiffener materials to constructions, and shall not be
considered a dielectric material.

8.10.13 Stiffener adhesive (external bonding) materials shall include, but not be limited to, epoxy, acrylic,
glue, and similar materials used to fasten constructions to stiffeners. Adhesive (external bonding)
materials shall include:

a) Industrial laminate (i.e. prepreg) materials found to comply with the Standard for Polymeric
Matetials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Matgrials Used in

Printgd Wiring Boards, UL 746E or with the Standard for Polymeric Materials -Flex
Film Materials For Use In Printed Wiring Boards and Flexible Materials Interconnect (
UL 746F;

b) Bonding film materials found to comply with the Standard for Polymeric Materia
Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in P
Boards, UL 746E or with the Standard for Polymeric Materials « Flexible Dielectric

ble Dielectric
onstructions,

s — Industrial
rinted Wiring
Film Materials

For Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions, YL 746F;

| for Tests for
Standard for
for Polymeric

c) Plastic materials found to comply with the applicable-requirements in the Standar
Flammability of Plastic Materials for Parts in Devices_and Appliances, UL 94; the
Polymeric Materials — Short Term Property Evaluations, UL 746A; and the Standard
Matefials — Long Term Property Evaluations, UL 746B; and

d) O

er adhesive materials of the fabricator's.or original equipment manufacturer's choice.

8.10.14 Stiffener adhesive material shall not-be water soluble.

8.10.15 Stiffener adhesive material shall-be identified by manufacturer and grade designatign.
8.10.16 Th

each stiffene|

b minimum and maximum thickness of stiffener adhesive (if applicable) shall bg identified for

I grade and thickness.

8.10.17 Stiffener adhesive shall be subject to identification by infrared analyses in accordgnce with the
Standard for[Polymericdviaterials — Short Term Property Evaluations, UL 746A.

9 FMIC Copstructions

9.1 General

9.1.1 All FMIC's shall be defined by category and sub-category of the construction, and entitled
accordingly.

9.1.2 FMIC's shall consist of the construction, with or without stiffener or adhesive materials. See Figure
9.1 for examples of constructions with and without stiffener and adhesive materials.


https://ulnorm.com/api/?name=UL 796F 2022.pdf

UL 796F JANUARY 27, 2022

Figure 9.1

Examples of Constructions With and Without Stiffener and Adhesive Materials

Singlelayer, single-sided (SS), Singlelayer, double-sided (DS),
with coverfilm with covercoat

—_——

Multilayer rigid flex composite

S
L
Y

N\

O
Singlelayer, single-sided (SS), S@g“relayer, double-sided (DS),
with covetfilm “With covercoat
ﬁ ¥

xO
o~

Multilayer|rigid flex composite (')\\

-

;

Where:

= Covercoat

= Conductor

= Adhesive

= Base dielectric material film
= Stiffener

= Rigid industrial laminate (i.e., FR-4, etc.)

su0243


https://ulnorm.com/api/?name=UL 796F 2022.pdf

JANUARY 27, 2022 UL 796F 39

9.1.3 The FMIC construction category shall be identified in accordance with:
a) Singlelayer (dielectrics), 9.2 or

b) Multilayer (dielectrics), 9.3.

9.1.4 Singlelayer and multilayer category constructions, depending upon construction materials build-up
and conductor material type, shall comply with one or more of the following tests:

a) Delamination test, 12.4;

b) Plating adhesion test, 12.5;

c) Bgnd strength test, 12.6;

d) Cgnductive paste adhesion test, 12.7;

e) Cqverlay test, 12.8;
f) Silyer migration test, 12.13; and

g) Flammability tests, 12.15.

9.1.5 The HMIC construction sub-category shall be identified imaccordance with:
a) Flexible, 9.6;
b) Flgx-to-install, 9.7; or
¢) Rigid, 9.8.

9.1.6 Multilayer FMIC constructions with integrated multiple sub-category or category consjructions shall
be identified jn accordance with Multilayer rigid flex composite, 9.9.

9.1.7 FMI(Cs intended for flammability classification only shall be identified in accordance wjth 9.1.3

9.1.8 The HMIC shall be entitled in accordance with Glossary of construction and FMIC title§, 9.11.

9.1.9 The gonstruction-category and sub-category is independent of the application and ghall not differ
due to the agplication of stiffener or adhesive materials.

9.1.10 Each~EMIC identified by the markings required in Direct support requirements (DSR), 13.8 for
direct support current carrying parts at 720 Vrms or less and 15 A or less, shall have all materials when
used as a dielectric barrier and/or substrate for conductors be evaluated to the requirements for direct
support of live parts. See Direct support requirements (DSR) tests, 12.16.

Exception: If the FMIC type is evaluated for flammability classification only without consideration of an
MOT, the materials and applicable material components need not possess direct support performance
properties.

9.2 Singlelayer (dielectrics)

9.2.1 Singlelayer constructions shall consist of base material and/or adhesive with conductor material(s)
on one side, or both opposing sides. The base material shall consist of any number of layers of base
dielectric material and adhesive (if applicable), and no more than two conductor planes. See Figure 9.2 for
examples of singlelayer (dielectric) constructions.
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Exception: A copper foil core with cover material on one or both sides of the conductor material shall be
considered a singlelayer construction. The cover material in this construction is considered a base
material and shall be evaluated as Base materials, 8.3.

Figure 9.2

Examples of Singlelayer (Dielectric) Constructions

Singlelayer, single-sided (SS),
without coverlay

Singlelayer, double-sided (DS),
without coverlay

Si

hglelayer, single-sided (SS),
thout coverlay (i.e., coverfilm)

Singlelayer, double-sided (DS),
without coverlay (i.e., coverfilm)

LVa Wl

comply with

Fra\ Wl
I “F |
| I I
Singlelayer (i.e., adhesiveless) —
dquble-sided (DS),with coverfilm
Singlelayer(i.e., adhesiveless),
‘ ‘ double=sided (DS), with covercoat
:_ I :
I | = I ‘j
Where:
= Covercoat
] | = Conductor
= Adhesive
= = Base dielectric material film
sy0242
9.2.2 In addition to the constfuction category requirements, a singlelayer construction shal
the applicabl¢ construction ‘sub-category requirements described in Flexible, 9.6; Flex-to-install, 9.7; or
Rigid, 9.8.

9.2.3 Specilic combination of material grades or constructions representing the board prog

up shall be pn

pvided for investigation, unless otherwise indicated.

uction build-

9.2.4 A double-sided construction is to be considered representative of a singlesided construction with
the same base material, conductor material, parameter profile indices, and cover material and adhesive if
used in the fabricated construction.

Exception: For purposes of flammability classification and electrical indexing, a double-sided construction
is not considered representative of an identical single-sided construction, and a single-sided construction
is not considered representative of a double-sided construction.

9.2.5 The conductor pattern shall be included on both of sides of test samples if double-sided
constructions are intended for production.

9.2.6 The conductor pattern shall include contacts, if contacts are intended in production.
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9.2.7 A double-sided construction shall be provided with through-holes, if through-holes are intended in
production.

9.3 Multilayer (dielectrics)

9.3.1 Multilayer flexible constructions shall consist of three or more conductor planes, and shall consist
of base materials with conductor materials on one or two sides, laminated or bonded together with
additional base materials with conductor materials on one or two sides. See Figure 9.3 for examples of
multilayer (dielectric) constructions.
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Figure 9.3

Examples of Multilayer (Dielectric) Constructions

Various multilayer interconnect constructions (pre-lamination) with 3 conductor planes:

= Covercoat
= Conductor
= Conductive paste

| | = Adhesive

s = Base dielectric material, film
su0241
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9.3.2 In addition to the construction category requirements, a multilayer construction shall comply with
the applicable construction sub-category requirements in Flexible, 9.6; Flex-to-install, 9.7; Rigid, 9.8; and
Multilayer rigid-flex composite, 9.9.

9.3.3 The conductor pattern shall be included on internal and both external sides of a sample with good
layer registration, if multilayer constructions are intended for production. The internal conductor pattern
shall be a mirror image of the external conductor pattern.

9.3.4 Each combination of materials or constructions shall be provided for each type and grade of
material, unless otherwise indicated. A representative multilayer construction shall include film, adhesive,
base material, conductor, bonding film, cover material, dielectric material, laminate, prepreg, and other
applicable insulation and conductor material

er of internal

9.3.5 A ref
patterned cq
construction

9.3.6 Arep
maximum we
metal weight
Bond Streng
maximum in
second set 0
construction

Exception: Ti
be considere

9.3.7 Intern
identical bas|
etc.). Additio
cover materi

Exception: In
unless an e
determine cd

9.4 Dissimilar dielectric materials evaluation

resentative multilayer construction shall include two or the minimum numb
nductor layers, whichever is greater. See 9.9.12 for representative imultila
requirements.

Fesentative multilayer construction shall include one internal patterned conduct
ight used in production for bond strength and delamination samples. If the max|
cannot be accommodated by the minimum multilayer construction build up, a

ernal metal weight that can be accommodated by. the minimum multilayer
f Bond Strength and Delamination test samples shall contain the minimum mult

psting of the four conductor layer construetion and double-sided singlelayer con
d representative of the three conductoriayer construction.

nixing of base material, bonding film, laminate, and prepreg materials is limited

nally, intermixing of base mateérial, bonding film, laminate, prepreg, and cover m
bl is used as a dielectric batrier, is limited to generically identical materials.

termixing of base¢ dielectric materials that are not generically identical shall nof
aluation is conducted in accordance with Dissimilar Dielectric Materials Evaly
mpatibility of the dissimilar materials.

9.4.1 Intern

yer rigid-flex

r layer of the
mum internal
second set of

h and Delamination test samples shall be provided. The first set of samples shall contain the

build-up. The
ayer build up

that can accommodate the maximum internal metal weight to be used in productjon.

struction shall

to generically

e dielectric materials (i.e., same generic film types, same generic dielectric materials types,

aterial, where

be employed
ation, 9.4, to

hixing of dissimilar dielectric materials. shall comply with the following tests:

a) Dissimilar Dielectric Materials Thermal Cycling test, 12.14 and

b) Flammability test, 12.15.

9.4.2 The direct support, CTI, flammability, and RTI ratings of each individual material shall be
considered at the desired minimum build-up thickness of the multilayer FMIC.

9.4.3 Each individual material, in the combination of dissimilar materials, shall have been previously
evaluated for performance profile indexing values and RTI's in accordance with the Standard for Polymeric
Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed
Wiring Boards, UL 746E, or the Standard for Polymeric Materials — Flexible Dielectric Film Materials For
Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F.
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9.4.4 The combination of generically dissimilar dielectric materials shall be assigned a flammability rating
that does not exceed the flammability rating of the lowest rated dielectric material.

9.4.5 The combination of generically dissimilar dielectric materials shall be assigned an MOT rating that
does not exceed the electrical and mechanical RTI of the lowest rated material.

9.4.6 The combination of generically dissimilar dielectric materials shall be assigned performance index
values that do not exceed the lowest rated material. If higher performance profile indexing values are
requested, the appropriate performance profile tests shall be conducted. The build-up construction(s) shall
be limited to the construction tested, and the outer surface base dielectric material shall be defined.

9.5 Mass laminate-multilayer(dielesctrics)

9.5.1 A multilayer construction shall be considered representative of an identicalymalss-laminated
prefabricated| package construction with a representative conductor pattern, jf thé malss-laminated
prefabricated|package construction has:

a) Thg same base material;
b) Conductor;

¢) Bonding film, cover material, dielectric material, laminate;prepreg, and other insulatjon material;
d) Maferial thickness;

e) Parpmeter profile indices; and

f) A prpduction process which is considered equal to or less severe than the multilayer construction
produgtion process.

9.5.2 A mulfilayer build-up construction.is not considered representative of a singlelayer [construction,
and a singlelayer construction is not .cansidered representative of a multilayer constructipn or mass-
laminated prgfabricated package construction.

9.6 Flexible

9.6.1 Flexible (sub-categery) constructions are intended for use in dynamic and repgated flexing
application.

Note — The ultirhate, dynamic capacity or endurance of the flexible construction has not been established via the test program
detailed in this Sfandard.

9.6.2 Flexible (sub-category) constructions shall include the following construction categories and
characteristics:

a) Singlelayer (dielectric), single-sided and double-sided;
b) Multilayer (dielectric); and

c) Multilayer mass-laminated prefabricated package.

9.6.3 Flexible (sub-category) constructions shall be entitled in accordance with Glossary of construction
and FMIC titles, 9.11.

9.6.4 A singlelayer flexible (sub-category) construction shall comply with Singlelayer (dielectrics), 9.2.
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9.6.5 A multilayer flexible (sub-category) construction shall comply with Multilayer (dielectrics), 9.3.

9.6.6

In addition to the singlelayer or multilayer (category) construction requirements described in 9.6.4

and 9.6.5, a flexible (sub-category) interconnect construction shall comply with the following tests:

a) (Ambient) bend test, 12.9;

b) Cold-bend test, 12.10; and

c) Repeated flexing test, 12.11.

9.7 Flex-to

-install

9.7.1 Flex-
construction

Note — The ultin
program detaile

9.7.2 Flex-
characteristi

a) Si

o-install (sub-category) constructions are intended for use in application
Wwill be bent for installation or servicing.

ate bend capacity or endurance of the flex-to-install sub-category construction has-nét’been establ
 in this Standard.

o-install (sub-category) constructions shall include ¢ the following cat
S:
nglelayer (dielectric), single-sided and double-sided:;

b) M

c) M

9.7.3 Flex-
construction

9.74 A sin
9.2.

9.75 Amu

9.76 Inad
or 9.7.5, aflg

a) (A

!

Itilayer (dielectric); and

Itilayer mass-laminated prefabricated package.

o-install (sub-category) constructions shall be entitled in accordance with
and FMIC titles, 9.11.

plelayer flex-to-install (sub-gategory) construction shall comply with Singlelaye

tilayer flex-to-install\(sub-category) construction shall comply with Multilayer (dig

Jition to the.singlelayer or multilayer (category) construction requirements desg
x-to-install(sub-category) construction shall comply with the following tests:

mbient)bend test, 12.9; and

5 where the

shed via the test

egories  and

Glossary of

[ (dielectrics),

lectrics), 9.3.

ribed in 9.7.4

b) Cd

ld-bhand tast 12 10
-8 et8St—1=1o-

9.8 Rigid

9.8.1
bending due

to the thickness or characteristics of the flexible materials in the construction.

Rigid (sub-category) constructions are intended for use in applications not subject to flexing or

9.8.2 Rigid (sub-category) constructions shall include the following construction categories and
characteristics:

a) Singlelayer (dielectric), single-sided and double-sided;

b) Multilayer (dielectric); and

¢) Multilayer mass-laminated prefabricated package.
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9.8.3 A singlelayer rigid (sub-category) construction shall comply with Singlelayer (dielectrics), 9.2.
9.8.4 A multilayer rigid (sub-category) construction shall comply with Multilayer (dielectrics), 9.3.
9.8.5 Flexing and bending tests shall not be conducted for rigid (sub-category) constructions.

9.9 Multilayer rigid flex composite

9.9.1 Multilayer rigid flex composite constructions are intended for use in applications requiring flexible,
flex-to-install, and rigid (sub-category) constructions, and/or integral combinations of category and sub-
category constructions. See Figure 9.4 and Figure 9.5 for examples of multilayer rigid flex composite
constructions
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Figure 9.4

Examples of Multilayer Rigid Flex Composite Constructions (Pre Lamination)
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Where oL
= Solder resist
= Covercoat
= Conductor
= Conductive paste
02 [ I = Adhesive
E===============3 :Pre_preg
0\/ | = Film
= Rigid industrial laminate (ie FR-4 etc) |
OO i = Stiffener material
A = Fillet material
su0240

and:

E = metal-clad base film (base material)

e = adhesiveless metal-clad base film

(base material)

‘ ' =bond ply (supported)

= bond ply (unsupported)

= coverlay

S5079A
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Figure 9.5
Example of a Multilayer Rigid Flex Composite Construction (Post Lamination)
AN ! ‘lulululululululululululululululululummwwwmwwumwwmmmmmmmwwwwﬂ
Where:

su0239

9%
= Solder resist q/
>

e e = Covercoat Q
O

D

= Conductive paSQ/

= Adhesive O‘\
= Pre-pr®<<

= Fi

o= R?&ld industrial laminate (i.e., FR
||||||||||||||||||||||||||||||||||\‘93tiffenermateria|

— I _— = Conductor

A\Q = Fillet material
and: \.O
N~

= Metal-clad base film (base mate

s =Bond ply (supported)

* = Adhesiveless metal-clad base film
Q& (base material)

-4, etc.)

rial)

[(—— =Coverlay
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9.9.2 Multilayer rigid flex composite constructions shall include an integral electrical connection between
flexible, flex-to-install, and rigid (sub-category) construction or rigid printed wiring boards, separated by
dielectric material.

9.9.3 Multilayer rigid flex composite constructions shall include the following construction categories and
characteristics:

a) Rigid printed wiring boards with integral interconnection to:

1) Singlelayer flex, flex-to-install, and rigid (sub-category) construction; and

2) Multilayer flex, flex-to-install, and rigid (sub-category) construction;

b) Ri

c) W

9.9.4 Each
applicable cg

Exception: If
sub-category
conductor m
construction
composite F

9.9.5 Then
A, B, and C)
rigid (sub-ca
constructions

pid (sub-category) constructions with integral interconnection to:
1) Singlelayer flex, flex-to-install, and rigid (sub-category) construction’; and
2) Multilayer flex, flex-to-install, and rigid (sub-category) construction; and

th and without reinforcement.

sub-section of a multilayer rigid flex composite construction shall be subject
nstruction category and sub-category.

the construction has been subject to the applicable tests for the appropriate

and the tested construction is produced_with the same film, adhesive, b
bterial, bonding film, cover material, dielectric material, and insulation material,
shall not be repeated for use of the construction as a sub-section of a multil
MIC.

nultilayer rigid flex composite construction in Figure 9.6 is divided into three sub-
The category and subcategory of each sub-section is defined. Sub-section A is

egory) construction, sub<sections B and C could be flex, flex-to-install, or rigid (
depending upon the intended application.

Figure 9.6

Sub-Sections of a Multilayer Rigid Flex Composite Construction

o test for the

category and
ase material,
testing of the
hyer rigid flex

sections (i.e.,
considered a
Eub-category)
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9.9.6 The materials used to produce a multilayer rigid flex composite construction shall comply with
Materials, Section 8.

9.9.7 A singlelayer portion of a multilayer rigid flex composite construction shall comply with Singlelayer
(dielectrics), 9.2.

9.9.8 A multilayer portion of a multilayer rigid flex composite construction shall comply with Multilayer
(dielectrics), 9.3.

9.9.9 A flexible (sub-category) construction portion of a multilayer rigid flex composite construction shall
comply with Flexible, 9.6.

9.9.10 A flex-to-install (sub-category) construction portion of a multilayer rigid~flex composite
construction ghall comply with Flex-to-install, 9.7.

9.9.11 A rig|d (sub-category) construction portion of a multilayer rigid flex composite consfruction shall
comply with Rigid, 9.8.

9.9.12 A representative rigid-flex multilayer construction shall include two or the minimufn number of
internal pattefned conductor layers, whichever is greater, in both the rigid portion and the flex portion of the
FMIC construction.

9.10 Flammnability classification only

9.10.1 FMIQ's intended for flammability classification~only are subject to limited evaluatjon; and are
intended for yse where the mechanical and electrical\capacity or endurance of the base matgrials used to
fabricate the |FMIC is not of concern and only the’flammability classification of the resulting FMIC is of
concern in th¢ end-use product.

9.10.2 FMIQ's intended for flammabilityclassification only shall include the following categpory and sub-
category congtructions, and characteristics:

a) Singlelayer and multilayer construction categories;
b) Flex, flex-to-install, and rigid construction sub-categories;

c) Mujtilayer rigid-flex composite;

9.10.3 A sirlglelayer FMIC intended for flammability classification only shall be evaluated iy accordance
with Singlelayer (dielectrics), 9.2.

9.10.4 A multilayer FMIC intended for flammability classification only shall be evaluated in accordance
with Multilayer (dielectrics), 9.3.

9.10.5 An FMIC intended for flammability classification only shall comply with Flammability tests, 12.15.

9.10.6 An FMIC intended for flammability classification only shall be identified in accordance with 9.1.3,
and entitled in accordance with Glossary of construction and FMIC titles, 9.11.

9.11 Glossary of construction and FMIC titles

9.11.1 For purposes of reflecting the construction build-up and intended application of the FMIC, the
following FMIC titles in 9.11.2 — 9.11.4 shall apply to the applicable category and sub-category
constructions.
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9.11.2

9.11.3

9.11.4

9.11.5

9.11.6

Singlelayer (dielectric) construction titles shall include:
a) Singlelayer flexible FMIC;
b) Singlelayer flex-to-install FMIC; and

c) Singlelayer rigid FMIC.

Multilayer (dielectric) construction titles shall include:
a) Multilayer flexible FMIC;

b) Multilayer flex-to-install FMIC;

c) Mudltilayer rigid FMIC;
d) Mdiltilayer rigid flex composite FMIC; and

e) Mass-laminated prefabricated package FMIC; see 9.11.4.

Multjlayer mass-laminated prefabricated package construction titles shall include:
a) Flexible mass-laminated prefabricated package FMIC;
b) Flgx-to-install mass-laminated prefabricated package FMIC;
¢) Rigid mass-laminated prefabricated package FMIC; and

d) Mdiltilayer rigid flex composite mass-laminated prefabricated package FMIC.

FMIC's intended for flammability classification only shall be identified by one of the fg

a) Singlelayer FMIC with flammability classification only;

Itilayer FMIC with flammability classification only.

c) Muitilayer rigid flex composite FMIC with flammability classification only; and

d)
classification onty.

FMIC titles are determined by the following procedure:

llowing titles:

ultilayer rigidyflex composite mass-laminated prefabricated package FMIC with flammability

a) |dentify-the-eer i rin-aeeerdanee o
(dielectrics), 9.3; then

b) Identify the construction sub-category in accordance with Flexible, 9.6; Flex-to-inst
9.8; Multilayer rigid flex composite, 9.9, or Flammability classification only, 9.10; then

=2 or Multilayer

all, 9.7; Rigid,

c) Combine the construction category and sub-category identified in (a) and (b), in accordance

with 9.11.2 or 9.11.3.

9.11.7 FMIC titles for mass-laminated prefabricated package constructions shall be identified and
entitled in accordance with 9.11.6, yet the title shall be followed with the identification of mass-laminated
prefabricated package in accordance with 9.11.4.
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10 Processes

10.1

10.1.1

General

category of FMIC construction.

Samples shall be provided for each production process used to fabricate each category and sub-

10.1.2 The process used to fabricate test samples shall reflect the most severe production practices,
including the highest temperatures, longest dwell times, highest pressures, and exposure to the maximum
number of cycles or repeated steps associated with the production process for the FMIC.

10.1.3 A pr
fabricate the
the less seve

10.1.4 The
when etching
the applicablg

10.2 Proce

10.2.1 The
to fabricate th

10.2.2 The
highest temp

Jdubt;ull PIULTOO bUIID;chUd IMUIc STVvoItc thall all d:tclllatc pludubtiull PITUU
same category or sub-category of FMIC construction, shall be considered frepr
e production process.

brocess of forming conductors shall result in smooth edges, without excessive
, and the conductors shall have dimensions not less than represented by the c
test samples. Undercutting shall not be greater than the conductor thickness.

5s description

ess, used to
psentative of

undercutting
bnductors on

brocess description shall be a chronological description reflecting production pfactices used

e FMIC.

process description shall reflect the severity of the production processes
bratures, longest dwell times, highest pressures, and exposure to the maximu

cycles or repgated steps associated with the produgtion process used to fabricate the FMIC.

10.2.3 The

10.2.4 The

process description shall reflectthe process used to produce the samples submi

process description shall identify any etching, plating, laminating, bonding, bz

panelizing, and addition of permanent materials (e.g., adhesive, stiffener, coatings, platings

etc.) to the FN

10.2.5 The
adhesive and

NIC construction during the production process.

ncluding the
M number of

ted for test.

king, curing,
conductors,

brocess description shall include the production process steps required for the addition of all

stiffener materials to FMIC's.

10.3 Variations inprocesses

10.3.1

A change In the production process shall be considered a variation In the production process.

10.3.2 Any increase in a temperature, time, pressure, or added feature or characteristic of a production
process step used to fabricate an FMIC shall be identified in the process description.

10.3.3 If anincrease in a temperature, time, pressure, or exposure to the maximum number of cycles of
a production process step exceeds the value stated in the established process description, the resulting
process description shall be considered more severe than the process description of the production
process prior to the variation.

10.3.4 If differences in temperature, time, or pressure are not involved in the variation in the production
process step (e.g. change in nomenclature printing method, changing from silk screening to photographic
methods, etc.) used to fabricate an FMIC, additional testing for the production process change or variation
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shall not be required. The production process change or variation shall be identified in the process

description, i

f the process step is included in the process description.

10.3.5 Chromic/sulfuric etchant shall be considered representative of all etchants. Any other acidic or
alkaline etchant shall be considered representative of all etchants except chromic/sulfuric.

10.3.6 A retest is necessary for any one or more of the following or similar variations in the production
process from the process description:

a) A change in any production process if the temperature on the surface of the FMIC exceeds
100 °C (212 °F) or the MOT of the FMIC type, whichever is greater.

b) Agfdition of conductor plugged, filled, or plated through-holes not previously jidentified in the

process description.

c) Addition of permanent materials (i.e., film, adhesive, stiffener, coating, conductor

not p
d) An

10.3.7 Are
identified in t

Addit

regar
descr

11
11.1 Genel
11.1.1 FMI

with the esta
end-product

parameter profile indices.

11.1.2 The
mechanical,

Parameter Profile Indices

eviously identified in the process description.

increase in the laminating pressure and/or number of laminating cycles.

test is not necessary for any one or more of the followingor similar variations,
he process description:

on of metallic plating including immersion silver,“(see 8.4.25 for additional
ing silver materials), on conductor material)"not previously identified in
ption.

al

C's, constructions, and the.material components therein have been evaluated i
blished test procedures te-define their properties, in order to facilitate evaluation
applications. The resulting values for the properties investigated shall be refe

parameter«.profile indices for an FMIC type shall consist of the applicq
electrical,;vand thermal ratings, classifications, indices, and measured values e

the construc
an FMIC typ

ion or'‘cembination of materials used to fabricate the FMIC. The parameter prof
shalllinclude, but not be limited to:

material, etc.)

but should be

requirements
the process

N accordance
of their use in
red to as the

ble physical,
stablished for
ile indices for

a) Minimum and maximum material component thickness;

b) Minimum build-up thickness;

c) Mi

nimum mid-board conductor width;

d) Minimum edge conductor width;

€) Minimum and maximum conductor thickness (or weight);

f) Maximum area conductor diameter;

g) Nu
h) Sol

mber of conductor planes (i.e., single-sided, double-sided, multilayer);

der limits;
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i) MOT:

j) UL 94 flammability classification; and

k) Comparative tracking index (CTI).

11.1.3 Deviations in a parameter profile index shall not extend beyond the limit established, or the
deviation shall be subject to investigation.

11.1.4 Performance level category (PLC) ratings are used to avoid an excessive level of implied
precision and bias. The resultant value for several electrical tests are recorded as PLC, based on the
mean test results (rather than recording the exact numerical results). PLC values are indicated in the

specific test n

11.1.5 The
individual corf
of materials, i

11.2 Maximum operating temperature (MOT)

11.2.1
FMIC may be

11.2.2 The
evaluation o
conditioning.

The FMIC co|
The physical
two months g
depending uq
and in some
construction.

11.2.3 Each
service envir
required testg
methods. Seq

Exception: If

The maximum operating temperature (MOT) is the maximum. continuous use temper

hethods.

performance profile index values of the FMIC type shall be limited (to-the
nponent indexing values for the dielectric materials in the constructiof/for each
hcluding each applicable material component.

exposed to under normal operating conditions.

MOT is a temperature value determined by analyses of physical property data g

hstruction is conditioned at a temperature(s) reflecting the anticipated service
property is measured or visuallydnspected following short-term thermal conditig
r less. The measurement and visual inspection results are compared to establi
on but not limited to the test; test sample(s), property evaluated, conditioning
cases anticipated service conditions. If the criteria are met, the MOT is granted

FMIC type shall;have an MOT, specified by the FMIC fabricator reflecting the
bnment, if applicable. The MOT will be used for conditioning samples as ind

Table 11)1.

an_FMIC is intended for flammability classification only, the acceptability of th

lowest rated
combination

hture that the

btained from

a metal-clad polymeric material, construction, or FMIC following short-term thermal

Bnvironment.
ning, usually
shed criteria,
temperature,
to the FMIC

end product
cated in the

. The conditioning temperature reflecting the MOT is incorporated into the applicable test

e FMIC shall

involve only fi

ammabillity tests and an MO I shall not be granted.

Table 11.1
Tests Incorporating the MOT
Test Section
Delamination test 124
Bond strength test 12.6
Conductive paste adhesion test 12.7
(Ambient) bend test 12.9
Stiffener bond strength test 12.12
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11.2.4 The MOT of the FMIC type shall not exceed either the mechanical or electrical relative
temperature index RTI of the film, base material, bonding film, coverfilm, dielectric material, or other
insulation material when used as a dielectric barrier between conductor planes.

11.3 Flammability classification

11.3.1

Each FMIC type shall have a flammability classification.

11.3.2 The flammability classifications of FMIC types shall be determined in accordance with the
Standard for Test for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94.

11.3.3 The hiclalbhy of ﬂallllllab;“ty ctassifications-statt-beconsidered-from hiyhcat totowegst as follows:
V-0, V-1, V-2| HB.

11.3.4 The|hierarchy of alternate flammability classifications shall be considered’from highest to lowest
as follows: V[TM-0, VTM-1, VTM-2.

11.4 Asser

11.4.1
the anticipat
soldering prq
stress test.

Exception: H
FMIC propen

11.4.2 The
thermal stres

11.4.3 FMI
260 °C profi
multiple sold

the FMIC fabricator can specify the 245 °C or 230 °C profile for testing. If a lower number

being used ir

1144 |If sp
purchase org

Ass¢mbly soldering process (solder limits) are profile(s), temperature(s) and time(s

nbly soldering process — solder limits

pd printed wiring board production assembly process(és). The acceptability of
cess is determined by analyses of the FMIC physical property data followin

and soldering processes do not require thermal stress conditioning before inves
fies.

FMIC maximum surface temperature during the assembly soldering process d
s test peak temperature.

Cs for use with reflow @ssembly processes shall be thermally stressed usin
e with thermal stress conditions of 260 °C peak temperature and six (6) cycles
ering processes and-potential rework. If a low temperature profile is being used

assembly, the FMIC fabricator can specify three (3) cycles instead of six (6) cyd

ecial/unique thermal stress reflow conditions are defined by FMIC fabricator
er, the-following parameters are needed: ramp rate (R1), cooling rate (C1), pea

(T2), dwell tirlne (t2) and the number of cycles (X).

representing
the assembly
j the thermal

figation of the

etermines the

g the default
to represent
in assembly,
of cycles are

les.

br OEM/ODM
temperature

11.4.5 FMICs for use with wave soldering and/or selective soldering assembly processes shall be
thermally stressed using conditions specified by the FMIC fabricator: the maximum temperature,
maximum time, and maximum cycles. Unless specified otherwise by the FMIC fabricator, the default
standardized conditions described in 11.4.3 for reflow assembly shall represent wave soldering and/or
selective soldering processes.

11.4.6  When required, a removable solder resist or solder mask can be applied so that solder does not
adhere. The removable solder resist or solder mask shall be removed from the samples before testing.

11.4.7 A retest shall be required when the FMIC Assembly Soldering Process parameters are increased
above the existing assembly profile temperature, time and/or cycles.
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11.4.8 Assembly Soldering Process parameters are used for thermal stress conditioning samples in the

tests listed in

Table 11.2.

Table 11.2
Assembly Soldering Process Test Methods

Test Section
Thermal stress test 12.3
Delamination test 124
Bond strength test 12.6
Conductive paste adhesion test 12.7
(Ambient) bend test 12.9
Stiffener bond dtrength test 12.12
Flammability tepts 12.15

11.5 Thickn
11.5.1  Thick

11.5.2 The
possible. A th

11.5.3 The measured build-up thickness of an FMIC shall include film, adhesive, base matg

film, cover n
conductor m3g

11.5.4 The
components
prepreg, and
of the FMIC.

11.5.5 Minin
production.

11.5.6 Maxi

for productior.

ess
ness shall be physically measured and calculated for a build-up of material.

hickness of each material component in an FMIC shall be identified, and me
ickness tolerance for each material component innan FMIC shall be identified wh

haterial, dielectric material, laminate, prepreg, and other insulation materig
terial resides on the inner or outer surfaces of the FMIC.

calculated build-up thickness ef.an FMIC shall be a summation thickness of

hsured when
en known.

rial, bonding
I, where no

the material

i.e., film, adhesive, base material, bonding film, cover material, dielectric materjial, laminate,

pther insulation material),.where no conductor material resides on the inner or o

hum thickness and minimum build-up thickness shall be of the thinnest thicknesg

mum thickhess and maximum build-up thickness shall be of the thickest thickn

11.6 Condu

11.6.1

iter surfaces

intended for

Ess intended

ictor weight

identified for conductor material on an FMIC.

11.7 Conductor width

11.7.1

The minimum and maximum conductor weight (or thickness) intended in production shall be

The minimum (external-surface) conductor width intended in production shall be identified and

provided on samples for conductor material on an FMIC.A mid-board and edge conductor minimum width
shall be established for each FMIC type.

Exception: If an FMIC is intended for flammability classification only, the acceptability of the FMIC shall
involve only flammability tests and minimum mid-board and edge conductor widths shall not be required.
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11.8 Maximum area conductor diameter

11.8.1 The maximum area conductor diameter of any conductor pattern on an FMIC is determined by the
largest circle that can be inscribed within the unpierced conductor pattern.

11.8.2 The introduction of very small conductor or plating voids in a large conductor area, for the sole
purpose of reducing the maximum conductor area diameter, does not constitute a pierced conductor area
and the maximum area conductor diameter shall be determined accordingly.

11.9 Direct support requirements (DSR)

11.9.1 An
carrying pa
dielectric m

at 120 V rms and 15 A or less shall have the film, base_material, bonding fil
erial, or build-up construction when used as a dielectric barrier betwegn con

complying with the parameter profile indices in Table 11.3.

prt of current-
m, cover film,
juctor planes

11.9.2 An HFMIC intended for direct support of current carrying parts shall havé‘an acceptaple maximum
operating temperature (MOT) rating for the end use product application.

Exception: The FMIC direct support testing can be waived if each(individual material inj the build-up
construction| used as a dielectric barrier and/or substrate for condctors, has previously bgen evaluated
for each performance test in Table 11.3 and complies with the requifements.

Table 113
Direct Support Requirements(DSR) of Dielectric Materials

V-0, V-1, V-2, HB, VTM-0,

Tdst? Units or PLC VTM-1, VTM-2 Thicknes$ (inches)®
High current afc ignition Max PLC 3 Actual®
Hot wire ignitign Max REC 4 Actual®
Volume resistiyity-dry Min‘chm-cm 50 1/)6¢
Volume resistiyity-wet x108 10 1/]64
Dielectric strer{gth-dry kv 6.89 1/j64
Dielectric strerjgth-wet per mm 6.89 1/]64
Comparative tfacking index Max PLC 4 148¢
Heat deflectior] Degrees C e 148¢

el a
1ISOaSear

@ Testing is to e as'described in the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A|

b Test sample thiel

(194 °F) min.

el 1
HREEX-vart

9 Test sample representative of all thickness.
¢ Not required for thermosets and films; for thermoplastics, at least 10 °C (18 °F) above maximum temperature, with 90 °C

¢ Actual thickness or minimum thickness or material being considered.
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PERFORMANCE
12 Tests
12.1 General

12.1.1 Tests

12.1.1.1 The tests described in 12.3 — 12.13 are intended to determine the acceptability of film,
adhesive, base material, conductor, bonding film, cover material, dielectric material, laminate, prepreg,
stiffener, and other insulation materials, in combination as a representative construction, and characterize

the FMIC for theintended-end-use app“uatiw T

12.1.1.2 Th
in the Standa
UL 94 flamm
12.15.

12.1.1.3 Th
in the Stand
indexing tes
established i
For Use In H
Standard for
Materials Us
acceptability
tests, 12.16.

12114 FM

material in th¢ FMIC, unless otherwise indicated.

12115 Ea
test program,

121.1.6 |Ift

}d for Tests for Polymeric Materials — Short Term Property Evaluations, UL 74

b test methods for the determination of the flammability classification of EMIC's 2
rd for Tests for Flammability of Plastic Materials for Parts in Devices and Applia
ability test samples for FMIC's shall be established in accordance with Flamn

b test methods for the determination of the electrical indexingwalues of FMIC's &
sample configurations for materials to be used-it(the production of FMI
accordance with the Standard for Polymeric Materials — Flexible Dielectric F

rinted Wiring Boards and Flexible Materials Interconnect Constructions, UL

Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanizg
bd in Printed Wiring Boards, UL 746E. The electrical indexing tests needed

IC test samples shall be providedfor each different manufacturer and each diffe

unless otherwise indicated.

ne applicable, film, adhesive, base material, conductor material, bonding film, cg

dielectric ma
construction
requirements
For Use In
Standard for

rial, laminate, prepreg, and other insulation material in the minimum build-up
nd maximum build-up construction have already been evaluated to the aq
in accardance with the Standard for Polymeric Materials — Flexible Dielectric H
rinted*Wiring Boards and Flexible Materials Interconnect Constructions, UL

re described
nces, UL 94.
nability tests,

re described
bA. Electrical
C's shall be
Im Materials
746F, or the
d Fibre, and
to establish

of FMIC's for direct support requirements*are listed in Direct support requirements (DSR)

rent grade of

ch combination of materials intended for use in the FMIC shall be subject to the applicable

ver material,
interconnect
plicable test
ilm Materials
746F, or the

olymeric Materials — Industrial Laminates. Filament Wound Tubing. Vulcanizd

d Fibre, and

Materials Used in Printed Wiring Boards, UL 746E, for the applicable FMIC in accordance with this
Standard, and if the same materials combination is used within the parameter profile indices established
by testing in accordance with UL 746E, then the (Ambient) bend test, 12.9; Cold-bend test, 12.10; and
Repeated flexing test, 12.11; need not be conducted and only the Bond strength test, 12.6; Coverlay test,
12.8; and Flammability tests, 12.15 in the minimum build-up construction shall be conducted for the FMIC

type.

12.1.2 Applicable documents

12.1.2.1 ASTM D 5374 - Standard Test Methods for Forced-Convection Laboratory Ovens for
Evaluation of Electrical Insulation.

Exception: Compliance with the thermal lag time criteria outlined in ASTM D 5374 is not required;
therefore, it is not necessary to conduct the procedures to determine thermal lag time.
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12.1.2.2 ASTM D 5423 — Standard Specification for Forced-Convection Laboratory Ovens for Evaluation
of Electrical Insulation.

Exception: Compliance with the maximum allowable thermal lag time of 660 seconds for an oven
operating at 200 5 °C is not required, since the maximum allowable thermal lag time exceeds, in orders of
magnitude, the maximum allowable thermal lag time criteria.

12.1.3 Samples

12.1.3.1 General

12.1.3.1.1 '.;amp:co stratbe—tested—without—imbedded—or—attached components; streh—3s capacitors,
resistors, or integrated circuits.

12.1.3.1.2 FMIC test samples fabricated from the representative production processes shajl be provided
in the minimym and maximum construction build-up thickness, as specified in the'applicable {est method.

12.1.3.1.3 The sample thickness shall be measured and tested in accordance with ASTM 00 374, Method
A or C. The dleviation from the sample thickness shall be within the allowable range or tolergnce specified
in Table 12.1

Table 12.1
Sample Thickness Tolerance

Material nominal thickness Thickness tolerance
mm (in) mm (in)

Less thin 0.025 Less than (0.001) +0.005 1 (0.002)

0.025}0.074 (0.001 - 0.003) +0.008 +(0.p003)

0.075} 0.099 (0.003 - 0.004) +0.01 +(0.p004)

0.10}0.19 (0.004 +0.007) +0.02 +(0.p008)

0.20}0.37 (0.008 —0.014) +0.03 +(0]001)

0.38}0.62 (0.015—-0.024) +0.05 +(0{002)

0.63}1.59 (0.025-0.061) +0.08 +(0]003)

160254 (0.062 —0.100) +0.10 +(0{004)

Greater than 2.55 Greater than (0.100) +0.13 + (0/005)
NOTE: The mgasuted'minimum build-up thickness and minimum film thickness shall not be less than the minimum|calculated

thickness, whgniemploying the tolerance.

12.1.3.1.4 The minimum and maximum individual material component thickness shall be determined
from the measured average material thickness and shall compare to the calculated minimum and
maximum material thickness, when employing the tolerance.

12.1.3.1.5 The minimum and maximum construction build-up thickness shall be determined from the
measured average minimum and maximum thickness, and shall compare to the calculated minimum and
maximum build-up thickness, respectively when employing the tolerance shown in Table 12.1. The
minimum and maximum build-up thickness tolerance should be as shown in Table 12.1 and should not be
the sum of tolerance of individual sheet.

12.1.3.1.6 In addition to the sample specifications for the particular test methods described in 12.4 —
12.11, the following sample specifications in Singlelayer, 12.1.3.2, and Multilayer, 12.1.3.3, shall apply.
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12.1.3.1.7 Occasionally, a production sample shall be tested. When a production sample is tested in lieu
of the representative samples, the FMIC type shall be limited by the production board construction tested
including but not limited to materials, material thickness, build-up thickness, conductor line widths, and
conductor weights.

12.1.3.2 Singlelayer
12.1.3.2.1 Each combination of material components or constructions shall be provided for test, except

as indicated or described in Materials, Section 8; FMIC Constructions, Section 9; Processes, Section 10;
and Parameter Profile Indices, Section 11; or, the Standard for Polymeric Materials — Industrial Laminates,

Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E.

12.1.3.2.2 R
minimum bui

epresentative singlelayer construction samples shall be provided. The' g
d-up construction shall include but not be limited to the thinnest individualAfil

base materigdl, and conductors, and shall be the thinnest production construction having

patterned cor

12.1.3.2.3 H
representativ
film, adhesive
production cg

Exception: If]
compliance re¢

ductor layers.

epresentative maximum build-up singlelayer construction samples shall be p

, base material, and corresponding maximum thickness conductors, and shall b
nstruction having one or two patterned conductor layers:

the film, adhesive, base material, and conductor materials have been eva

Filament Wouind Tubing, Vulcanized Fibre, and Materials/sed in Printed Wiring Boards, UL

the same ma
from testing
construction 3

12.1.3.2.4 T
are to be po
intended for
constructions

12.1.3.25 A
is to be cong|
pattern on on

erials are used in the candidate construction, within the parameter profile indice
in accordance with UL 746E, then:‘testing of the representative maxim
hall not be repeated.

he conductor pattern shall betincluded on both sides of the samples and condJ
sitioned directly oppositeseach other, as mirror images, if double-sided cons
broduction; or, or the conductor pattern shall be included on one side if only
are intended for production.

double-sided construction with conductor patterns on both sides of the singlelg
dered representative of identical materials of construction with a representati
ly one side-of the same singlelayer dielectric, if the single-sided construction H

film, adhesive, base ‘material, conductor material, material thicknesses, and parameter prof|

single-sided ¢

onstruction is not considered representative of a double-sided construction.

presentative
M, adhesive,
one or two

rovided. The

b maximum build-up construction shall include but not be limited to the thickgst individual

b the thickest

jiated to the

bquirements in accordance with the StandardforPolymeric Materials — Industrigl Laminates,

746E, and if
5 established
um build-up

ctor patterns
tructions are
single-sided

yer dielectric
e conductor
as the same
le indices. A

12.1.3.3 Multilayer

12.1.3.31

Each combination of material layers or constructions shall be provided for test, except as

indicated, or described in Materials, Section 8; FMIC Constructions, Section 9; Processes, Section 10; and
Parameter Profile Indices, Section 11; or the Standard for Polymeric Materials — Industrial Laminates,
Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E.

12.1.3.3.2 Representative multilayer construction samples shall include but not be limited to the thinnest
thickness individual lamination(s) of film, adhesive, base material, conductor material, bonding film, cover
material, dielectric material, laminate, prepreg, and other insulation material. The representative multilayer
construction shall be the thinnest complete production multilayer construction having two or the minimum
number of internal patterned conductor layers, whichever is greater.
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12.1.3.3.3 Representative multilayer construction samples shall include but not be limited to the thickest
thickness individual lamination(s) of base material, film, adhesive, a maximum conductor thickness,
bonding film, cover material, dielectric material, laminate, prepreg, and other insulation material. The
representative multilayer construction shall be a complete production multilayer construction having two or
the minimum number of internal patterned conductor layers, whichever is greater.

Exception: If the film, adhesive, base material, conductor material, bonding film, cover material, dielectric
material, laminate, prepreg, and/or other insulation material, have been evaluated to the compliance
requirements in accordance with the Standard for Polymeric Materials — Industrial Laminates, Filament
Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E, and if the same
materials are used in the candidate construction, within the parameter profile indices established from
testing in accordance with UL 746E, then testing of the representative maximum build-up construction
samples shall not be repeated.

12.1.3.34
both of the
external patt

The conductor pattern shall be included in the internal patterned conductor Iz
external patterned conductor layers of multilayer construction samples. The
brns shall be positioned directly opposite each other, as mirror images:

yers, and on
internal and

12.1.3.3.5
build-up con
conductors §

An interior conductor layer of the maximum conductor weight'corresponding to[the minimum
struction shall be included in multilayer construction-samples. The interpal patterned
hall mirror the external patterned conductors.

12.1.4 Apparatus

12141 A
specified parn

measuring device used to perform the tests injthis standard shall be capable of
ameter with an accuracy within 10 percent of the measured parameter.

neasuring the

12.1.4.2 A teramic plate or tile to hold or retain\the samples during cooling.

12.1.5 Progedure

12.1.5.1 Prjor to all tests, subject.all"'samples to a stabilization period in accordance with|the Standard
Practice for [Conditioning Plastics\for Testing, ASTM D618, and the Standard for Plastice — Standard
Atmospheres for Conditioning(and Testing, ISO 291, for a minimum of 40 hours at 23 +2 °C {73.4 +3.6 °F)
and 50 £10 gercent RH, unless otherwise specified in the individual test method.

12.1.5.2 Ex

vision, and

amine all.the samples prior to test using normal or corrected 20/20 (also term
cord.any’presence of any wrinkles, cracks, blisters, delamination or loose cond

bd 6/6 or 1.0)
uctors or film,
reg, or other

r
adhesive, bgse material, bonding film, cover material, dielectric material, laminate, prep
insulation material.

12.1.5.3 During the test, the standard atmospheric conditions surrounding the samples shall be 25 °C
110 °C (77 °F £18 °F) and 50 £10 percent relative humidity, unless otherwise specified in the individual
test method.

12.1.5.4 Oven conditioning temperatures based on the desired or established MOT for the FMIC type
shall correspond to the temperatures in Table 12.2. The following tests require oven conditioning based on
the MOT: Delamination, 12.4; Bond Strength, 12.6; Ambient Bend, 12.9; and Stiffener Bond Strength,
12.12.
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Table 12.2

Corresponding Oven Conditioning Temperatures for the Desired (or Established) MOT

t,, Desired (or established) MOT (°C) t,, Oven temperature (°C) for t;, Oven temperature (°C) for

240-hour oven conditioning 1344-hour oven conditioning
75 118 98
80 123 103
85 129 108
90 134 113
105 150 128
120 167 144
25 72 49
130 177 154
150 199 174
155 204 179
160 210 184
170 220 195
175 226 200
180 231 205

Note — The tem

conditioning values rounded up to the next whole integer.

peratures represented by t, and t; are calculated based on the formdlas in 12.4.4.2 and 12.4.4.3, wif]

h the

12.1.5.5 Sa
retain the san
conditioning,

12.1.5.6 Co
samples sha

adversely aff¢cted by the mechanism used.to hold or retain the samples during cooling.

12.1.6 Data collection

12.1.6.1 Th
contact or in
interface ared
as seen from

mples shall be racked, hung, or placed in a fixture such that the mechanism us
hples position does not adversely affect theldamples or impede the conditionin
thermal stress, and oven conditioning.

| be placed on a ceramic platé)or tile, hung, or racked such that the sam

=}

C

conductor avefage width shall be determined and reported by measuring
ferface area_of.the materials (i.e., conductor material to base material). If
of the materials shall be used to measure the conductor trace average width frg

ed to hold or
g during pre-

pl the test samples to room temperature at standard ambient laboratory conpditions. The

ples are not

the average
possible, the
m a top-view

above the{Sample. See Figure 12.1 and Figure 12.2. Each of the following conqluctor widths
shall be deterfmined:

a)An

idboard conductor having the minimum average width on the sample;

b) A 1

.6 mm (0.062 inch) width conductor;

¢) An edge conductor having the minimum average width within 0.40 mm (0.015 inch) of the board
edge and not sheared at the board edge, except as described in 8.4.17. If the edge conductor does
not meet the criteria and/or is not included on the sample, a conductor of other width (d) specified

by the

fabricator shall be tested; and

d) A midboard/non-edge conductor of "other" width (optional) specified by the fabricator. The
"other" width conductor is optional unless the edge conductor does not meet the criteria in
Conductors and conductor adhesives, 8.4 and/or is not included on the sample test pattern.
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Figure 12.1
Measuring Conductor Trace Average Width (Side-View)

— & Conductor
<4 Base
J A € J B L J C L Material

S5082

Figure 12.2
Measuring Conductor Trace Average Width (Top-View)

_~_ <t Conductor

S5083

12.1.6.2 In|cases where the contact or interface area of the materials cannot be viewed from a top-view
as seen from above the sample (see Figure 12.3), the average contact or interface area of the separated
materials shall be used to measure the conductor trace average width.
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Figure 12.3
Measuring Conductor Trace Average Width (Side-View)

oL

S5084

12.1.6.3 The construction average width shall be determined and, reported by measuring|the average
contact or interface area of the materials (i.e., construction to stiffener). If possible, the intefface area of
the materials| shall be used to measure the construction average width from a top-view gs seen from

above the saple. See Figure 12.4.

Figure 12.4

Measuring Construction’Average Width (Top-View)

ZE o

————— N2

\ Stiffener

ZIES

5085 Conductors \Base Material

12.1.6.4 In cases where the contact or interface area of the construction and stiffener materials cannot

be viewed from a top-view as seen from above the sample (see Figure 12.5), the average contact or
interface area of the separated materials shall be used to measure the construction average width.
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Figure 12.5

Measuring Construction Average Width (Side-View)

$5086 /\O’)
\)\/
N
12.1.6.5 THe maximum area conductor diameter (d) as shown i’ Figure 12.6 shall be determined and
reported by [inscribing and measuring the largest circle withi e maximum unpierced area of the
conductor pdttern The maximum area conductor diameter (d ;; s&l be determined on the tesi sample from

a top-view ag seen from above the sample. Alternate cond area diameters shall also be|determined if
necessary for the test method.

%
)
Fj@ﬁ 12.6
Measuring MaXI6 Area Conductor Diameter
X

Maximum Area Diameter Conductor

55087

12.1.6.6 The average bond strength (average force/average width) shall be determined and reported by
establishing the average force required to separate the materials, and dividing the average force by the
contact or interface average width (i.e., conductor trace average width, or construction average width) in
the tested length of materials. See Figure 12.7.
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Figure 12.7

Determining Average Bond Strength from the Average Force

Force (units of force) /\ Average
Average Force — VoA v A < Bond Strength
— 5(0.275-0.55in) |q— \
s4291 Length of Bond Strength Pull (units of length)
12.1.6.7 The external conductor thickness (weight) including Aoil~thickness and plating shall be

determined d
plating thickn
thickness is 4

12.1.6.8 Fo
(weight) shall

12.1.6.9 Th
reported by n

121610 T
limited to the
stiffener bond
the sample t
sample const

12.1.6.10A

pattern parameters;.overall sample build up thickness and cover material thickness. If sample

suspect, thre

bss shall be determined and reported on the samplé test pattern to verify the to
ppropriate for the bond strength pull.

multilayer samples with internal conductor test patterns, the internal conduc
be determined and reported for each internal conductor layer.
easuring the sample thickness on the sample.

ne average build up thickness of all samples containing conductor patterns, su
strength, and silver:migration test samples shall be determined and reported

hickness, where no conductor material resides on the internal or external su
ruction.

Visual .examination of the test sample shall be used to determine uniformity of t

n the sample test pattern. In addition, the externdl ‘conductor foil and conddctor surface

al conductor

for thickness

b average build up thickness of the uncoated flammability sample shall be determined and

ch as but not

bond strength, delamination, conductive paste adhesion, cover material test, flgxibility tests,

Yy measuring
faces of the

he conductor

the sample in

12.1.6.11

uniformity is

b-thickness measurements of the parameter in question shall be made in sepa“ate areas on

Record and report the following information and measured parameter for each set of samples

and each material component (i.e., film, adhesive, base material, bonding film, cover material, dielectric
material, laminate, prepreg, and other insulation material; as applicable) in the construction used to
fabricate the FMIC:

a) Type designation for the FMIC;

b) Title of the FMIC type;

¢) Material component;

d) Manufacturer;
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e) Grade designation;

f) Material component thickness;

g) Film thickness (if applicable);

h) Adhesive thickness (if applicable);

i) External conductor thickness before etching or plating;

j) External conductor thickness after plating;

k) Minimum internal conductor thickness (if applicable); and

) Ma

imum internal conductor thickness (if applicable).

12.2 Micropection analysis

12.21

12.2.1.1 Th
materials, cd
method sam
other areas ¢

Genleral

e purpose of the microsection examination is to evaluate<and determine com
nstruction, and test pattern of the printed wiring board with the applicable stan
ble coupon construction requirements. The same baSi¢procedures may be uss
f the sample.

12.2.1.2 Guidelines for preparing microsectioning samples are described in the Standar

Preparation
Automatic M

12.2.2 Test

12.2.2.1 TH
representatiy
samples mu
routers, and
clearance to
(0.1 inch). L

of Metallographic Specimens, ASTM [E 3, and Microsectioning, Manual
pthod, IPC TM-650 2.2.1.

samples

e microsection samples shall*be cut from the printed wiring board or test coup
e areas of the parameters to be measured. This may require multiple micri
5t maintain required, traceability. Three common types of cutting tools are di
punching dies. Samples shall be cut perpendicular to the evaluation surface
prevent damage to' the examination area. The recommended minimum clearar
epending onthe printed wiring board or test coupon design care shall be

choosing a nicrosection location such that a complete examination can be made.

12.2.2.2 S§
height shall i

mples;sizes are generally not more than 12 to 25 mm (0.5 to 1.0 in.) square
e determined for convenience in handling during polishing.

pliance of the
dard and test
d to evaluate

| Practice for
hnd Semi or

on to include
bsections. All
Amond saws,
with enough
ceis 2.5 mm
exercised in

The sample

12.2.2.3 Samples shall be cleaned thoroughly with isopropyl or ethyl alcohol to remove all greases, oils,
and residue from the cutting tools. Dry the sample thoroughly. Cleanliness during sample preparation is
important for good adhesion of the mounting resin. Poor adhesion of the mounting resin can cause gaps

between the

sample and the mounting material which make proper examination difficult.

12.2.2.4 Samples shall be mounted prior to grinding and polishing in a castable resin/potting material. A
release agent shall be applied to the plate and mount mold. The sample shall stand in the mount
perpendicular to the base with the surface to be evaluated facing the mounting surface. Clips or tape may
be used to support the sample until the potting material is cured.

12.2.2.5 The mount mold shall be filled with potting material carefully to reduce bubbles in the potting
material. Allow samples to cure and remove mount mold.
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12.2.2.6 The samples shall be rough planar ground using an abrasive medium. ANSI 180 — 240 abrasive
paper (or equivalent) may be used as a starting grit size using metallographic equipment to remove the
sectioning/cutting damage. The sample shall be held firmly in contact with the rotating wheel in a circular
path against the rotation of the wheel. Rinse the sample with running water and dry. Wheel speeds of 200
to 300 rpm are generally used during grinding. Rotate the sample 90 degrees planar between successive
grit size and grind to remove the scratches from the previous step. The successive grinding time may be
three times longer than the previous step. Scratches are grooves in the surface of the sample produced by
the abrasive particles in the grinding paper. The surface of the sample shall be flat with one set of
unidirectional grinding scratches. Water flow must be maintained for removal of grinding debris and to
prevent overheating and damage to the sample.

12.2.2.7 Continue grinding the samples with fine grit size. ANSI 400 — 1200 grit (or equivalent) may be
used in successive order to remove the rough and finer grinding damage/scratches. Less {ime shall be
spent on the |larger grit and more time on the smaller grit for better sample quality. The scratch removal
can be verifigd by microscopic inspection between steps. Rinse and dry samples béetween [each step to
avoid contamjnation by grinding particles.

12.2.2.8 Po

ish the samples to remove the scratches from intermediate ‘steps. Diamag

preferred. Smearing of the printed wiring board material or potting materialkmay occur if lubr|

are too low o
applied load

12.2.3 Micr

12.2.3.1  WH
examination ¢

12.2.3.2 Th
solution and

I if excessive load is used during grinding. Increase or change the lubricant an
p reduce smearing.

p-etching the sample surface

en the required microsection quality has been achieved, the sample shall be et
f the copper foil and plating interface.

e etching solution shall be prepared daily and is a mixture of 7 drops Ammoniu
9 drops Hydrogen Peroxide selution. The Ammonium Hydroxide solution is

solution of reagent grade Ammonium Hydroxide and deionized water. The Hydrogen Peroxidg

1:1 ratio solut

12.2.3.3 Th
the etchant 2
etchant.

ion of stabilized Hydrogen Peroxide (3 percent by volume) and deionized water.

to 3 times to shew-the plating surface. Rinse in running tap or deionized wat

Note: Over etctling may obiscure the demarcation line between the copper foil and electroplate copper, prey

evaluation. Thin

Copper foil and special plating processes can require the etching time to be modified.

nd polish is
cation levels
d reduce the

ched to allow

m Hydroxide
a 1:1 ratio
solution is a

b etching solution shall be applied for 2 to 3 seconds. If necessary, repeat the application of

br to remove

enting accurate

12.2.4 Matﬁrial and test pattern parameter examination.

12.2.4.1
illumination.

The microsection sample shall be evaluated at a minimum 100X magnification with bright field

12.2.4.2 All parameters required by the standard shall be measured and observed including, but not
limited to, overall construction build up thickness, laminate layer thickness, bonding layer thickness,
number and thickness of reinforcement layers, conductor thickness (weight), conductor base width, etc.
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12.3 Thermal stress test
12.3.1 Purpose
12.3.1.1  The purpose of this test method is to evaluate the physical fatigue of representative samples or

production boards exposed to assembly soldering. See Table 12.3 for the test methods to be conditioned
using the thermal stress test.

Table 12.3
Test Methods Requiring Thermal Stress Conditions

Test Section
Flammability t¢st 12.15
Delamination test 12.4
Bond strength fest 12.6,
Conductive papte adhesion test 127
(Ambient) bend test 12.9
Stiffener bond trength test 12.12

12.3.2 Compliance criteria

12.3.2.1 There shall be no presence of any wrinkling, cracking, blistering, loosening, or dglamination of
any conducfor, adhesive, base material, bonding film¥’ cover material, dielectric materal, laminate,
prepreg, or other insulation material as a result of the thermal stress test.

12.3.3 Test{samples

12.3.3.1 Sgmples shall include all material components in accordance with Materials, Secfion 8; and for
the desired gonstruction(s) in accordance with FMIC Constructions, Section 9.

12.3.4 Apparatus or material

12.3.4.1 Afixture for racking samples can be used for this test. The fixture shall not interferg with the test
area of or he¢at transfen t0' the samples. The entire sample shall be exposed to the preconditioning and
thermal stregs tempgeratures. A tab or area of the sample used to secure the sample in a fack shall not
interfere with the heat transfer to the test area of the sample during preconditioning or therma| stress.

12.34.2 A ICbUIId;t;UII;IIU (L,uuvcx,tiun) oven L,apabic of |||c|i||tc|i||i||g the—ntended tclllp ature for the
desired time, and calibrated to the Standard Test Method for Forced-Convection Laboratory Ovens for
Evaluation of Electrical Insulation, ASTM D 5374, and the Standard Specification for Forced-Convection
Laboratory Ovens for Evaluation of Electrical Insulation, ASTM D 5423, shall be used for this test.

12.3.4.3 A dry storage device or desiccator capable of maintaining the preconditioned samples at 20
percent RH or less at room temperature shall be used for this test.

12.3.4.4 Thermal stress reflow conditions shall be conducted using the following apparatus:

Reflow Oven — The reflow system shall have adequate environmental controls to maintain the
tolerance range and limits in the designated temperature profile. IR reflow requires attention to the
uniformity of temperature across the sample due to the susceptibility of the materials to infrared
absorption.
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12.3.4.5 Thermal stress shall be conducted using one of the apparatus specified below for other

soldering proc

€SSes:

a) Convection Oven — Attention shall be directed to maintaining the test temperature, when

introdu

cing and removing the samples into and from the oven chamber.

b) Sand Bath — Attention shall be directed to the uniformity of temperature throughout the fluidized
bed, and avoid mechanical damage imposed by an inadequately fluidized sand bath. Samples
shall be prepared to prevent adhesion of sand. Samples shall not be tested for flammability if sand
adheres to the sample.

c) Solder Pot — Attention shall be directed to the samples when removing them from the solder pot

s not to have

so th
solder

12.3.5 Prodedure

12.3.5.1  THh
minimum for

12.3.5.2 Su
not conductg
absorption.

12.3.5.3 All
the FMIC fab
this investigal

e samples shall be preconditioned to remove moisture by baking\at’121 +2 °C

pject the samples to a thermal stress within 30 minutes after removal from the 12
d within 30 minutes, the samples shall be stored-inh a desiccator to prev

samples shall be subjected to reflow soldering.conditions or equivalent process

solderdoes-notioinwith- the conductartraces-Samnles-shall ha nbranared-so-a
aca—aan®, ROHOH-WHRR HEHGe—H= —oa Pt AaH-BDe-Preparea =

resist or excess solder on conductor traces.

.5 hours minimum prior to being subjected to the thermal stress unless specifieq

icator. The standardized thermal stress conditions described in Table 12.4 sha
ion.

Table 12.4
Sample Thermal Stress Standardized Conditions

250 £3.6 °F)
otherwise.

1°Coven. If

bnt moisture

specified by
| be used for

Asseml

ly process Maximum peak temp Dwell time Cy

Cles

Reflow 260 °C,

245 °C or 230 °C

LK

(default 260 °C) IPC TM-650 2.6.27

(defa

ult 6)

Reflow Special

T2 t2 plus profile conditions

Wave / Selectiy

e soldering

T3 t3

Notes:

1 — Default reflq
necessary for {

2 — Reflow - Th

4 —Wave / Sele
5—The peak te

w condijtions are 260 °C peak temperature and 6 cycles. FMIC fabricator shall specify alternate cong
e thermal stress test.

itions if

e peak temperature (T - and omber of Tycles (X Shattbespectified:

3 — Reflow Special - Unique conditions defined by FMIC fabricator for ramp rate (R1), cooling rate (C1), peak temperature (T2),
dwell time (t2) and cycles (X).

ctive - The peak temperature (T3) and dwell time (t3) shall be specified.

mperature shall be measured on the board surface.

6 — See reflow profile figures in IPC TM-650 2.6.27.

12.3.5.4 FMICs for use with reflow assembly processes shall be thermally stressed using one of the
standardized profile conditions Reflow 260 °C, Reflow 245 °C, Reflow 230 °C, or Reflow Special in
accordance with IPC TM-650 2.6.27. The thermal stress maximum temperature and maximum cycles shall
be specified by the fabricator. The Reflow 260 °C profile using six (6) cycles shall be the default thermal

stress unless

specified otherwise.
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12.3.5.5 FMICs for use with wave solder and/or selective soldering assembly processes shall be
thermally stressed using the maximum temperature, maximum time, and maximum cycles specified by the
fabricator. One (1) cycle shall be the default unless specified otherwise.

12.3.5.6 Cool the test samples to room temperature.

12.3.5.7 Examine the samples using normal or corrected 20/20 vision, and record any presence of
loosening, wrinkles, cracks, blisters, or delamination in the conductors or insulation material.

12.3.6 Data collection

12361 R bUId dl Id IU}JUi‘t thc fU“UVV;I Iu tcbt CUI Id;t;ul 1S dl Id Cqu;plllcl It.
a) The preconditioning temperature(s) and time(s) used to remove moisture fromithé gamples.
b) The thermal stress temperature(s), time(s) and cycle(s) subjected to the-samples.
¢) Th¢ apparatus used for the thermal stress operation.
12.3.6.2 Record and report the following test results prior to preconditioning to remove jmoisture and
following the|thermal stress operation and cooling to room temperature:
a) The presence of any wrinkles, cracks, blisters, or loose’conductors or
b) Any delamination, wrinkles, cracks, blisters, or logse film, adhesive, base material [ bonding film,
coverlmaterial, dielectric material, laminate, prepreg, or other insulation material.
12.4 Delamination test
12.4.1 Purpose
12.4.1.1 THe purpose of this test method is to provide a consistent procedure for assessing the physical
endurance of FMIC's, following exposure to solder limits, and solder limits and thermal conditioning based
on the maxium operating temperature. The test is designed to assess physical fatigue of|test samples

exposed to

he anticipated production soldering temperatures and anticipated service tem

peratures via

elevated temperature conditioning.

12.4.2 Compliancecriteria

12.4.2.1 THere shaII be no presence of any wrlnklmg, crackmg, blistering, or Ioosenlng of any conductor,
or any delarqin W , ase material,
bonding film, cover material, dlelectrlc materlal or other insulation matenal as a result of the pre-
conditioning, thermal stress, oven conditioning, or cooling.

12.4.3 Test samples

12.4.3.1 Four (4) samples, representing a minimum build-up interconnect construction, shall include all
material components in accordance with Materials, Section 8; and, for the desired construction(s) in
accordance with FMIC Constructions, Section 9.

12.4.3.2 A representative conductor pattern is shown in Figure 12.6 or Figure 12.8. If it is intended for
samples to be tested with a maximum area conductor diameter larger than can be provided on samples
indicated in Figure 12.8, an additional set of samples with a pattern containing the largest maximum area
conductor as depicted in Figure 12.6 or a pattern containing only an unpierced circle of the largest
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maximum area conductor diameter shall be tested. Samples can include multiple conductors with various
maximum area conductor diameters.

12.4.3.3 External conductors of the initial minimum weight shall be provided on samples for test.

12.4.3.4 Cover material and solder resist materials shall not be present on the external surfaces of the

samples.

12.4.3.5 Singlelayer Constructions. See Singlelayer, 12.1.3.2.

12.4.3.6 Multilayer Constructions. See Multilayer, 12.1.3.3.

12.4.4 Prod

12441 Su

12442 PI3
up constructi
temperature (¢

in which:
t2 is th

t;isth

See Table 1
established M

12.4.4.3 WH
described in
maximum b
circulating-air

edure
bject the samples to the Thermal stress test, 12.3.

bn samples in a full-draft circulating-air oven for 240 consecutive hours, ma
etermined by the following formula:

t, = 1.076(t,+288) — 273

e oven conditioning temperature in °C for240-hours oven conditioning, and

e MOT in °C of the FMIC type.

P.2 for the 240-hours oven  conditioning temperatures corresponding to th
OT.

en the fabricator sowequests, a longer oven conditioning time at a lower temg
12.4.4.2 shall be,used. Two of the minimum build-up construction samples ar
ild-up construction’ samples shall be placed for 1344 consecutive hours i
oven, maintained at a temperature determined by the following formula:

ty= 1.02(1,+ 288) — 273

in which:

ce two (2) of the minimum build-up construction samples and two.(2) of the maximum build-

ntained at a

b desired or

erature than
d two of the
h a full-draft

t3 is th

t;isth

e oven conditioning temperature in °C for 1344-hours oven conditioning, and

e MOT in °C of the FMIC type.

See Table 12.2 for the 1344-hours oven conditioning temperatures corresponding to the desired or
established MOT.

12.4.4.4 Cool the samples to room temperature.

12.4.4.5 Examine the samples using normal or corrected 20/20 vision, and record any presence of
loosening, wrinkles, cracks, blisters, or delamination in the conductors or insulation material.
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12.4.5 Data collection

12.4.5.1

Record and report the following FMIC information:

a) Solder limits of the FMIC type; and

b) MOT (temperature t4, °C) of the FMIC type.

12.4.5.2 Record and report the following test results:

a) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation material prior to thermal stress in accordance with 12.4.4.1 and

brmal stress test data collected (if applicable) in accordance with 12.4.4.1.

12.4.5.3 Record and report the following test results for the 240-hours oven conditioning a

b) Th
to:

a)Th

b) Th

insuld

accof
12.4.5.4 Reg
t3:

a) Ovj

b) Th
insuls
accof

b oven conditioning temperature (t,) used in accordance with 12.4.4.2 and

b presence of any loosening, wrinkles, cracks, blisters, oridelamination in the

dance with 12.4.4.4.

en conditioning temperature (t3) used inlaccordance with 12.4.4.3 and

b presence of any loosening, wrinkles, cracks, blisters, or delamination in the
tion material after the 1344-hours oven conditioning or cooling to room te
dance with 12.4.4.4.

12.5 Plating adhesion test

12.5.1 Pur
12.5.1.1 TH
of plated me
is designed t
or thermal cq

DOSe

e purpose of-this test method is to provide a consistent procedure for assessing
allic conductors of FMIC's without exposure to solder limits or thermal conditio
b assure adhesion of plated conductor material(s) on test samples, not subject t
nditiehing.

I temperature

conductors or

tion material after the 240-hours oven conditioning’,or cooling to room temperature, in

cord and report the following test results for the $344-hours oven conditioning at temperature

conductors or
mperature, in

the adhesion
ning. The test
D solder limits

12.5.2 Compliance criteria

12.5.2.1

removed as shown by pattern particles adhering to the pressure-sensitive cellophane tape.

There shall be no evidence of the plating, protective plating, or the conductor pattern being

Note — When small particles of metal adhere to the pressure-sensitive cellophane tape, it may be evidence of overhang and not non-
compliant plating adhesion.

12.5.3 Applicable documents

12.5.3.1

Tapes Used for Electrical Insulation.

ASTM D1000-82(1988) — Standard for Methods of Testing Pressure Sensitive Adhesive Coated
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12.5.4 Test samples
12541 One (1) sample, representing a minimum build-up construction, shall include all material

components in accordance with Materials, Section 8; and, for the desired construction(s) in accordance
with FMIC Constructions, Section 9.

12.5.4.2 A representative conductor pattern is shown in Figure 12.8.

12.5.4.3 The conductor pattern on the plating adhesion test samples shall reflect the conductor pattern

submitted for

the Bond strength test, 12.6, as shown in Figure 12.8.

12.5.4.4 Extermatconductorsoftheinitiat-mintmurmweight-withamaximum—amount-of ptai

for productior

12.5.4.5 Co
one end.

12546 Th

1254.7 Th
production. S

12.5.4.8 Th
holes filled wi

Exception: If
is subject to t
conductor ma

12549 Th
conductive m
filled with con

125410 C
samples.

12.5.4.11 Te
maximum bu
process.

shall be provided for test.

hductors on the sample for plating adhesion test shall be continuous,.and’may

e samples shall be provided with contacts if contacts are intended in production.

e samples shall be provided with plated through-holes if plated through-holes ar
ee Conductors and conductor adhesives, 8.4.

b samples shall be provided with through-holes-filled with conductive material(
th conductive material(s) are intended in production.

h sample with conductor material applied over through-holes filled with conductiy
he plating adhesion test, the plating adhesion test need not be repeated on a s3
terial applied over through-holes filled with the same conductive material(s).

e samples shall be provided ;with conductor material applied over through-hol
aterial(s) if constructionswijll be produced with conductor material applied over t
ductive material(s).

pver material and-solder resist material shall not be present on the external sy

sting of minimum build-up construction samples shall be considered represe
Id-up~construction samples, for investigation of the same conductor plating m

ing intended

be tapered at

e intended in

5) if through-

e material(s)
mple without

es filled with
nrough-holes

rfaces of the

tative of the
terial(s) and

12.5.5 Apparatus or material

12.5.5.1

Double-faced adhesive tape or an adhesive system with an adhesive strength capable of

attaching a rigid supplemental reinforcement material to the test sample for plating adhesion testing shall
be used for this test. The double-faced adhesive tape or adhesive system shall be compatible with the
materials used in the construction, and shall not be detrimental to or adversely affect the materials in the
construction.

12.5.5.2 A rigid supplemental stiffener material to be bonded to the test samples shall be used for this
test. The rigid supplemental stiffener material is intended to eliminate tenting or flexing of the sample
during the plating adhesion test.

Note — The stiffener material should be compatible with the materials used in the construction, and should not be detrimental to or
adversely affect the materials in the construction.
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12.5.5.3 A steel roller 80 mm 2.5 mm (3.25 inch) in diameter, 45 mm 1 mm (1.75 in) wide, and
weighing 2000 g +50 g (4.5 pounds) covered with rubber approximately 6 mm (0.25 in) in thickness shall
be used for this test.

12.5.5.4 Pressure-sensitive cellophane tape, 13 mm (0.5 inch) wide, with an adhesion of 0.38 +0.05
N/mm (35 +5 ounces per inch), as determined by the Standard for Methods of Testing Pressure-Sensitive
Adhesive Coated Tapes Used for Electrical Insulation, ASTM D1000 shall be used for this test.

Note — The adhesive tape should be compatible with the material components used in the construction, and should not be

detrimental to or adversely affect the materials in the construction.

12.5.6 Procedure

12.5.6.1 Af
subjected to
accordance

Note — The reinf

12.5.6.2 Aj
in accordang
cellophane t

ach a rigid reinforcement material to the back-side of the sample, thelsi
the plating adhesion test, using double-faced adhesive tape or anfadhesi
vith 12.5.5.1.

orcement material is intended to eliminate flexing and tenting of the sample during the plating adhes

ply a minimum 50.8 mm (2 inches) effective test length of pressure-sensitive ce
e with 12.5.5.4, on the sample reinforced in accordance,with 12.5.6.1. The pres
bpe shall be applied in an area on the sample so_twoe"additional applications,

three applications of the pressure-sensitive cellophane tape,«can be made on untested

sample.

12.5.6.3 Us
inches) minir

12564 M
end of the ta
an angle of g

12.5.6.5 EX
normal or cd
adhering to t

12.56.6 R
removal of

e a steel roller in accordance with 12.656:3 to remove all air bubbles in the
num effective test length of pressure-sensitive cellophane tape on the conductor

bchanically remove the pressure;sensitive cellophane tape applied in 12.5.6.3 by
pe, and removing it at a rate of approximately 25.4 mm in 5 seconds (1 inch in
pproximately 90 degrees to the base material.

amine the pressuressensitive cellophane tape removed in accordance with 1

ne pressure-sensitive cellophane tape.

peat application of the pressure-sensitive cellophane tape in accordance with
ir bubbles in the effective test length in accordance with 12.5.6.3. Using n

sensitive cel

ophane tape for each application, repeat steps 12.5.6.2 — 12.5.6.5 in order, tw

e not being
ve system in

on test.

lophane tape
bure-sensitive
for a total of
areas of the

50.8 mm (2
pattern.

gripping one
b seconds) at

2.5.6.4 using

rrected 20/20 visien;*and record any presence of any plating or conductor paftern material

12.5.6.2 and
EW pressure-
b more times.
sample each

The pressuref-sensitive cellophane tape shall be applied on a different untested area of the

time, for a totalof three apptications.

12.5.7 Data collection

12.5.7.1

Indicate the type of supplemental reinforcement attached to the samples in accordance with

12.5.6.1, after thermal stress (if applicable) and before being subjected to the plating adhesion test.

12.5.7.2 Record and report the following test data, in accordance with:

a) The presence of any loosening, wrinkles, cracks, blisters, or delamination, in the conductors or
insulation materials in accordance with 12.6.5.1, prior to the plating adhesion test in accordance

with 1

2.5.6.2-12.5.6.5; and
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b) The presence of any plating or conductor pattern material adhering to the pressure-sensitive
cellophane tape in accordance with 12.5.6.5, for each of the three applications in accordance with
12.5.6.6.

12.6 Bond strength test

12.6.1 Purpose

12.6.1.1  The purpose of this test method is to provide a consistent procedure for assessing the physical
endurance and bond strength of metallic conductors on base materials of FMICs, following exposure to
solder limits, and solder limits and thermal cond|t|on|ng based on the maximum operatmg temperature.
The test is dpsighec

12.6.21 Th

a) 21
detern

b) 2 1
detern
oven

c) 11

detern
oven

12.6.22 Th

or any delanination, wrinkling, cracking; blistering, or loosening of any film, adhesive, b

bonding film,
conditioning,

12.6.3 Test
12.6.3.1

components,
with FMIC Cd

Tenp (10) samples, representing a minimum build-up construction, shall includg

pliance criteria

pf/inch (0.350 N/mm) for each individual conductor trace,\for the average b
hined in accordance with 12.6.6.6(a), after being subject to-thermal stress; and

pf/inch (0.350 N/mm) for each individual conductor trace, for the average b
nined in accordance with 12.6.6.6(b), after being“subject to thermal stress an
onditioning; or

pfiinch (0.175 N/mm) for each individualceonductor trace, for the average b
nined in accordance with 12.6.6.6(c) after being subject to thermal stress ang
onditioning.

bre shall be no presence of any‘wrinkling, cracking, blistering, or loosening of a

cover material, dielectric.\'material, or other insulation material as a resulf
thermal stress, oven conditioning, or cooling.

samples

in accordance with Materials, Section 8; and, for the desired construction(s), in
nstructions, Section 9.

d production
ifioning.

b average bond strength between the conductor and base material shall not be Ig¢ss than:

bnd strength

bnd strength
d 240-hours

bnd strength
1344-hours

y conductor,
se material,
of the pre-

all material
accordance

12.6.3.2 Ar

Epresentative conductor patterT s ShowrTim Fgure +2-8:
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Figure 12.8
Typical Bond Strength Test Sample Pattern

F
—C D ‘(//47

B L
ﬁ: re— ‘Wfig)
B

B .

$5088

A — Minimum average width conductor, specified by the fabricator.

B —1.6 £ 0.13 nm (0.062 inch) average width conductor.

C — 10 mm (0.375 inch) diameter unpierced circular conductor.

D — 13 mm (0.5 jnch) diameter unpierced circular conductor.

E — Maximum afea conductor diameter, specified by the fabricator.

F — Edge conduftor, shall be within 0.40 mm (0.015 inch) of the sample edge, not sheared 2.

G - Plated throJgh-holes 2. At least four (4) platedthrough holes shall be present on the samples.

H — Plated contacts, at least three, of maximum-width 2.

@ Optional, but nust be on sample if intended for production constructions.
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12.6.3.3 External conductors of the initial minimum weight shall be provided for the bond strength test.
For initial conductor weights less than 1 oz/ft? (33 mic), the conductors shall be plated to a thickness
reflecting 1 oz/ft?.

Exception: The initial conductor weight and narrow width of minimum average width conductors may
prohibit plating to a thickness corresponding to 1 oz/ft?, so narrow width conductors shall be plated to the
maximum conductor weight intended for production of the corresponding conductor width.

12.6.3.4 Conductors on the samples for bond strength test shall be continuous, and may be tapered at

one end to aid initiating the bond strength pull.

12.6.3.5 Th

12.6.3.6 Th
production.

12.6.3.7 Th
holes filled W
conductor m3
with conductd

Exception: If
are subject t
conductor ma

12.6.3.8 Co
construction.

without obstriiction of cover material or solder resist materials.

12.6.4 Apparatus or material

12.6.4.1 Do
attaching a ri

used for this test.

Note — The doul
should not be de

126.4.2 A1
this test. The

samples-shall-be-provided-with-contacts-i-contacts-are-intended-in-production-

e samples shall be provided with plated through-holes if plated through-hgles“ar

ith conductive material are intended in production. If constructions will be p
terial applied over through-holes filled with conductive material, samples shal
r material applied over through-holes filled with conductive yaterial.

samples with conductor material applied over through-holes filled with conduc

terial applied over through-holes filled with the<same conductive material.

ver material and solder resist materials\shall not be present on the external sy
The bond strength test shall be conducted by peeling the conductor from the &

pid supplemental reinforcement material to the test sample for bond strength te

le-faced adhesive tape or adhesive system should be compatible with the materials used in the ¢l
rimental to.or adversely affect the materials in the construction.

gidssupplemental reinforcement material to be bonded to the test samples sha

e intended in

b samples shall be provided with through-holes filled with conduetive material if through-

oduced with
be provided

tive material

D the bond strength test, the bond strength test.need not be repeated on samples without

rfaces of the
ase material

uble-faced adhesive tape or an adhesive system with an adhesive strength capable of

5ting shall be

bnstruction, and

| be used for

rigid supplemental reinforcement material is intended to eliminate tenting and

flexing of the

sample during the bond strength test.

Note — The reinforcement material should be compatible with the materials used in the construction, and should not be detrimental to

or adversely affe

ct the materials in the construction.

12.6.4.3 A pry tool, such as a knife or scalpel, capable of separating the conductor from the substrate

adhesive or fi

12644 A
temperatures

Im material to initiate the conductor bond strength pull shall be used for this test.

conditioning (convection) oven capable of maintaining the specified
in 12.6.5.5 and 12.6.5.6 shall be used for this test.

conditioning

12.6.4.5 A bond strength tester capable of providing and measuring the force required to separate the
conductor material from the substrate material with an accuracy within 10 percent of the measured force
value shall be used for this test.
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12.6.5 Procedure

12.6.5.1 Subject the samples to the Thermal stress test, 12.3. The samples shall be subjected to the
Thermal stress test without any reinforcement attached; a supplemental reinforcement material shall be
applied to these samples only after the Thermal stress test.

12.6.5.2 Attach a rigid reinforcement material to the back-side, the side of the sample not being
subjected to the bond strength test, of four (4) of the minimum build-up construction samples and four (4)
of the maximum build-up construction samples using double-faced adhesive tape or adhesive system in
accordance with 12.6.4.1, following the thermal stress test in accordance with 12.6.5.1.

12.6.5.3 Separs - measure the

force required to separate the conductor from the base material in accordance with 12.6.5\5

of the mini
reinforced in

12.6.5.4 Sq
grasped for t

Exception: A

interface renpain intact, the base material rips or tears when the bond strength pull is condy
fed fo the conductor material exceeds 2 Ibf/inch/(0.350 N/mm), the bond stfength of that

forces impal
conductor sh

12.6.5.5 Pg
(0.25inch) a
inch) in 1.25
less than 85

um build-up construction samples subjected to the thermal stress test lin
12.6.5.2.

parate or pry the end of the conductor from the base material, so-that the con
ne bond strength pull.

fter attempting to pry up an end of a conductor, if the canductor material and

all be considered greater than 2 Ibf/inch.

el a uniform width of the conductor from thesample surface for a distance of af|
a uniform rate of approximately 300 mm/min (12 inches/min) [or, approximately
seconds]. The angle between the conductor and the base material shall be mai
degrees during the test. Three force determinations are to be made on each co

, on three (3)
12.6.5.1 and

juctor can be

base material
cted, and the

least 6.4 mm
6.4 mm (0.25
htained at not
nductor width

described below:

a) A gonductor having the minimum average width on the sample;

b) A 1.6 mm (0.063 inch) wide conductor;

of the board
nd conductor
luded on the

c) An
edge
adhe
samp)

edge conductorthaving the minimum average width within 0.4 mm (0.015 inch
and not sheared at the board edge, except as described in Conductor a
ives, 8.4..If-the edge conductor does not meet the criteria and/or is not ing
e, a copductor of other width (d) specified by the fabricator shall be tested

p other width
bnductor and

d) A |midboard/non-edge conductor of other width specified by the fabricator. Th
condyctor is optional unless the edge conductor does not meet the criteria in C
conductor adhesives, 8.4 and/or is not included on the sample test pattern.

Exception No 1: As an alternative to using three force determinations, one force determination can be
made on each conductor described below on each sample tested by peeling a uniform width conductor
from the sample surface for a distance of at least 19 mm (0.75 inch).

Exception No 2: When the characteristics of the conductor material of unconditioned (i.e., no thermal
stress and no oven conditioning) or conditioned (i.e., thermal stress or oven conditioning) samples inhibit
measurement of the bond strength with test equipment, the bond strength shall be evaluated manually. A
reference material previously evaluated with test equipment and found to have bond strength greater than
2 Ibf/inch (0.350 N/mm) for each individual conductor trace of similar average width shall be used to
compare with the bond strength of each individual conductor trace of similar average width on
unconditioned and oven conditioned samples. A tool can be used to pry the conductor from the base
material surface and the bond strength shall be evaluated manually, in accordance with 12.6.5.4.The
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same conductor traces on unconditioned and oven conditioned samples shall be evaluated in the same
manner as described above, and the bond strength of the unconditioned, oven conditioned, and reference
samples shall compare favorably with one another.

12.6.5.6 Place two (2) of the minimum build-up construction samples subjected to the thermal stress test
in accordance with 12.6.5.1 in a full-draft circulating-air oven in accordance with 12.6.4.4, for 240
consecutive hours, maintained at a temperature determined by the following formula:

t, = 1.076(t,+288) — 273

in which:

t, is the oven conditioning temperature in °C for 240-hours oven conditioning, and

t;is the MOT in °C of the FMIC type.

See Table 1
established M

12.6.5.7 WH
described in |
(2) of the ma
draft circulat

temperature determined by the following formula:

in which:
t;is th

t;isth

See Table 1
established M

12.6.5.8 Co

12.6.59 Ex

P.2 for the 240-hours oven conditioning temperatures corresponding to th
OT.

en the fabricator so requests, a longer oven conditioning’time at a lower temg
2.6.5.6 shall be used. Place two (2) of the minimum-bdild-up construction sam
imum build-up construction samples subjected tothethermal stress test in 12.4
ng-air oven in accordance with 12.6.4.4, for~1344 consecutive hours, mai

t;= 1.02(¢, +288) — 273

e oven conditioning temperature in °C for 1344-hours oven conditioning, and

e MOT in °C of the FMIC type.

P.2 for the 1344-hours oven conditioning temperatures corresponding to th
OT.

pl the test,samples to room temperature.

bmine” the samples using normal or corrected 20/20 vision, and record any

b desired or

erature than
ples and two
.5.1 in a full-
ntained at a

b desired or

presence of

loosening, wi

lel 1 blict dal i +1 H . 2l €3 H lats + 1ol
TTNICO, UIAdUNO, VITOoLlTT O, UT UTIalmimiaturt mriuic CUTTUULLUT O Ul TTTouiauurt rriateitar.

12.6.5.10 Attach a rigid reinforcement material to the back-side of the samples using double-faced
adhesive tape or an adhesive system in accordance with 12.6.4.1, so the samples do not flex or tent
during the bond strength test.

Note — The test samples shall be oven conditioned in accordance with 12.6.5.6 or 12.6.5.7 without any supplemental reinforcement
attached. A supplemental reinforcement material shall be applied to the test samples only after the stabilization period following oven
conditioning and cooling.

12.6.5.11 The force required to separate the conductor from the base material shall be initiated in
accordance with 12.6.5.4 and measured in accordance with 12.6.5.6 on the two (2) minimum build-up
construction samples conditioned in accordance with 12.6.5.6 (240-hours oven conditioning at
temperature t,).
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12.6.5.12 If the fabricator requests an oven conditioning temperature lower than described in 12.6.5.6
(240-hours oven conditioning, at temperature t,), the force required to separate the conductor from the
base material shall be initiated in accordance with 12.6.5.4 and measured in accordance with 12.6.5.5 on
the two (2) minimum build-up construction samples conditioned in accordance with 12.6.5.7 (1344-hours

oven conditioning at temperature t3).

12.6.6 Data collection

12.6.6.1
a) So

Record and report the following FMIC information:

Ider limits of the FMIC type; and

b) M

12.6.6.2 Record and report the following test data:

a) Th
insula

b) Tes

c) Th
after
bond

d) Th

12.6.
condi

12.6.6.3 Rsg
at temperatu

a) Ovj

b) Th
insuls

T of the FMIC type.

e presence of any loosening, wrinkles, cracks, blisters, or delamination in q
tion materials prior to thermal stress or oven conditioning;

t data collected from the thermal stress test (if applicable),imaccordance with 1!

b type of supplemental reinforcement attached to the{samples in accordance
hermal stress (if applicable) in accordance with 12:6.5.1 and before being su
strength test in accordance with 12.6.5.3; and

e forces required to separate the conducters from the base material in acg
p.5 after thermal stress (if applicable)(in~ accordance with 12.6.5.1 and
ioning in accordance with 12.6.5.6.

re to:
en conditioning temperature'(t,) used in accordance with 12.6.5.6;

 presence of any loosening, wrinkles, cracks, blisters, or delamination in the
tion material after 240-hours oven conditioning or cooling to room temperature;

onductors or

6.5.1;

vith 12.6.5.2,
pjected to the

ordance with
before oven

cord and report the following test data for samples subjected to 240-hours oven conditioning

conductors or

c) Materials used.for supplemental reinforcement, attached to the samples after thermal stress and

240-Hours ovenseonditioning, before being subjected to the bond strength test in ac¢ordance with
12.6.%.5; and

d) The. forces required to separate the conductors from the base material in acqordance with
12.6.5-10=fter240-rours overrcornditioning at temperature 3.

12.6.6.4 Record and report the following test data for samples subjected to 1344-hours oven
conditioning at temperature t;:

a) Ov

en conditioning temperature (t3) used in accordance with 12.6.5.7;

b) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation materials after 1344-hours oven conditioning or cooling to room temperature;

c) Materials used for supplemental reinforcement, attached to the construction or FMIC samples
after thermal stress and 1344-hours oven conditioning, before being subjected to the bond strength
testin 12.6.5.5; and

d) The forces required to separate the conductors from the base material in accordance with
12.6.5.11, after 1344-hours oven conditioning at temperature t;.
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12.6.6.5 Indicate if the bond strength was conducted manually in accordance with the Exception to
12.6.5.5. If the bond strength test was conducted manually in accordance with the Exception to 12.6.5.5,
the forces required to separate the conductors from the base material in 12.6.5.5, 12.6.5.11, and 12.6.5.12
shall be noted as being obtained manually.

12.6.6.6 Calculate the average bond strength in force per unit width (Ibf/inch; N/mm) for the forces
recorded in:

a) 12.6.6.2(d), after thermal stress and before 240-hours or 1344-hours oven conditioning, for each
corresponding conductor average width;

b) 12.6.6.3(d), after thermal stress and 240-hours oven conditioning, for each corresponding
conduftor average width; and

c) 126.6.4(d), after thermal stress and 1344-hours oven conditioning, for each” cprresponding
condugtor average width.

12.7 Condyctive paste adhesion test
12.7.1 Purpgose

12.7.1.1  The purpose of this test method is to provide a consistent‘procedure for assessing the physical
endurance apd adhesion of conductive paste and polymer thick“film type conductors applied on film,
adhesive, bage material, conductor, bonding film, cover material, laminate, prepreg, and othe?insulation or
conductor mdterial in the FMIC following exposure to thermal'cycling, including thermal condifioning, water
immersion, cpld, and high humidity environments. The-{est is designed to assess physical fatigue and
adhesion of cpnductive paste type conductors of test samples exposed to environmental stredses.

12.7.2 Compliance criteria

12.7.2.1  There shall be no evidence of the plating, protective plating, or the conductor pattern being
removed as shown by conductor pattern'particles adhering to the pressure-sensitive cellophape tape.

Note — When smiall particles of conductor.material adhere to the pressure-sensitive cellophane tape, it may be evidepce of overhang
and not non-compliant conductive paste adhesion.

or any delanination ~witinkling, cracking, blistering, or loosening of any film, adhesive, base material,
bonding film,|cover‘material, dielectric material, laminate, prepreg, and/or other insulation material as a
result of the thermal*cycling or cooling.

12.7.2.2 There shall betno'presence of any wrinkling, cracking, blistering, or loosening of a£/ conductor,

12.7.3 Test samples

12.7.3.1 Three (3) samples, representing a minimum build-up construction, shall include all material
components in accordance with Materials, Section 8; and, for the desired constructions, as described in
FMIC Constructions, Section 9. If test samples are provided with overcoat or covercoat, three additional
samples with the same conductor pattern, without overcoat or covercoat shall be provided. See 12.7.3.7.

12.7.3.2 A representative conductor pattern is shown in Figure 12.8.

12.7.3.3 The conductor pattern on the conductive paste adhesion test samples shall reflect the
conductors pattern submitted for the Bond strength test, 12.6.

12.7.3.4 External conductors of the initial minimum weight with the maximum amount of plating or
printing intended for production shall be provided for test.
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12.7.3.5 Conductors on the samples for the conductive paste adhesion test shall be continuous, and
may be tapered at one end.

12.7.3.6 Conductor material shall be applied on each of the surfaces to which it will be applied in
production. Each of the material surfaces including conductor material on film, adhesive, base material,
conductor, cover material, coating, dielectric material, industrial laminate, prepreg, or other insulation or
conductor material are subject to the conductive paste adhesion test.

12.7.3.7 Each covercoat or overcoat material shall be applied over each type of conductor material. If a
conductive paste material is to be covered or encapsulated with a covercoat or overcoat material, each
covercoat or overcoat material shall be applied over each type of conductor material and shall be subject
to the conductive paste adhesion test

Exception: If
paste adhes
test, the con
process and

12.7.3.8 E4
conductor m
covercoat on

test samples representative of an construction and process are subject o’ th
on test without covercoat or overcoat material applied over the conductformate
ductive paste adhesion test need not be repeated for representative.samples
construction with cover coat or overcoat materials.

ch combination of covercoat and overcoat material shalkbe applied, over
aterial. If a conductive paste material is to be covered or gncapsulated with a ¢

over each type of conductor material and shall be subject to the eonductive paste adhesion tg

Exception: If
paste adhes
test, the corl
process and

12.7.3.9 Cqg
conductive p

q

]

12.7.3.10

12.7.3.11
production.

J

[«

.

12.7.3.12
holes filled W

test samples representative of an constructionrand process are subject to th
on test without covercoat or overcoat material applied over the conductor mate
ductive paste adhesion test need not be repeated for representative samples
construction with combinations of covefcoat and overcoat materials.

hste adhesion test can be conducted without obstruction of base dielectric film.

amples shall be provided-with contacts, if contacts are intended in production.

amples~shall be provided with through-holes filled with conductive material(s
ith conductive material(s) are intended in production. If constructions will be

e conductive
rial subject to
of the same

each type of
bmbination of

overcoat material, or covercoat and overcoat material, each combination shall be applied

st.

e conductive
rial subject to
of the same

ver material shall not be present on the external surfaces of the construction, so that the

amples shall be (provided with plated through-holes, if plated through-holes are intended in

), if through-
roduced with

ple shall be

conductor njaterial’ applied over through-holes filled with conductive material(s), a sa
provided with_cenductor material applied over through-holes filled with conductive material(g). See Figure

12.8.

Exception: If a sample with conductor material applied over through-holes filled with conductive material(s)
is subject to the plating adhesion test, the plating adhesion test need not be repeated on a sample without
conductor material applied over through-holes filled with the same conductive material(s).

12.7.3.13 Conductive paste adhesion testing of the minimum build-up construction shall be considered
representative of the maximum build-up construction, for investigation of the same base material and
conductor material; and, if applicable, the same overcoat or covercoat material.
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12.7.4 Apparatus or material

12.7.41 Double-faced adhesive tape or an adhesive system with an adhesive strength capable of
attaching a rigid supplemental reinforcement material to the test sample for conductive paste adhesion
testing shall be used for this test.

Note — The double-faced adhesive tape or adhesive system should be compatible with the materials used in the construction, and
should not be detrimental to or adversely affect the materials in the construction.

12.7.4.2 Arigid supplemental reinforcement material to be bonded to the test samples shall be used for
this test. The rigid supplemental reinforcement material is intended to eliminate tenting or flexing of the

sample durin

the conductive paste adhesion test.

Note — The reinf
or adversely affe

12.7.43 A
weighing 200
be used for tH

12.7.4.4 Prg
N/mm (35 15
Coated Tapes

rcement material should be compatible with the materials used in the construction, and should not'l
Ct the materials in the construction.

steel roller 80 mm £2.5 mm (3.25 inch) in diameter, 45 mm t1-mm (1.75 i
0 g +50 g (4.5 pounds) covered with rubber approximately 6 mm\(0.25 in) in th
is test.

ssure-sensitive cellophane tape, 13 mm (0.5 inch) wide;“with an adhesion of
oz/inch), as determined by the Standard Test Method for Pressure-Sensiti
Used for Electrical and Electronic Applications, ASTM D 1000, is to be used for|

Note: The adhesjve tape should be compatible with the material components’used in the construction and should ng

to or adversely a

12745 Aq

ffect the materials in the construction.

onditioning (convection) oven capable;of maintaining the specified conditioning

in accordancg with 12.7.2.2 shall be used for this test.

12746 Ad
be used for th

12747 AN
and relative h

old conditioning chamber capable of maintaining the specified conditioning temp
is test.

umidity conditioning.chamber capable of maintaining the specified conditioning
umidity shall be used for this test.

12.7.5 Prodedure

12.7.51 Su

bjectthe three samples to the Thermal stress test, 12.3.

e detrimental to

n) wide, and
ckness shall

0.38 +0.055
e Adhesive-
this test.

t be detrimental

temperature

erature shall

temperature

12.7.5.2 Ple

ce thethreesamplessubjectedtothethermatstresstestima futt=draftcircutatir

g-air oven in

accordance with 12.7.4.5, for 48 consecutive hours, maintained at a temperature determined by the
following formula:

in which:
t,isth

t1 is th

ty=(t;+10)£2

e oven conditioning temperature in °C for 48-hours oven conditioning, and

e MOT in °C of the FMIC type.
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12.7.5.3 Place the samples in a humidity conditioning oven in accordance with 12.7.4.7 maintained at a
temperature of 35.0 £2.0 °C (95.0 £3.6 °F) at 90 £5 percent RH for 64 consecutive hours, immediately
following exposure to the thermal conditioning in accordance with 12.7.5.2.

12.7.5.4 Place the samples in a cold chamber in accordance with 12.7.4.6 at 0 -2.0 °C (32.0 -3.6 °F) for
eight consecutive hours, immediately following exposure to the humidity conditioning in accordance with
12.7.5.3.

12.7.5.5 Place the samples in a humidity conditioning oven in accordance with 12.7.4.7 maintained at a
temperature of 35.0 £2.0 °C (95.0 £3.6 °F) at 90 £5 percent RH for 64 consecutive hours, immediately

following exposure to the cold conditioning in accordance with 12.7.5.4.

12.7.5.6 Ex

loosening wiinkles, cracks, blisters, or loose conductors, or delamination in the conduetors

material.

12.7.5.7 Rgpeat the environmental cycling and examination in the steps outlined in 12.7.1

two more tim

12.7.5.8 At
the sample
accordance
12.7.4.1. Th
12.7.5.2 — 1

amine the test samples using normal or corrected 20/20 vision, and record.an

presence of
or insulation

2-12.75.6

es so the samples are exposed to and examined for three complete cycles.

ach a rigid reinforcement material in accordance with 12:7.4.2 to the back-sid
not being subjected to the conductive paste adhesion test, of the sample g
ith 12.7.5.7 using double-faced adhesive tape oryan adhesive system in acq
b samples shall be subjected to the thermal eycling and examination in acg
2.7.5.6 without any supplemental reinforcement attached; a supplemental

material shal

12.7.5.9 Aq
accordance

Note — The pre
total of three ap

12.7.5.10 U

be applied to the samples only after the thefmal cycling.

ply a minimum 50 mm (2 inches) effective test length of pressure-sensitive cello
vith 12.7.4.4, on the sample reinforced'in accordance with 12.7.5.8.

lications, of the pressure-sensitivelcellophane tape can be made on new areas of the sample.

se a steel roller in agcordance with 12.7.4.2 to remove all air bubbles in the mir

e, the side of
onditioned in
ordance with
ordance with
einforcement

pbhane tape in

sure-sensitive cellophane tape shall(be ‘applied in an area on the sample so that two additional gpplications, for a

imum of 50.8

mm (2 inchgs) minimum effective test length of pressure-sensitive cellophane tape on the conductor

pattern, follo

127511 N
12.7.5.10 by
(1Tinchin5s

ving applicationof-the pressure-sensitive cellophane tape in accordance with 12

echanically-remove the pressure-sensitive cellophane tape pressed-on in acq
gripping_one end of the tape, and removing it at a rate of approximately 25.4 mm
bconds) at an angle of approximately 90 degrees to the base material.

.7.5.9.

ordance with
in 5 seconds

12.7.5.12 Examine the pressure-sensitive cellophane tape removed in accordance with 12.7.5.11 using
normal or corrected 20/20 vision, and record any presence of any plated or printed conductor pattern
material and any presence of plated or printed conductor pattern material attached to covercoat or
undercoat material adhering to the pressure-sensitive cellophane tape.

12.7.5.13 Repeat application of the pressure-sensitive cellophane tape in accordance with 12.7.5.9 and
removal of air bubbles in the effective test length in accordance with 12.7.5.10. Using new pressure-
sensitive cellophane tape for each application, repeat the steps outlined in 12.7.5.9 — 12.7.5.12 in order,
two more times. The pressure-sensitive cellophane tape shall be applied on a different untested area of
the sample each time, for a total of three applications.

12.7.6 Data collection

12.7.6.1 Record and report the following FMIC information:
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a) Solder limits of the FMIC type; and

b) MOT of the FMIC type.

12.7.6.2 The type of conductive paste material being subjected to the conductive paste adhesion test:

a) Copper;

b) Carbon;

c) Silver; or

d) Ot

[, specify

* —Plg

12.76.3 Th

a) Bag

b) Conductor material, ;

*—Plg
c) Coy
d) Co
e) Die
f) Adh
g) Oth
* — Plg

12.7.6.4 Re

a) Thg
insula

b) The

ase specify the type of material.

e material to which the conductive paste type material is applied:

e material;

Bsive; and

er, specify

cord and report the\following test data:

*

ase specify the type of conductor material.
ercoat or overcoat;
erfilm;

lectric material;

*

ase specify the type of material.

presence of\any loosening, wrinkles, cracks, blisters, or delamination in the g
ion materials prior to thermal stress or oven conditioning;

test-data collected from the thermal stress test (if applicable) in accordance with

onductors or

12.7.5.1;

conditioning temperature used in accordance with 12.7.5.2;

c) Theg

d) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation materials in accordance with 12.7.5.6, following:

1) The first cycle of environmental conditioning;
2) The second cycle of environmental conditioning; and

3) The third cycle of environmental conditioning;

e) The type of supplemental reinforcement attached to the samples in accordance with 12.7.5.8,
after environmental conditioning in accordance with 12.7.5.7 and prior to application of the
pressure-sensitive adhesive tape for the conductive paste adhesion test in accordance with
12.7.5.9;
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f) The presence of any plated or printed conductor pattern material adhering to the pressure-
sensitive cellophane tape in accordance with 12.7.5.12, for each application of pressure-sensitive
adhesive tape in accordance with 12.7.5.13, on each of the three samples, after the:

1) First application of pressure-sensitive adhesive tape;
2) Second application of pressure-sensitive adhesive tape; and

3) Third application of pressure-sensitive adhesive tape.

12.8 Coverlay test

12.8.1 Ge

12811 T
endurance o
cycling, inclu
designed to

12.8.2 Compliance criteria

12.8.2.1 TH
or any delam
material, bor
thermal cycli

12.8.3 Test

12.8.3.1 Te
with cover m
accordance

a) Fi
const

b) Fi
const

Exception: If
construction

eral

e purpose of this test method is to provide a consistent procedure for assessin
cover materials and conductors on base materials of FMIC's followifig exposy
ing thermal conditioning, water immersion, cold, and high humidity,environmen
ssess physical fatigue of test samples exposed to environmental stresses.

ere shall be no presence of any wrinkling, cracking,®listering, or loosening of a
ination, wrinkling, cracking, blistering, or loosening-of any cover material, film, a

ng or cooling.
Samples

n (10) samples shall include all material components in accordance with Materiz
pterial present on the external surfaces of the samples; and, for the desired con
vith FMIC Constructions, Section 9:

e (5) samples shall -include all material components representing a minin
ruction with cover material on the external surfaces and

e (5) samples_shall include all material components representing a maxir
ruction withsegver material on the external surfaces.

the base material, conductor, and cover material for the minimum and maxi
have been evaluated in accordance with the Standard for Polymeric Materia

) the physical
re to thermal
ts. The test is

hy conductor,
ihesive, base

ding film, dielectric material, laminate, prepreg,-or other insulation material as & result of the

Is, Section 8,
struction(s) in

hum build-up

num build-up

mum build-up
s — Industrial

Laminates,

tilament Wound Tubing. Vulcanized Fibre. and Materials Used in Printed Wirin

g Boards, UL

746E, and if the same base material, conductor, and cover material are used in the candidate construction,
within the parameter profile indices established from testing in accordance with UL 746E, then testing of
the base material and conductor material for the representative maximum build-up construction shall not

be repeated.

12.8.3.2 A representative conductor pattern is shown in Figure 12.8, as the typical bond strength test

pattern.

12.8.3.3 Conductors on the cover material test samples shall reflect the conductors submitted for the

Bond strengt

h test, 12.6.

Exception: Due to the materials thickness and copper weights used to produce the maximum build-up
construction samples, the conductor trace average widths on the maximum build-up construction samples
submitted for test can be wider than on the minimum build-up construction samples submitted for test.
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12.8.3.4 Samples shall be provided with contacts, if contacts are intended in production.

12.8.3.5 Samples shall be provided with plated through-holes if plated through-holes are intended in
production.

12.8.3.6 Samples shall be provided with through-holes filled with conductive material(s) if through-holes
filled with conductive material(s) are intended in production.

Exception: If samples with conductor material applied over through-holes filled with conductive material(s)
are subject to the cover layer test, the coverlay test need not be repeated on samples without conductor
material applied over through-holes filled with the same conductive material(s).

12.8.3.7 Samples shall be provided with conductor material applied over through:holgs filled with
conductive mpterial(s) if constructions will be produced with conductor material applied ‘Qver through-holes
filled with conductive material(s).

12.8.4 Apparatus or material

12.8.4.1 A gonditioning (convection) oven capable of maintaining the speeified conditioning temperature,
in accordancg with 12.8.5.1 shall be used for this test.

12.8.4.2 A gold conditioning chamber capable of maintaining €onditioning temperature shall be used for
this test.

12.8.4.3 A HQumidity conditioning chamber capable of \maintaining the specified conditioning|temperature
and relative humidity shall be used for this test.

12.8.4.4 A yessel capable of holding liquid water with the test samples completely immgrsed can be
used for this test.

12.8.5 Prodedure

12.8.5.1 Plgce the examined minimum and maximum build-up samples in a full-draft circulgting-air oven
in accordance with 12.8.4.1 maintained at 71.0 +2 °C (159.8 3.6 °F) for 48 consecutive hourg.

12.8.5.2 Immerse th€samples in water at 25.0 +2.0 °C (77.0 3.6 °F) for 48 consegutive hours,
immediately fpllowing exposure to the thermal conditioning in accordance with 12.8.5.1.

12.8.5.3 PIgce_the samples in a cold chamber at minus 35.0 -2.0 °C (minus 31.0 -3.6 |°F) for eight
consecutive hours, immediately following exposure to the moisture conditioning in accordance with
12.8.5.2.

12.8.5.4 Subject the samples to 40.0 +2.0 °C (104.0 £3.6 °F) at 95 — 100 percent RH for 64 consecutive
hours, immediately following exposure to the cold conditioning in accordance with 12.8.5.3.

12.8.5.5 Cool the test samples to room temperature at standard ambient laboratory conditions, following
humidity conditioning in accordance with 12.8.5.4. The samples shall be placed on a ceramic plate or tile,
hung, or racked such that the samples are not adversely affected by the mechanism used to hold or retain
the samples during cooling.

12.8.5.6 Examine the test samples using normal or corrected 20/20 vision, and record any presence of
loosening wrinkles, cracks, blisters, or delamination in the conductors or insulation material.
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12.8.6 Data collection

12.8.6.1

Record and report the following test data:

a) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation materials prior to thermal cycling; and

b) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation material in accordance with 12.8.5.6, following thermal cycling, cooling, and stabilization.

12.9 (Ambient) bend test

12.9.1 Pur

12.9.11 TH
the integrity

DOSe

e purpose of this test method is to provide a consistent procedure for bénding 2
and physical endurance of FMIC's intended for flexible and flex-tefinstall a

nd assessing
bplications at

ambient condlitions following exposure to solder limits, and solder limits and thetmal conditioning based on

the maximur
ability and p

soldering temperatures and anticipated service temperatures, via elevated temperature cond

12.9.2 Compliance criteria

12.9.2.1 FlI
delamination

material, lanjinate, prepreg, and other insulation material when subjected to the bend te

temperature.

12.9.2.2 TH
or any delar
bonding film
of the pre-co

12.9.3 Tesd

12.9.3.1 Tw
Section 8; an

a) Te
const

h operating temperature. The test is designed to provide a limited assessmen
nysical fatigue at ambient conditions of test samples exposed\to the anticipat

exible and flex-to-install constructions shall¢show no evidence of cracking
of the base material, film, adhesive, conductor, bonding film, cover mate

ere shall be no presence of any wrinkling, cracking, blistering, or loosening of a
hination, wrinkling, cracking, blistering, or loosening of any film, adhesive, b
cover material, dielectric.njaterial, laminate, prepreg, or other insulation mater|
hditioning, thermal stress, oven conditioning, or cooling.

samples

enty (20) samples shall include all material components in accordance W
d, for the‘desired construction(s) in accordance with FMIC Constructions, Sectig

n (10) samples shall include all material components representing a minir
Fuction and

of the bend-
ed production
tioning.

splitting, or
ial, dielectric
5t at ambient

nhy conductor,
ase material,
al as a result

th Materials,
n9:

num build-up

b) Ten (10) samples shall include all material components representing a maximum build-up

const

ruction.

12.9.3.2 The test samples shall include the same material components and component thickness used
to prepare the minimum and maximum build-up construction samples for the Bond strength test, 12.6.

12.9.3.3 The test sample conductor pattern is shown in Figure 12.9.
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»‘ '46.4mm (1/4 inch

<—>|25.4mm (1 inch)

Figure 12.9
(Ambient) Bend Test — Sample Configuration

3.2mm (1/8 inch) dia. hole with 1.6mm (1/16 inch) annular conductor

)

border on
sides

12.7mm (1/2 inch) wide conductor

(optional)

6.4mm (1/4 inch)

three

S5089A

Note — Figure 12

12.9.34 Sa
resistors.

229mm (9 inches)

19 drawing is not to scale.

mples shall be tested without imbedded or attached components, such as c3

12.9.4 Apparatus or material

12941 A
temperatures

12942 A
conditions sh

conditioning (convection) oven capableZ of maintaining the specified
in 12.9.5.3 and 12.9.5.4 shall be used forthis test.

5.35 mm (0.25 inch) diameter rigid* mandrel, maintained at standard ambie
bll be used for this test.

12.9.5 Prodedure

12.9.5.1 Ve

12.9.52 Su

12.9.5.3 PI3
up constructi
circulating-air

ify the 12.7 mm (1/2.nch) conductor trace average width on the samples.

bject the twenty(20) samples to the Thermal stress test, 12.3.

bn samples subjected to the thermal stress test in accordance with 12.9.5.2
oven’in accordance with 12.9.4.1, for 240 consecutive hours, maintained at a

pacitors and

conditioning

nt laboratory

ce five (5) of the minimum build-up construction samples and five (5) of the maximum build-

n a full-draft
temperature

o fallovaina £ lo-

determined b

in which:
t2 is th

t;isth

arralla
tTCTOMOwWImg oot

t, = 1.076(t,+ 288) — 273

e oven conditioning temperature in °C for 240-hours oven conditioning, and

e MOT in °C of the FMIC type.

See Table 12.2 for the 240-hours oven conditioning temperatures corresponding to the desired or
established MOT.
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12.9.5.4 Place the remaining five (5) minimum build-up construction samples and five (5) maximum
build-up construction samples subjected to the thermal stress test in accordance with 12.9.5.2 in a full-
draft circulating-air oven in accordance with 12.9.4.1, for 1344 consecutive hours, maintained at a

temperature

in which:

determined by the following formula:

t= 1.02(1,+ 288) — 273

t; is the oven conditioning temperature in °C for 1344-hours oven conditioning, and

t1 ist

e MOT in°C ofthe EMIC ’r\J/Ir_\n

See Table 1
established |

12.9.55 Cq

12.9.5.6 EX
loosening, w

12.9.5.7 Be
turns, noting
bend shall b
around the

maximized,

number of cq
set of sampl
tested with a

Note — Due to
note where the

12.9.5.8 Rq
with 12.9.5.7
around the ri

12.9.5.9 EX
loosening, w

2.2 for the 1344-hours oven conditioning temperatures corresponding_ to” th
NOT.

ol the test samples to room temperature.

amine the samples using normal or corrected 20/20 vision; and record any
finkles, cracks, blisters, or delamination in the conductors ©r insulation material.

nd a sample around a 6.35 mm (0.25 inch) diameter‘rigid mandrel for five com
where the first turn is completed, following examination in accordance with 12.9
b initiated at least 25.4 mm (1 inch) away fromithe end of the sample. Bending

andrel shall be initiated at an angle to,the mandrel, such that overlap of {
he sample is intimately wrapped onto the mandrel and previous wrap of sarn
mpletely closed turns can be easily counted. If a sample has asymmetrical con
es will be tested with a surface wrapped to the inside, and another set of sa
surface wrapped to the outside,

mple thickness or material rigidity,-six turns may be required to establish five completely closed tU
rst turn is initiated and completed.

lease the completely closed turns of the sample wrapped around the mandrel i
| without alterinigthe resulting configuration or condition of the sample due tq
pid mandrel.

amine.the sample using normal or corrected 20/20 vision, and record any
finkles; cracks, blisters, or delamination in the conductors or insulation material.

e desired or

presence of

pletely closed
.5.6. The first
bf the sample
he sample is
hple, and the
struction, one
mples will be

rns; in this case,

h accordance
the bending

presence of

Note — In the case when six turns are required to establish five completely closed turns, where the first turn was initiated and where
the first turn was completed shall be noted. Disregard examination of the sample in the area between where the first turn was initiated
and where the first turn was completed, and examine the area of the five completely closed turns following the completion of the first
turn.

12.9.5.10 Slowly and carefully flatten the sample by hand, being careful not to crease or fold the sample,
and allow the sample to relax, after examining the sample in accordance 12.9.5.9.

12.9.5.11 Examine the sample using normal or corrected 20/20 vision, and record any presence of
loosening, wrinkles, cracks, blisters, or delamination in the conductors or insulation material.

Note — In the case when six turns are required to establish five completely closed turns, where the first turn was initiated and where
the first turn was completed shall be noted. Disregard examination of the sample in the area between where the first turn was initiated
and where the first turn was completed, and examine the area of the five completely closed turns following the completion of the first
turn.
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12.9.5.12 Repeat the procedure steps outlined in 12.9.5.7 — 12.9.5.11 for the remaining samples
examined in accordance with 12.9.5.6.

12.9.6 Data

12.9.6.1

collection

Record and report the following FMIC information:

a) Solder limits of the FMIC type; and

b) MOT of the FMIC type.

12.9.6.2 Record and report the following measurement test data in accordance with 12.9.5.1: Verification

ofthe 12.7 m

12.9.6.3 Re

a) Thg
insula

b) Tes

12.9.6.4 Re|
at temperatur

a) Oven conditioning temperature (t,) used in accordarce with 12.9.5.3;

b) The
insula

Note — Disregar
completely close]

M (0.5 inch) conductor trace average width.

cord and report the following test data:

presence of any loosening, wrinkles, cracks, blisters, or delamination in the g
ion materials prior to thermal stress or oven conditioning and

[ data collected from the thermal stress test (if applicable) in aecordance with 12

cord and report the following test data for samples subjected to 240-hours oven
c t2:

presence of any loosening, wrinkles, cracks, blisters, or delamination in the g
ion materials:

1) After 240-hours oven conditioning and cooling to room temperature in acc
12.6.5.6;

2) After bending the sample around the 6.35 mm mandrel, after releasing the
the mandrel, and prier to flattening and allowing the sample to relax in acc
12.9.5.9; and

3) After bending the sample around the 6.35 mm mandrel, after releasing the
with 12.9610.

I evaluation of the sample in the area of the first completely closed turn if six turns are required
fturns.

onductors or

9.5.2.

conditioning

onductors or

prdance with

sample from
brdance with

sample from

the mandrel,yand after flattening the sample then allowing the sample to relax i accordance

to establish five

12.9.6.5 Record and report the following test data for samples subjected to 1344-hours oven
conditioning at temperature t;:

a) Ov

en conditioning temperature (t3) used in accordance with 12.9.5.4;

b) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the conductors or
insulation materials:

1) After 1344-hours oven conditioning or cooling to room temperature in accordance with

12.6.5.6;

2) After bending the sample around the 6.35 mm mandrel, after releasing the

sample from

the mandrel, and prior to flattening and allowing the sample to relax in accordance with

12.9.5.9; and
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3) After bending the sample around the 6.35 mm mandrel, after releasing the sample from
the mandrel, and after flattening the sample then allowing the sample to relax in accordance

with 12.9.5.10.

Note — Disregard evaluation of the sample in the area of the first completely closed turn, if six turns are required to establish five
completely closed turns.

12.10 Cold-bend test

12.10.1 Pu
12.10.1.1
assessing t
applications
designed to
conditions of

rpose

for
e integrity and physical endurance of FMIC's intended for flexible and

provide a limited assessment of the bend-ability and physical fatigué Jat’ low
test samples exposed to below ambient service temperature conditions.

12.10.2 Compliance criteria

12.10.2.1 H
delamination
material, lan
temperature.

12.10.2.2 T
conductor, o
material, bor]

lexible and flex-to-install constructions shall show no evidence of cracking
of the film, adhesive, base material, conductor, bonding film, cover mate
ninate, prepreg, or other insulation materials when) subjected to the bend

here shall be no presence of any wrinkling, cracking, blistering, or loos
 any delamination, wrinkling, cracking, ‘blistering, or loosening of any film, ag
ding film, cover material, dielectric material, laminate, prepreg, or other insulatig

a result of the cold conditioning.

12.10.3 Tey

12.10.3.1
8; and, for th

a) Fi
const

b) Fi
const

5t samples

Ten (10) samples shall include all material components in accordance with Matg

b desired construction(s) in accordance with FMIC Constructions, Section 9:

e (5) samples™ shall include all material components representing a minir
Fuction and

e (5) samples shall include all material components representing a maxir
ructions

bending and
flex-to-install

while at low temperature, following exposure to low temperature conditioning. The test is

temperature

, splitting, or
ial, dielectric
test at cold

bning of any
hesive, base
n material as

rials, Section

hum build-up

num build-up

12.10.3.2

“TLL 1 L T L (] L - 1 (] H
're—testsamptes—shattinclude—thesamemateriatcomponents—and—component thicknesses

used to prepare the minimum build-up construction and maximum build-up construction samples for the

Bond strengt

h test, 12.6.

12.10.3.3 The test sample conductor pattern is shown in Figure 12.10.
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4—PI 25.4mm (1 inch)

Figure 12.10
Cold-Bend Test — Sample Configuration

4mm (1/4 inch

) 3.2mm (1/8 inch) dia. hole with 1.6mm (1/16 inch)

annular ring (op
6.4mm (
sides

12.7mm (1/2 inch) wide base material

tional)

1/4 inch)

border on three

S5090D

Note — Figure 12

229mm (9 inches)

10 drawing is not to scale.

12.10.4 Apparatus or material

12.104.1 A

cold conditioning chamber capable of maintaining the'§pecified conditioning te

minus 20 £2.0 °C (minus 4.0 £3.6 °F) for a minimum of one hourhall be used for this test.

12.10.4.2 A
+3.6 °F) shall

6.35 mm (0.25 inch) diameter rigid mandrel\maintained at minus 20 +2.0 °
be used for this test.

12.10.5 Prdcedure

12.10.5.1 V

12.10.5.2 S
examination.

121053 B
turns, noting
accordance W
the sample. B
that overlap g
wrap of sam

prify the 12.7 mm (1/2 inch) conductor trace average width on the samples meas

Libject the samples to minus 20 +2.0 °C (minus 4.0 +£3.6 °F) for a minimum of 1 h

end a sample around a 6.35 mm (0.25 inch) diameter rigid mandrel for five comy
where the firstturn is completed, immediately following exposure to cold cq
ith 12.10.5.2."The first bend shall be initiated at least 25.4 mm (1 inch) away frd
ending(ofithe sample around the mandrel shall be initiated at an angle to the n
f thessample is maximized, the sample is intimately wrapped onto the mandrel
bleyahd the number of completely closed turns can be easily counted. If a

asymmetrical

conatruction aona ont of comnlac il b tactad aaith o ciefana vaeaniad o th
COTTStroCtroTT, OnC—oTT oot TC TVt oo TatT toO—trT

mperature of

C (minus 4.0

ured.

our following

letely closed
nditioning in
m the end of
andrel, such
and previous
sample has
& inside, and

TPTC S Wil DT tCo o AAAR=] >4 ~4~a >

another set of samples will be tested with a surface wrapped to the outside.

Note — Due to sample thickness or material rigidity, six turns may be required to establish five completely closed turns; in this case,
note where the first turn is initiated and completed.

12.10.5.4 Release the completely closed turns of the sample wrapped around the mandrel in
accordance with 12.10.5.3 without altering the resulting configuration or condition of the sample due to the
bending around the rigid mandrel.

12.10.5.5 Examine the sample using normal or corrected 20/20 vision, and record any presence of
loosening, wrinkles, cracks, blisters, or loose conductors, or any delamination, wrinkles, cracks, blisters, or

delamination

in the conductors or insulation material.
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Note — In the case when six turns are required to establish five completely closed turns, where the first turn was initiated and where
the first turn was completed shall be noted. Disregard examination of the sample in the area between where the first turn was initiated
and where the first turn was completed, and examine the area of the five completely closed turns following the completion of the first
turn.

12.10.5.6 Slowly and carefully flatten the sample by hand, being careful not to crease or fold the sample,
and allow the sample to relax, after examining the sample in accordance with 12.10.5.5.

12.10.5.7 Examine the sample using normal or corrected 20/20 vision, and record any presence of
loosening, wrinkles, cracks, blisters, or loose conductors, or any delamination, wrinkles, cracks, blisters, or

delamination

Note — In the case-when-si

the first turn was
and where the f
turn.

12.10.5.8 R
12.10.6 Da

12.10.6.1 H
a) So

b) MC

12.10.6.2 H
Verification o

12.10.6.3 R

a) Th
insuls

b) Th
insula

in the conductors or insulation material.

completed shall be noted. Disregard examination of the sample in the area between where the first
rst turn was completed, and examine the area of the five completely closed turns following the com

epeat the procedure steps outlined in 12.10.5.3 — 12.10.5.7 for thereémaining s3

ta collection

ecord and report the following FMIC information:
der limits of the FMIC type; and

T of the FMIC type.

ecord and report the following measurement test data in accordance w
f the 12.7 mm (0.5 inch) conductor trace average width.

ecord and report the following test data:

b presence of any loosening; wrinkles, cracks, blisters, or delamination in the
tion materials prior to the-cold conditioning;

b presence of anyloosening, wrinkles, cracks, blisters, or delamination in the
tion materials:

1) Aftercbending the sample around the 6.35 mm mandrel, after releasing the
the mandrel, and prior to flattening and allowing the sample to relax in acg
12.910°5.5; and

titiated and where

urn was initiated
bletion of the first

mples.

th 12.10.5.1:

conductors or

conductors or

sample from
ordance with

N Aftar handina-the-cambple-around-tha 625 mandral _aftar releaacsinath
et o oua—tHe-95 SnarterTereast

sample from

2-Aftes eing-the-sample S-mrm-mandrek Ag-the
the mandrel, and after flattening the sample then allowing the sample to relax i
with 12.10.5.7.

n accordance

Note — Disregard evaluation of the sample in the area of the first completely closed turn if six turns are required to establish five
completely closed turns.

12.11
12111 Pu

12.11.1.1

Repeated flexing test

rpose

The purpose of this test method is to provide a consistent procedure for limited flexing and

assessing the integrity, physical endurance, and conductor continuity of FMIC's intended for flexible
applications. The test is designed to provide a limited assessment of the flexibility and physical fatigue of
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test samples exposed to flexing in anticipated ambient service conditions, by flexing a test sample
incorporating a continuity circuit pattern.

12.11.2 Compliance criteria

12.11.2.1 Flexible constructions shall show no evidence of cracking, splitting, or delamination of the film,
adhesive, base material, conductor, bonding film, cover material, dielectric material, laminate, prepreg, or
other insulation material and the continuity circuit shall remain in a closed condition when subjected to 50
cycles of flexing to 180 degrees about a rigid 6.4 mm (1/4 inch) mandrel at standard laboratory ambient

conditions.
12.11.3 Tes

12.11.31 F
for the desire

a) Tw
constn

b) Tw
constn

121132 T
used to prep
12.6.

121133 T
sample with g

tsamples

pur (4) samples shall include all material components, in accordance with Mate
j construction(s) in accordance with FMIC Constructions, Section 9:

0 (2) samples shall include all material components representing a minin
uction and

O (2) samples shall include all material components représenting a maxin
uction.

ne test samples shall include the same material cémponents and component
are the minimum and maximum build-up construction samples for the Bond

ne test sample conductor pattern without:cover material is shown in Figure 12.11
over material is shown in Figure 12:12/

Figure 12.11
Repeated Flexing Test +' Sample Configuration (Without Cover Material)

rials, 8; and,

um build-up

um build-up

thicknessses
strength test,

and the test

1 6.4 mm (1/4 inchy 3.2 mm (1/8 inch) diameter hole - optional
1.6 mm (1/16 inch) annular ring condictor - optional
/71 .6 £0.13 mm (1/16 inch) serpentine conductor
b 254 mm (1 inch)
<—>‘ 25.4 mm (1 inch) 25.4 mm (1 inch)
229 mm (9 inches)

su1191

Note — Figure 12.11 drawing is not to scale.
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Figure 12.12
Repeated Flexing Test — Sample Configuration (With Cover Material)

3.2 mm (1/8 inch) diameter hole - optional
1.6 mm (1/16 inch) annular ring conductor - optional

Opening in coverlay for test lead attachment
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Note — Figure 12.12 drawing is not to scale.

12.11.3.4 Singlelayer Constructions. See Singlelayer, 12.1.3.2.
12.11.3.5 Multilayer Constructions. See Multilayer, 12.1.3.3.

12.11.3.6 Stiffener material may be adhered to test samplés, in order to provide additional feinforcement
to the end of the sample where the test weight shall bethung from. When additional stiffenfer material is
added, care ghall be taken to retain clearance for the test lead attachment, and excessive weight shall not
be imposed by the additional stiffener material.

12.11.4 Apparatus or material

12.11.4.1 A device capable of imposing a detector current and identifying an open cpndition of a
continuity cirguit shall be used for this'test.

12.11.4.2 Two 12.7 mm (0.50 inch) diameter rigid mandrels, maintained parallel, at a fljxed distance
apart, maintgined at standard.ambient laboratory conditions shall be used for this test.

12.11.4.3 A minimumweight of 213 g (0.47 Ibf) is to be hung from the bottom of the test sample for this
test. The weight hung from the test sample is not to exceed the maximum weight of 241 g (0.53 Ibf),

including any clamp or wire used to hang the weight from the test sample. For referee purpdses, a weight
of 227 +14 g (ﬂ 51bf+0 5 n7) shall be hung from the bottom of the test sample far this test

12.11.5 Procedure

12.11.5.1 Verify the equally spaced 1.6 mm (1/16 inch) serpentine conductor trace average widths on the
samples.

12.11.5.2 Place one of the samples between two parallel 12.7 mm (0.50 inch) diameter rigid mandrels,
with 0.8 mm (1/32 inch) clearance on each side of the sample, so the longitudinal axis of the sample is
perpendicular to the parallel mandrels and the surfaces of the sample are parallel to the mandrels. Attach
a weight of 227 +14 g (0.5 Ibf £0.5 o0z) to the bottom of the test sample, and allow the weight to hang freely
so the bottom of the test sample is at least 25.4 mm (1 inch) below the two mandrels. See Figure 12.13.
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