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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 g

14 The s
constructions
board intercd

1.5 The su
Stiffener ang
Flammability|
requirementg
requirements

1.6 The req
796.

1.7 The e\
processes, C
Standard bas

1.8 For con

* The

facturer safatvv anaineers-and-otherinterested-narties.
FHaGtH-8H-SaHety-8hRgi FS—aRG-oHe e 8 G-pPaHeS-

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 acg
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 investid

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

aluation of printed wiring boards that are produced using additive manufg
pmmonly referred to as 3D.printing, are to be evaluated under the appropriate g
bed on the board application.

structions and materials not specifically addressed in this Standard:

printed wiring*board should provide safeguards not less than that generally af

documnent and:the principles of safety contained herein. This includes printed wirin

techn
Speci

plogies,-materials, or methods of construction, including the manufacturing
ically addressed in this document.

for use as a

X composite
rial, with mid-

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

y Boards, UL

cturing (AM)
lauses of this

orded by this
) boards with
process, not

* Propose for discussion with the

requirements to address a new situation in a timely manner.

2 Units of Measurement

2.1
approximate

information.

3 Supplementary Test Procedures

3.1
standards:

Technical Committee the need for additional detailed

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

These requirements are intended to be used in conjunction with the following requirements or
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4 Referencgs

4.1
interpreted ag referring to the latest edition of that code or standard.

4.2 The follpwing publications are referenced in this standard:

a) The Standard for Polymeric Materials — Short Term Property Evaluations, UL 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.

fa¥H =l =l £ Dsiiad pu | AL s n pu | L1l o JaVal 4la H.-
C) Tt oStandgard—ror—r rmea— virmg—Doaras, oL 7 J0,; CoversS—tne—mifmmumy performance

requirements for rigid printed wiring boards.

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

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

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

ASTM D 1000 — Standard Test Methods for.Pressure-Sensitive Adhesive-Coated Tapes Used for
Electrical and Electronic Applications.

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

ASTM D 5423 — Standard Specification for Forced-Convection Laboratory Ovens for Evaluation of
Electrical Insulation.

ASTM D 618 — Standard Practice for Conditioning Plastics for Testing
ASTME 3 — Stahdard Practice for Preparation of Metallographic Specimens.

IPC TM-650:2:1.1 — Microsectioning, Manual and Semi or Automatic Method.

1ISO 291°= Plastics — Standard Atmospheres for (‘nndifinning and Testing

5 General

5.1

Acceptability of an FMIC in a device or appliance depends on the acceptability of the construction for:

a) Continued use under actual service conditions, including the maximum operating temperature
(MOT);

b) Flammability properties; and

c) All other applicable end-product requirements.
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5.2 The investigation of an FMIC shall include consideration of the conductor properties, such as weight
(thickness), minimum midboard and edge width, and maximum ground plane area, and shall include the
conductor forming and materials build-up processes including solder limits.

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.

!

55 An FM
applications,

54 IfanF shall involve

only flamma

IC is entitled with flammability classification only, the acceptability of the FMI(
lity tests. See Flammability tests, 12.15.

C entitled flexible is intended for use where the construction is subject to dy
yet the flexural endurance of the construction has not been evaluated:

hamic flexing

nstallation or
t the flexural

C entitled flex-to-install is intended for use where the construction is flexed for
) and shall not be subject to dynamic or repeated flexing applications, ye
the construction has not been evaluated.

5.6 An FMI
service (only
endurance o

5.7 An FMIC entitled rigid is intended for use where the construction is not flexed or subje]
or repeated flexing applications.

ct to dynamic

5.8 Multilay
multilayer fle

er rigid flex composite constructions may include single-sided, double-sided, si
kible, flex-to-install, and rigid constructions in various sections of an FMIC.

hglelayer and

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

S HOLE - Holes on.the same axis through successive layers of materials intend
surface of the lahd on an inner conductor layer of a multilayer category constru

VE PROCESS — A selective or non-selective process used to deposit a pattern
h clad orunclad base material.

ed to provide
Ction.

of conductor

6.4 ADD-ON COMPONENT - Discrete, integrated, packaged, or chip components that a
an FMIC to fu-nefea—es—peﬁ-ef—a—eemple%&eufeeﬂ-ef-assembly—yle

attached to

6.5 ADHESIVE - A substance such as glue or cement used to join, bond, or fasten materials or objects

together.

6.6 AS-RECEIVED - Samples or samples in an unconditioned state, prior to being subject to

conditioning,

or without a history of conditioning.

6.7 ASSEMBLY - Various parts, subassemblies, and combinations thereof, joined together.

6.8 BARE BOARD — An unpopulated FMIC without add-on or embedded components or assemblies.

6.9 BASE DIELECTRIC MATERIAL — An organic or inorganic dielectric barrier material, used to support
conductor material.
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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.

AN LA

6.14 BOND
multilayer fle
freefilm. See
Bonding Film

6.15 BOND
constructions

6.16 BOND
6.17 BUILD

6.18 BUILD,
indicated, the)
or external cg

6.19 BURIE

6.20 CALCLl
component th
or from anoth

6.21 CAST
require a “mu
6.22 CIRCU

6.23 CIRC\

Tla 1 £ Lans ol b lo U H & 1 ol H 1
INO TTEIVIE  TTIC 1dyTlh Ul TTToulatiulT  ustTU U DUTTU  UISUITIT IdyTro  UuUriiTtg 1

kible printed wiring board constructions. A general term used to describe
also Bond Ply 6.16, Supported Bonding Film, 6.162, Freefilm, 6.87,(and
6.174.

NG LAYER — An adhesive layer used to bond discrete layers’ of multila
during lamination.

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

LUP THICKNESS — Overall thickness of a ‘combination of materials. Unle
build-up thickness will refer to the overallthickness in the area of an FMIC whe
nductor material resides.

D VIA — A via that does not extendto the surface of an FMIC construction.

JLATED THICKNESS - A jthickness value determined by adding sugges
icknesses, or a thickness yalue determined by adding or subtracting one meas
er measured value.

ON COPPER +Resin is cast onto copper and then polymerized (cured). The
tilayer” resinito .manufacture a double-sided clad material.

IT — Eléctrical devices and elements interconnected to perform a desired electri

ITRY LAYER — Conductor layer or plane in or on an FMIC construction or printe

mination of
bondply and
Unsupported

yer category

5s otherwise
e no internal

ted material

ired value to

process may

tal function.

 board.

6.24

6.25

electrical properties. See Conductive Foil, 6.30.

CLAD MATERIAL — Base material or base dielectric material with conductor material attached.

CLADDING - A deposited or plated metallic layer or laminated foil used for its protective and/or

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

6.27 COMPONENT — An individual or combination of parts intended to perform a desired function.

6.28 CONDITIONING — The time related exposure of test samples to a specified environment for a
period of time, prior to or after testing, and before evaluation.
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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 CONQG

6.34 CONL
material, or 4

6.35 CONILO

6.36 CONLO

ok A—d ol 1 dat b b H ol & 4k
VI A TTALT U palll TUT TITULUICIy U U anositm it a CUTTUUGLIUT YdtlctTl.

UCTOR ADHESIVE - Adhesive material used to attach conductor~materi
ase dielectric material.

UCTOR AVERAGE TRACE WIDTH — The average width of a length’ of conduct

UCTOR BASE WIDTH — The width of a conductor at the interface of the cond

and base material. See Conductor Width, 6.44.

6.37 CONIO
material. Thi

6.38 CONQ
used for circ
carbon pastg

6.39 CONIL
material, incl

6.40 CONL

6.41 CONL
coatings, ex(

6.42 CONL

6.43 CONL

UCTOR LAYER - The total conductive pattern formed on one side of a single |2
5 may include all or a portion of ground and voltage planes.

UCTOR MATERIAL — An organic or inofganic substance capable of transmitt
Lit conductors, including but not limited.fo copper, tin, nickel, gold, copper paste

, ruthenium oxide paste, etc.

UCTOR PATTERN — The pathy-design, or configuration of conductor materia
Liding but not limited to condactor 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.

UCTOR.TRACE - A linear conductor path of a conductor circuit.

UCTOR WEIGHT — See Conductor Thickness, 6.41.

Bl to a base

Dr trace.

ictor material

yer of a base

ng electricity,
. silver paste,

on the base

ic platings or

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

6.45 CONFORMAL COATING — An insulating, environmentally protective coating capable of conforming
to the objects coated.

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

6.47 CONSTRUCTION — A variation in flexible materials build-up, including but not limited to film,
adhesive, base material, bonding film, cover material, dielectric material, laminate, prepreg, or other
insulation materials. Variations include singlelayer, multilayer, flexible, flex-to-install, rigid, and multilayer
flex-rigid composite constructions.
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6.48 CONTACT FINGER - A conductive surface used to provide electrical connection by pressure

contact, usua

lly 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

6.52 COVE
permanent di

6.53 COVE
a)Ah
b) Seq
c)Ac
See Cover M
6.54 COVE

See Cover M

6.55 COVE

6.56 COVE
flexible circuif

6.57 CRITI(
to the materig

RCOAT — A material deposited as a liquid onto the circuitry that subsedquentl
blectric coating. See Cover Material, 6.56.

RFILM — A film made from:
bmogenous, single component chemistry;
arate layers of generically similar chemistries; or

bmposite blend of chemistries.
bterial, 6.56.

RLAY— Film and adhesive made fromtseparate layers of generically different
hterial, 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 OPERATIQN = Production process or fabrication step considered potentiall
Is subject ta.the operation.

6.58 CURR

between the Tnds of the conductive path.

ENT —TFhe flow or movement of electrons in a conductor as a result of a volta

becomes a

chemistries.

ommonly for

y detrimental

je difference

6.59 DECLAD - A dielectric material from which the foil or conductive material has been removed by
etching or other means.

6.60 DELAMINATION — A planar separation of materials (i.e., separation between conductor and base
material, bonding film and base material, cover material and conductor, etc.).

6.61

agent, maintained at a relative humidity not exceeding 20 percent at 23 +2 °C (73.4 £3.6 °F).

DESICCATOR — A sealable enclosure containing anhydrous calcium chloride, or other drying

6.62 DIELECTRIC — A material capable of high resistance to the flow of electrical current and capable of
being polarized by electric field.

6.63 DOUBLE-SIDED — A singlelayer construction or printed wiring board with a conductive layer on the
two external sides of the base material. Sometimes referred to as di-clad.
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6.64 EDGE CONDUCTOR - A conductor parallel with and spaced not more than 0.40 mm (0.015 inch)
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.

6.68 EMBEHBDEBD-COMPONENT=Adiscretecomponrentintegrated-into-the FvHC-during-fabrication.

6.69 END-PRODUCT - An individual part or assembly in its final completed state. See EndiUse Product,
6.70.

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

6.71 ETCHANT — A solution used to remove the unwanted portions 6f material from a bage material or
FMIC constriiction by a chemical reaction.

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

6.73 ETCHING — The chemical, or chemical and electrolytic, removal of unwanted portions|of conductive
or resistive material.

6.74 EXTERNAL LAYER - The conductor pattern on the external surface of the constructiop.

6.75 FABR]CATOR — A manufacturer;.aliernate manufacturer, subcontractor, or multi-site processor who
may form th¢ pattern of conductive material, laminate, coat, or process the materials for pfoduction of a
printed wiring board or FMIC.

6.76 FILLEJT — Material used;to fill the corner or angle created, where two materials are joing¢d.

6.77 FILM - A sheet,Ahin 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 uge where the
construction shall be evaluated for flammability classification only, and the thermal, mechanical, and
electrical capacity of the materials is not of concern and only the flammability classification of the resulting
FMIC is of concern in the end-use product.

6.79 FLAT (PANEL) — Any number of printed wiring board constructions or FMIC's assembled together in
a sheet, usually with a frame around the side, when shipped from the FMIC manufacturer.

6.80 FLEXIBLE INTERCONNECT CONSTRUCTION — A sub-category construction intended for use
where some portion of the construction shall be subject to flexing in the end-use product application.

6.81 FLEXIBLE MATERIALS INTERCONNECT CONSTRUCTION (FMIC) — An assembly of printed
wiring board constructions, and stiffener and adhesive material, where the assembly is intended for
component mounting and interconnection purposes.


https://ulnorm.com/api/?name=UL 796F 2023.pdf

12 UL 796F OCTOBER 6, 2023

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 flux, and water soluble organic flux.

6.85 FMIC -

See Flexible Materials Interconnect Construction (FMIC), 6.81.

6.86 FOIL L
insulating ma

6.87 FREEF
printed wiring

6.88 FULLY
isolated cond

6.89 GRAD
or vendor.

6.90 GROU

6.91 GROU
6.92 HEATS
dissipating hg

6.93 HEATS
intended to d

6.94 HIGH
conductor m3
production of]
examples of
materials, ph

erial.

FILM — An adhesive layer used to bond discrete layers during lamination of mult
board constructions. See Bonding Film, 6.14, and Unsupported Bonding Film, 6

FADDITIVE PROCESS — A fabrication process where the“entire thickness ¢
Lictors is obtained by electroless deposition.

E — A designation arbitrarily assigned to a material/by the material manufactur

ND- A common reference point for conductor circuits.
ND PLANE — A conductor plane used/as a common reference point for conducta

BINK — A device made of high, thermal conductivity and low specific heat materi
at generated by a componentor 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 usé

microvias using sequential build-up and related multilayer interconnect techno

AMINATION — A process for bonding a conductive foil to a base dielectric matlerial or other

layer flexible
L174.

f electrically

pr, converter,

r circuits.

bl capable of

heat material

d to support

terials requiring mechanical strength from a separate core material and are int¢nded for the

ogies. Some

HDI| materials: resin coated copper foil (RCF), liquid photoimageable (LPI) diel
ptoimageable film dielectric coating materials, and other thin insulating material

to support cor

6.95

steps required to fabricate an FMIC.

6.96

ctric coating
when used

IDENTICAL PROCESSING — Production or fabrication processes with the same manufacturing

IMMERSION SILVER - Consists of a very thin coating typically less than 0.55 microns (0.0217 mils)

of nearly pure silver created by galvanic displacement and may contain a slight amount of organic material
deposited with the silver.

6.97

cloth) in the specified material and are not intended as part of the material formulation.

6.98

primary source of energy.

INCLUSIONS - Foreign particles, metallic or nonmetallic, entrapped (cannot be wiped off with a

INFRARED REFLOW (IR) — Melting of tin/lead or remelting of solder using infrared heat as the
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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.

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.

6.103 LAMINATE THICKNESS — The thickness of the dielectric material (not including adhesive

thickness) in

6.104 LAM
FMIC's and

6.105 LAN
connected.

6.106 LAY

H 1 FX | ol lal R D Lol bl alaal lo + |
d SHNYIC=olutU Ul UUUDIT=SIUTU SITTYITIAyTT TTITlAl-LUidU UdotT TTidteTial.

NATING ADHESIVE — A thin film, coating, or membrane material used te\lamin
rinted wiring boards.

D — Part of the conductor pattern, usually where components™‘are attached,

ER-TO-LAYER SPACING — The thickness of dielectric material between adjac

planes (i.e., the physical distance between adjacent conductor planes).

6.107 LEG

END INK — See Marking Ink, 6.108.

6.108 MARKING INK — A non-conductive permanent(coating, resistant to solvents and ch

to provide a
component |

6.109 MA

in Figure 12
pattern. The

means of identification in the form of\letters, numbers, symbols and patter
bcations and orientation to aid in printed wiring board assembly.

|6 represents the maximuna ,area conductor diameter acceptable for any FM
maximum area conductor diameter is determined by inscribing and measurin

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

6.110 MAX
the FMIC m4

6.111 MET,
both sides w

MUM OPERAFING TEMPERATURE (MOT) — The maximum continuous use
y be exposed.\toUnder normal operating conditions.

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

ate multilayer

mounted, or

bnt conductor

bmicals, used
hs to identify

IMUM AREA DIAMETER (MAD)= The solid, unpierced circle of conductive material depicted

IC conductor
g the largest

temperature

rial on one or

6.112 MID
a printed wiri

OARD CONDUCTOR — A conductor spaced more than 0.4 mm (0.076 inch) from the edge of

ng board.

6.113 MINIMUM CONDUCTOR WIDTH — The minimum width conductor present on the sample or
production printed wiring board. See Conductor Base Width, 6.36.

6.114 MIXED COMPONENT-MOUNTING TECHNOLOGY

A component

incorporating both through-hole and surface mounting on the same FMIC.

mounting process

6.115 MIXED TECHNOLOGY — A component mounting process incorporating both through-hole and
surface mounting on one side of the same FMIC.
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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.

6.119 PATT
material.

6.120 PERHR
given electric

6.121

6.122 PER
life of the pro

6.123 PLAT]
double sided
material on th

6.124 PLAT
conductive pa

6.125 PLAT
material takin

6.126 PLUC
blind vias, etq
spraying, or n

6.127 POLY
Paste, 6.31.

PERMANENT MATERIALS — Materials intended to be a part of the KMIC for the life o

ORMANCE LEVEL CATEGORIES (PLC) — An integer defining a range 'of test
bl or mechanical property test.

ANENT RESIST — A solder resist or mask material intended to be a part of the
uct.

ED-THROUGH HOLE — A connection between.different planes of conductor
or on or in multilayer FMIC's, by means of\a’ plating process that deposits
e side of a hole.

ttern.

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

bGED-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

6.128 PREF
resin).

ise dielectric

values for a

the product.

FMIC, for the

patterns on
a conductor

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

se dielectric

bs, buried or
J, screening,

Conductive

REe—A f . . . . "

age (B-stage

6.129 PRIMARY STAGE OF MANUFACTURE - The point in time when the product is ready for
inspection prior to shipment.

6.130 PRINTED BOARD - See Printed Circuit Board, 6.131, and Printed Wiring Board, 6.135.

6.131

PRINTED CIRCUIT BOARD — A printed board produced from rigid industrial laminate material that

provides point-to-point connections and printed components in a predetermined arrangement. See the
Standard for Printed Wiring Boards, UL 796. See also Printed Wiring Board, 6.135, and Printed Board,
6.130.
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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.

6.136 PRIN

6.137 PRO

6.138 PRO
products.

6.139 REIN
enhancing th

6.140 REL
of critical prg
reasonable |
correspondin

6.141 RES
(one pass) o
stage resin.

foil and B-st3

6.142 RES
a pattern fro
after procesg

6.143 RIGI
be subject to

TING — Reproducing a pattern on a surface by any process.
DUCTION BOARD — A complete fabricated FMIC intended for shipment.

DUCTION PROCESS - Fabrication process used to produce. FMIC's intende

FORCEMENT MATERIAL — Any material (i.e. fibrous, continuous, sheet, etq
e base material mechanical or physical performance.

ATIVE THERMAL INDEX (RTI) — Maximum service temperature for a material,
perty will not be unacceptably compromised-through chemical thermal degradg
fe of an electrical product, relative to a reference material having a confirme
g performance defined RTI.

N COATED COPPER FOIL (REF) — Metal foil coated with unreinforced 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 ofthe C-stage resin.

ST COATING ~A_material supplied in liquid or film form to mask or protect sels
M the effects.of-an etchant, solder, or plating and which remains on the printeg

ing.

D — Atsub-category construction intended for use where no portion of the cons
flexing, bending, or flex-to-install in the end-use product application.

i for end-use

.) capable of

wvhere a class
tion, over the
, acceptable

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

cted areas of
wiring board

btruction shall

6.144 RIGID INDUSTRIAL LAMINATE - Fibrous reinforcement material impregnated or coated with a
thermosetting resin binder, and consolidated under high temperature and pressure into a dense solid
product.

6.145 RIGID PRINTED WIRING BOARD — A printed wiring board produced from rigid base dielectric
materials.

6.146 ROLL MATERIAL — Flexible materials supplied on a supporting core for the purposes of offwinding
for further processing.

6.147 SAMPLE — A test vehicle which may be a production printed wiring board, or a portion there of, or
a coupon.
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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.

6.149A SHIELDING MATERIAL — A material, usually electrically conductive, that reduces the interaction
of electric or magnetic fields upon devices, circuits, or portions of circuits. Shielding properties shall be

evaluated during the end product investigation.

6.150 SILV

6.151 SING
dielectric ma
conductor pl3g

6.152 SING
external side

6.153 SOLI
6.154 SOL[

6.155 SOLL
areas during

6.156 SOLL
components

but is not limifed to reflow, wave, selective-soldering or other equivalent soldering techniques.

6.157 SOLI

soldering iron.

6.158 SOLL
components
components
thermal profil
but excludes

LELAYER - Singlelayer constructions are double-sided constructions (with
erials(s) separating the conductor planes, and single-sided constructions
ne on one side of a dielectric material(s).

LE-SIDED — An FMIC construction or printed wiring board with a conductive
pf the base material(s).

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

ER RESIST - A coating material intended-to prevent deposition of solder u
Solder operations.

ERING - ASSEMBLY SOLDERING PROCESS - The process used f
0 a printed wiring board during.the assembly process. The soldering process

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

ERING - SELECTIVE SOLDERING - An automated process used fi
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]

bne layer of
vith a single

ayer on one

bon selected

pr soldering
may include

sually with a

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

e \ Ny o Qalant Oalday Ty,
TOTC vV vavCOoOTCITCCTOoOOIaCT T OO

|l ocar arlaa H

niaina _and
e TS arta T

oint-to-Point

of Selective Seldering-are

Sald H MNMicio.
CoaSCTooiaCTgy v o

Robotic Soldering.

6.159 SPUTTERED ON — Metallized pre-polymerized (cured) film. Typically the resin is a thermoset, but
may be a thermoplastic.

6.160 STIFFENER — An organic or inorganic material used to provide support or strength to part of an
FMIC.
6.161 SUBSTRATE — See Core Material, 6.51.

6.162 SUPPORTED BONDING FILM — A combination of film with integral adhesive on two sides, and a

dielectric material used to bond discrete layers during lamination of multilayer category constructions,
FMIC's, and printed wiring boards. See Bond ply, 6.16, and Bonding Film, 6.14.
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6.163 SURFACE FINISH — See 6.166, Surface Plating.

6.164 SURFACE MOUNT COMPONENT — A leaded or leadless component capable of 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 TEMPERATORETFRO —Thedepictiomrof-temperatures—a—setectpot averses as it passes
through a pracess involving multiple temperatures and dwell times.

6.168 TEST PATTERN - The conductor pattern intended for test and inspection purposes.

6.169 TEST SAMPLE — A complete (or portion of a) production FMIC, a complete (or portipn of a) panel
of FMIC's, qr a coupon or panel of coupons (or a portion thereof) formed by the FMIC production
processes inforporating specific features.

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

6.171 UNDIERCOAT - A thin coating or membrane material between conductor planes int¢nded for use
as a dielectr|c material, used to cover a conductive pattern on a base material, or some pagrtion thereof,
and conduct¢r material is applied to the exposed undercoat surface.

6.172 UL/ANSI TYPE MATERIAL — A specifictype designation for materials defined in thg 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 — Flex|ble Dielectric
Film Materials For Use In Printed Wiring Boards and Flexible Materials Interconnect Consgtructions, UL
746F, as havjng certain base material, fesin, thermal index and profiles of minimum performahce.

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

6.174 UNSJUPPORTED-BONDING FILM — A coating or membrane adhesive material Yised to bond
discrete layers duringJamination of multilayer category constructions, FMIC's, and printed wiring boards.
See Bonding Filmy6*14, and Freefilm, 6.87.

6.175 VIA —ATonductor ptatedthrougt-hote, imwti ere s o mtenttomsertacomponent lead or
other reinforcement material, for interlayer connection of conductor planes. See also Blind Via, 6.12, and
Buried Via, 6.19.

6.176 VOID — The absence of metallic or nonmetallic substance in a localized area, in or on an FMIC.

6.177 X-AXIS — A reference axis, usually horizontal or left-to-right direction in a two dimension
coordinate system. The x and y axes are usually perpendicular to one another in a two or three dimension
coordinate system.

6.178 Y-AXIS — A reference axis, usually vertical or bottom-to-top direction in a two dimension
coordinate system. The x and y axes are usually perpendicular to one another in a two or three dimension
coordinate system.
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6.179 Z-AXIS — The axis perpendicular to the plane created by the x and y reference axes. This axis
usually refers to the thickness of an FMIC.

7 Abbreviations

7.1 The acronym FMIC appears throughout the Standard, and stands for "Flexible Materials Interconnect
Construction." See 6.80 for the definition of FMIC.

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 acronymMOT—appears—throtughout—the—Standard;—and—stands—for—Maximum Operating
Temperature | See 6.110 for the definition of MOT.

7.4 The acrpnym RTI appears throughout the Standard, and stands for "Relative, Therma| Index." See
6.140 for the fefinition of RTI.

CONSTRUCTION

8 Materials|

8.1 General
8.1.1 FlexibJe materials shall be defined as materials exhibiting flexible properties.
8.1.2 Each [combination of materials, and each applicable material component, film, adpesive, base

material, con
and other ing
intended con{

Exception: F
maximum bu
indices to the
Flexible Diele
Repeated fle
and Flammah

8.1.3 FMIC
material, for ¢

juctor material, bonding film, cover.imaterial, dielectric material, laminate, prep
ulation material in a fabricated EMIC shall be determined to be acceptable f
struction (sub-category) application.

pr the intended application, if the applicable material combinations, in the n
ild-up construction have previously been evaluated with representative para
applicable testing-requirements in accordance with the Standard for Polymeri
ctric Film Materials, UL 746F, then the (Ambient) bend test, 12.9; Cold-bend tes
king test, 12.41;"heed 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 manufacturer and each diffe
ach,material component, except as described in 8.1.9.

eg, stiffener,
pr use in the

pinimum and
meter profile
c Materials —
t, 12.10; and
by test, 12.8;
e FMIC type.

ent grade of

8.1.4 Each material component shall be identified by the manufacturer, grade designation, and generic
material type (i.e. polyimide, polyester, epoxy, acrylic, copper, etc.).

8.1.5 The material components, in an as-received condition, shall be free of defects such as unevenness
in the base dielectric material, non-uniformity in any fabric weave or exposure of fibers or threads if
applicable, and shall be evenly coated, without pinholes, blisters, voids.

8.1.6 If a difference in a grade designation or catalog number of the same material reflects a minor
change such as a change of color or a different manufacturing location for the same supplier, and the
difference or minor change does not affect the material performance profile indices, samples need not be
provided for both materials and a separate unique Type designation is not required for the FMIC type.
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8.1.7 Film, adhesive, base material, bonding film, cover material, dielectric material, coating, laminate,
prepreg, stiffener, and other insulation material used as a base material and/or dielectric barrier, in an
FMIC shall have acceptable electrical and mechanical relative temperature indices and direct support
performance properties at or above the MOT of the FMIC type. The electrical and mechanical relative
temperature indices shall be determined 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.

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 properties.

Exception Np. 2: If the mechanical and electrical relative temperature indices of thesbpse dielectric

material are
dielectric ma

8.1.8 The |
material or d
Suggested v

8.1.9 Each
FMIC shall b

8.1.10 The
individual ing
including eaq

8.1.11 If th
dielectric m
dielectric m
bond strengt

8.1.12 Whe
material and

pqual to or exceed the MOT of the FMIC type, the adhesive on one or botlr side
ferial need not possess mechanical and electrical relative temperature-indices.

IOT shall not exceed the electrical or mechanical relative temperature indice
ther insulation material when used as a dielectric barrier-and/or substrate fo
hlues for the MOT include 90, 105, 130, and 150 °C (194, 221, 266, and 302 °F).

combination of materials, including each applicable /material component in t
e determined to have the same or higher flammapbility classification as the FMIC

performance profile indexing values of the’FMIC type shall be limited to the]
exing values for the dielectric materials in.the construction for each combinatior
h applicable material component.

b base material, bonding film, and cover material are manufactured with th
erial and adhesive (if applicable), and the same conductor material is bonde

s of the base

5 of the base
r conductors.

he fabricated
type.

lowest rated

of materials,

b same base
l to the base

terial or adhesive, bond_strength testing of the conductor to base material shall represent

n testing of the conductor.t6 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

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

8.1.13 Eac
adhesive, bg

n material component in combination with each applicable combination of base
nding film, cover material and other insulation material intended in the cong

comply with

ng film, cover
hd conductor

material, film,
truction shall

the flammability tests in accordance with the Standard for Tests for Flammab

lity of Plastic

Materials for Parts in Devices and Appliances, UL 94, according to the desired flammability classification.

Exception No. 1: If the absolute minimum film with the absolute maximum adhesive thicknesses are not
intended for production, two sets of samples shall be subject to flammability testing. The first set of
samples shall include the absolute minimum film with the corresponding maximum adhesive thickness
(which may not be the absolute maximum adhesive thickness to be used in production.) The second set of
samples shall include the absolute maximum adhesive thickness with the corresponding minimum film
thickness (which may not be the absolute minimum film thickness to be used in production.)

Exception No. 2: If the polyimide film material used to manufacture the base material, bonding film, and/or
cover material has been previously evaluated for flammability in the minimum and maximum thickness and
the flammability classification is V-0 or VTM-0, flammability testing of the minimum film with the maximum
adhesive shall be required assuming the requested flammability rating is the same as the original rating.
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Exception No. 3: If the film material used to manufacture the base material, bonding film, and/or cover
material has been previously evaluated for flammability in the minimum and maximum thickness and the
flammability classification is VTM-1, VTM-2, V-1, V-2, or HB, double-sided and single-sided flammability
samples are required.

8.2 Polyimide ANSI-like flammability program
8.2.1 The program applies to flammability testing only.

8.2.2 When the alternate adhesiveless dielectric material (film) or alternate dielectric material and
adhesive comblnatlon (fllm and adhesive) have been prewously |nvest|gated for flammab|llty classification
in accordance-v p-Devices and
Appliances, UL 94, and/or the Standard for Polymerlc Materlals - FIeX|bIe Dlelectrlc F|Im Mat brials for Use
in Printed Wifting Boards and Flexible Materials Interconnect Constructions, UL 746F, flammability testing
is not required to add alternate film to an established FMIC when the alternate film or-alterpate film and
adhesive conpbination meets the following requirements:

a0) The FMIC fabricator shall have been previously investigated for a FMIC construftion using a
polyimide film, with the fabricator's own process and parameters, including minimum ahd maximum
film tTickness, minimum and maximum adhesive thickness *(if “applicable), and|flammability
classification.

a) Thq alternate film shall be polyimide;

b) The alternate film shall be adhesiveless or used<with the same adhesive and same maximum
adhesjve thickness as the FMIC fabricator’s previdusly evaluated film;

b1) The desired minimum thickness of the alternate film shall be equal to or greater tan the FMIC
fabricator’s existing minimum film thickness:

c) Theg alternate film minimum thickness shall be equal to or less than the FMIC fabricgtor's existing
minimum film thickness;

d) The alternate film maximum thickness shall be equal to or greater than the FMIC fabricator’s
existing maximum film thickness;

e) The alternate fiim-shall have a V-0 or VTM-0 flammability rating the same as the FMIC
fabricator’s existinig-film; and

f) Thel| alternate’ film, or alternate film and adhesive combination, shall have a flamnpability rating
equal fo the FMIC fabricator’s existing flammability rating.

8.3 Base materials

8.3.1 Reference to base materials in this Standard shall apply to materials used to support 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 applicable), and substrate materials supporting conductor material. See Figure 8.1 for examples of
base materials used in FMIC constructions.
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Single-sided base material;
base dielectric material;
conductor-clad with adhesive

Figure 8.1

Examples of Base Materials, Used in FMIC Constructions

Single-sided base material;
base dielectric material;
conductor-clad without adhesive

otbte-sidedbas iaI;
base dielectric mate

conductor-clad vy(t Ihesive

Coverfu\m)J\éed as base material

DS
W Conductor material
— Vam Adhesive

Where, #«— Base dielectric material,|film

su0246

-

o\\"
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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-materals—used-to-bond-conductormaterial- to-the-basedislectricmateralshall 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 Requirements 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.


https://ulnorm.com/api/?name=UL 796F 2023.pdf

OCTOBER 6, 2023 UL 796F 23

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 oxide, and other
conductive material having similar conductive properties.

8.4.3 A conductor surface shall be smooth, even, and free of wrinkles, holes, voids, blisters, corrosion, or
other imperfections capable of impairing the functionality.

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 strength ; ]

adhesion tes

, 12.7. Based on the FMIC production construction, paste type conductor adhg

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: Ifj the interface of the conductive paste material and base material are identica
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 thel 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

h as, but not
Is, in through

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

tor thickness

(weight) or rgnge for the FMIC type.

the minimum
f this copper

8.4.8 For g
copper thick|
thickness (w

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

8.49 Ifthe
o0z/ft?), the m
thickness re
representatiy

minimum external copper thickness (weight) to be used in production is less than 33 mic (1
inimum copper thickness (weight) shall be plated with copper as close as posgible to a total
bresentative of.a) weight of 33 mic (1 oz/ft?) for bond strength test purposes|, and is then
e of weights-Uip to and including 102 mic (3 oz/ft?).

8.4.10 For
heaviest cop
weights dow

copperweéights greater than 102 mic (3 o0z/ft?), an additional set of test samples
per thickness (weight) to be used in production may be considered representa
h t0102 mic (3 oz/ft?) for evaluation of the Bond Strength Property only.

including the
ive of copper

8.4.11 The minimum and maximum external copper thickness (weight) shall be evaluated for each of the
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.
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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

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

Ccesses.

8.4.14 Representative samples shall be included for each process used to conductor-clad base dielectric
material, where additive processes are used to clad the base dielectric material or form the conductor
pattern on thg base dielectric material.

8.4.15 Cong
the fabricator,

8416 Aco
production, a
The pattern s
not less than

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

nductor test pattern shall include a mid-boardiconductor of the minimum width
nd a mid-board conductor may terminate withits smallest dimension at the edge
hall also employ a 1.6 mm (0.062 inch) eonductor width with an absolute minir
1.47 mm. Secondary conductor widths.can be included in the sample pattern in

minimum conductor width receives non-compliant results. See Figure 12.8 for additiona

concerning m

8.4.17 Aco
used in prod
board edge, §

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

id-board conductors.

specified by

0 be used in
of an FMIC.
num width of
he event the

information

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

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
rfoduction, an‘\edge conductor of the minimum width shall be provided (see iten
samplesiAf-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.

inch) of the

conductor is
h F of Figure
be times the
tor minimum

8.4.19 A retest is necessary if a reduction in the mid-board and/or edge conductor minimum width is
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.

8.4.22A When a conductive coin is intended to be used in the production board, a conductor test pattern
shall contain a conductive coin of the maximum size. (See item E1 of Figure 12.8). Samples or the
production board with conductive coins shall be investigated in accordance with Delamination and

Blistering, 12.4, and Dissimilar Dielectric Material Delamination Test, 12.14.

8.4.22B
sample dime

sions shown in Figure 12 .8, additional samples containing the maximum size

If the overall size of the conductive coin with regard to length and/or width does not fit in the

coin are to be

tested.

8.4.22C If 4
Adhesives fo

8.4.23 Plat
adhere well
edges.

8.4.24 If on
may be seleg

Exception:
platings, and

8.4.25 Con
migration in
could exist in

Exception N
silver migrati

Exception N|
migration inV

Exception N
containing Si

dhesive is used with the conductive coin, the adhesive shall be evaluated.in ac
r Conductor Bonding, 8.4.28.

ng of a contact surface shall be uniform, smooth, and without.nodules. Contag

cordance with

t plating shall

o the conductor surface; and, to provide a full contact areay.it shall extend to the conductor

e or more additional platings are intended to be usédvin the production of FMIC
ted as representative of the additional platings and shall be provided on test san

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 metakmigration of silver conductors.

p. 1: Boards intended for use in flammability classification only applications do
bn investigation. Flammability only boards require a unique type designation.

b. 2: Boards_employing conductors coated with Immersion Silver do not re
estigation.

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

5, one plating
hples.

hted by other

ductors consisting of silver, silveriplating, or silver paste shall be investigated for silver

pbus condition

not require a

huire a silver

through hole
stigation.

Exception No. 4: Boards employing silver material on the internal layers of a multilayer construction and
are not exposed to the board surface and/or solder resist do not require a silver migration investigation.

Exception No. 5: Boards employing conductors coated with Tin-Silver-Copper (Sn-Ag-Cu (SAC)) alloy,
other silver containing tertiary alloys, and Tin-Silver (SnAg) alloy do not require a silver migration
investigation.

8.4.26 If plated-through holes and via holes are intended to be used on production boards, test coupons
shall be provided with plated through-holes and via holes.

8.4.26A When plated-through holes are intended to be used on production boards, at least four plated-
through holes shall be provided on the test sample (see item G of Figure 12.8). The plated-through hole
sample location is optional and shall not contact other circuit pattern features. Plated through holes shall
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be investigated in accordance with the FMIC Constructions, Section 9; Delamination test, 12.4, Plating
adhesion test, 12.5.

8.4.26B When plated vias (blind, buried and microvia, filled and unfilled) are intended to be used on
mulitlayer production boards, at least four vias shall be provided on the test sample (see item G1 of Figure
12.8). The vias sample location is optional and shall not contact other circuit pattern features. Vias shall be
investigated in accordance with the FMIC Constructions, Section 9, Delamination test, 12.4. Vias filled with
plugged hole material shall be investigated in accordance with Plugged-hole materials, 8.8.

8.4.27 Solder or other conductive coating applied to conductors on an FMIC shall be smooth, cover the

conductor surface, and provide for good electrical connections in the end-product assembly.

8.4.28 Adhsg
material shall

8.4.29 Adhsg
material shall

Exception: If
an integral p

sive material used to laminate, bond, or adhere conductor material toy b3
not be water soluble.

sive material used to laminate, bond, or adhere conductor matérial to ba
be identified by the manufacturer and grade designation of the adhesive materia

se dielectric

se dielectric
l.

ndhesive used to laminate, bond, or adhere conductor matetial to base dielectfic material is

art of a (conductor-clad) base material and has already-been evaluated to th

testing requi
Tubing, Vulc

Materials Inte
the adhesive

8.4.30 Adhsg
material shall

Exception: If
has already b
— Industrial L
Boards, UL 1
Printed Wirin
analyses hav

e
%nized Fibre, and Materials Used in Printed Wirifg ‘Boards, UL 746E or the
Polymeric Materials — Flexible Dielectric Film Materials for:Use in Printed Wiring Boards

ments in the Standard for Polymeric Materials —/industrial Laminates, Fila

rconnect Constructions, UL 746F, identification.of the manufacturer and grade d
ymaterial shall not be repeated.

sive material used to laminate, boend, or adhere conductor material to bz
be subject to infrared analyses.

he adhesive used to laminate;bond, or adhere conductor material to base dielée
een evaluated to the applicable testing requirements in the Standard for Polymg¢
aminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in A
46E or the Standard.for Polymeric Materials — Flexible Dielectric Film Materig
g Boards and Flexible Materials Interconnect Constructions, UL 746F, and
b been conduycted on the adhesive, infrared analyses shall not be repeated.

e applicable
ment Wound
Standard for
and Flexible
lesignation of

se dielectric

ctric material
bric Materials
rinted Wiring
Is for Use in
identification

8.4.31 EacH base material shall comply with the mechanical tests specified in Table 8.2, acgording to the
conductor angl base-miaterials in the construction.
Table 8.2
Base Material Tests Based on Type of Conductor Material
Conductor material type Tests Section
S:g;i-conductors (i-e., copper, Thermal stress (if applicable) 12.3
Delamination 12.4
Plating Adhesion 12.5
Bond Strength 12.6
Flammability 12.15

Table 8.2 Continued on Next Page
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Table 8.2 Continued

Conductor material type Tests Section
Paste type (i.e., polymer thick . .
film, etc.) Thermal stress (if applicable) 12.3
Delamination 12.
Conductive Paste Adhesion 12.7
Flammability 12.15
Platings Plating Adhesion 12.5
8.4.32 Add t;una::y, each-base—materiatHn—combination—with—each app“uab:c matertal-component in the
FMIC constryiction shall comply with the mechanical tests specified in Table 8.3 according g the intended
construction sub-category. See the Exception to 8.1.2.
Table 8.3
Base Material Tests Based on FMIC Construction Sub-Category
Construction sub-category
Testg Section Flexible Flex-to-install Rigid
Coverlay test 12.8 Yes Yes Yes
(Ambient) beng test 12.9 Yes Yes Noflapplicable
Cold-bend tes 12.10 Yes Yes Noflapplicable
Repeated flexipg test 12.11 Yes Not applicable Nof applicable

8.5 Bondin

8.5.1
materials tog

852 Bon
adhere mate
or non-wove
include adheg

Supported bond ply

where,

55073

Reference to bonding film in this-Standard shall apply to materials used to laminat
ether.

ling film shall include® film, adhesive, and other insulation materials used to
rials together. Supported bonding film shall include materials such as base die
n reinforcement-materials coated with adhesive on two sides. Unsupported bon
sive only. See'Figure 8.2 for examples of bonding film materials.

g film (supported and unsupported) and internal bonding materials

Figure 8.2

e and adhere

laminate and
ectric, woven
ing film shall

Unsupported bond ply,

(adhesive bonding film)

4 —adhesive

94— pase dielectric material, film
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8.5.3 When conductor material is laminated or adhered directly to bonding film as a base dielectric
material, the resultant combination of bonding film and conductor material is considered base material.
See Base materials, 8.3.

8.5.4 A prepreg shall be considered a supported bonding film.

8.5.5 Supported bonding film thickness describes the thickness of base dielectric material and adhesive
on two sides without conductor material. For supported bonding film made from base dielectric material
with adhesive on two sides, the base dielectric material and adhesive thicknesses shall be specified
separately. Prepreg thickness describes the thickness of both the reinforcement and resin (adhesive).

8.5.6 Unsupported bonding film thickness describes the thickness of the adhesivecwithout 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 bpnding film shall have acceptable mechanical and éelectrical relative temperatur¢ indices and
direct suppor} performance properties at or above the MOTof.the FMIC type, as described in $.1.10.

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 medhanical tests specified in Table 8.4, according to the intended construction sub-dategory.

Tests for Bonding Film Balgglgr?éonstruction Sub-Category
Construction sub-category
Tests Section Flexible Flex-to-install Rigid
Delamination tgst 124 Yes Yes Yes
Flammability tepts 12.15 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

8.5.11 Each bonding film shall comply with the flammability tests in accordance with the Standard for
Polymeric Materials — Flexible Dielectric Film Materials for Use in Printed Wiring Boards and Flexible
Materials Interconnect Constructions, UL 746F, and the Standard for Tests for Flammability of Plastic
Materials for Parts in Devices and Appliances, UL 94, according to the desired flammability classification.

8.5.12 Each bonding film in combination with each applicable combination of base material, film,
adhesive, bonding film, and other insulation material intended in the construction shall comply with the
flammability tests in accordance with the Standard for Tests for Flammability of Plastic Materials for Parts
in Devices and Appliances, UL 94, according to the desired flammability classification.

8.5.13 The flammability classification of the FMIC type shall not exceed the flammability classification
determined for the bonding film, and the bonding film flammability classification determined for the
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fabricator shall not exceed the flammability classification established for the bonding film material
manufacturer.

Exception: If the flammability classification of bonding film in combination with base material and cover
material exceeds the flammability classification of the bonding film, the flammability classification of
bonding film in combination with base material and cover material for the FMIC type shall exceed the
flammability classification of the bonding film; yet, the flammability classification applies to the FMIC type
when only the same base material, bonding film, and cover material are used to fabricate the construction.

8.6 Cover material (coverlay, coverfilm and covercoat)

8.6.1 Reference-to-covermaterial-in-this-Standard-shallapply-to-materialsused-topartiglly or entirely
cover a conductive pattern on the outer surface(s) of an FMIC or printed wiring board.

8.6.2 Covel material shall be a coverlay, coverfilm, or covercoat material, and\shall|include film,
adhesive, cogting, and other insulation materials as defined in the terms. See Figure 8.3 fof examples of
cover materigls.

Figure 8.3

Examples of Cover Materials — Coverlay, Coverfilm and Covercoat

Coverlay;
base dielectric material, Cevercoat
with integral adhesive
Coverfilm;
base dielectric material Where,
pnly
,— Base dielectric material, film

o \\ Y

su0245a

8.6.3 If solfer resist is being used in a flexible or flex-to-install construction, the matgrial shall be

evaluated asla-covercoat—See-Solderresist-soldermask—andpermanentcoatings8-L

8.6.4 Marking ink or flux are not considered a cover material or protective coating.

8.6.5 When conductor material is laminated or adhered directly to cover material, the resultant
combination of cover material and conductor materials is considered base material. See Base Materials,
8.3, and Conductors and Conductor Adhesives, 8.4.

8.6.6 Coverlay thickness describes the thickness of base dielectric material and adhesive. The base
dielectric material and adhesive thickness shall be specified separately.

8.6.7 Coverfilm thickness shall describe the base dielectric material thickness only as this product is
adhesiveless.
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8.6.8 Covercoat thickness shall describe the coating thickness.

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

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 EacHh cover material in combination with each applicable combination of material|components
intended in the construction shall comply with the mechanical tests specified in Table 85, acqording to the
intended construction sub-category.

Table 8.5
Tests for Coverlay Materials, Based on Construction Sub-Category

Construction sub-category

Telsts Section Flexible Flex-to-install Rigid
Flammability tepts 12.15 Yes Yes Yes
Coverlay test 12.8 Yes, Yes Yes
(Ambient) bend test 12.9 Yes Yes Notfapplicable
Cold-bend test 12.10 Yes Yes Notapplicable
Repeated flexirlg test 1211 Yes Not applicable Notlapplicable

8.6.13 EacH cover material shall comply with the flammability tests in accordance with the|Standard for
Polymeric MIteriaIs — Flexible Dijelectric Film Materials for Use in Printed Wiring Boards |and Flexible
Materials Intgrconnect Constructions, UL 746F, and the Standard for Tests for Flammabiljty of Plastic
Materials for Parts in Devices-and Appliances, UL 94, according to the desired flammability classification.

8.6.14 EacHh cover material in combination with each applicable material component intended in the
construction [shall comply with the flammability tests in accordance with the Standard for Tests for
Flammability [of Plastic Materials for Parts in Devices and Appliances, UL 94, according tq the desired
flammability dlassification.

8.6.15 The flammability classification of the FMIC type shall not exceed the flammability classification
determined for the cover material.

Exception: If the flammability classification of base material in combination with cover material exceeds the
flammability classification of the base material, the flammability classification of base material in
combination with cover material shall exceed the flammability classification of base material yet the same
cover material must be applied over the entire base material.

8.6.16 Each cover material not previously investigated shall be investigated in accordance with 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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8.7 Solder resist, solder mask, and permanent coatings

8.7.1 Reference to solder resist, solder mask, and permanent coating materials in this Standard shall
apply to permanent materials used as a protective coating of conductor materials. Solder resist and solder
mask materials are intended for process operations usually involving the application of molten solder
material to conductor materials on an FMIC.

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 sim

8.7.4 Sold
flexed in a fl
shall be eval

8.7.5 Mark
protective coj

8.7.6 A mg
numbers, or
than letters,

8.7.7 Perm
thickness.

8.7.8 The
material grag

8.7.9 Soldsg

lar matgrials

br resist shall be identified separately from cover materials. If the solder resist i
exible construction or bent during installation of the flex-to-install construction
ated as a covercoat. See Cover material (coverlay, coverfilm and cayercoat), 8

, O.

ng ink or flux are not considered to be a solder resist, coverlay, coverfilm,
ating.

rking ink applied on the FMIC to provide a means-of identification in the fo
numbers or symbols such as a decorative coatingyshall be evaluated as a permg

anent coatings thickness shall describe thé solder resist, solder mask or

minimum and maximum thickness\of the permanent coating shall be identi
e.

r resist used as a dielectric barrier between opposing conductor planes, sha

previously d

above the MPT of the FMIC type,iand acceptable direct support performance profile values

in 8.1.10.

8.7.10 Each solder resist or permanent coating shall have previously been evaluated in ac

applicable t
Polymeric

Used in Prinfed\Wiring Boards, UL 746E, according to the desired flammability classification.

btermined to have acceptable mechanical and electrical relative temperature

t (infrared analysis, flammability, and dielectric properties) requirements in thg

5 dynamically
the material

o)

covercoat, or

rm of letters,

symbols does not require testing. A marking ink applied on the FMIC for any purpose other

nent coating.

bther coating

fied for each

Il have been
indices at or
as described

ordance with
Standard for

aterialss= Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials

8.7.11

Each solder resist or permanent coating in combination with each material component intended in

the construction 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

Identical permanent coatings applied in multiple layers during the production of an FMIC shall be

investigated for Flammability tests, 12.15. Flammability investigation of the maximum number of identical
permanent coating layers will represent fewer layers.

8.7.13 Mixed combinations of permanent coatings shall be investigated for Flammability tests, 12.15.

Each coating

combination shall be investigated.
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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, Vulcanized Fibre, and
Materials Used in Printed Wiring Boards, UL 746E with regard to its flammability after thermal stress,
testing for its addition as an alternate coating to one previously tested on the rigid portion of the multilayer
rigid flex composite construction (see Figure 9.4) is not required when the coating meets the following
requirements:

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 flelx composite
construction; and

d) Thg minimum thickness of the rigid laminate with which the coating was-evaluated |s 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.

8.8 Pluggegdl-hole materials

8.8.1 A pludged-hole material used in the production of a printed\wiring board (including but[not limited to
plated through holes, blind vias, and buried vias as shown_ih Figure 8.4A) shall be investigated for
Flammability ftests, 12.15. See Figure 8.4 and Figure 8.5 for .an example of the build-up conptruction test
sample. See [8.4.26, 8.4.26A and 8.4.26B for investigation of the filled plated through hole gnd via hole.
The plugged |hole material shall have been previously. 'evaluated as a permanent coating irl accordance
with the appl|cable testing requirements in the Standard for Polymeric Materials — Industrigl 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 flammabiltty.

Figure 8.4
Plugged-Hole Material

Flammability Sample Construction Example

plugged—hole materigl
core
plugged—hole material

55360
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Figure 8.4A

Example PWB Cross Sections with Plugged-Hole Material in Plated Through Holes, Buried Vias,

and Blind Vias

Surface or Blind Vias

Filled with Filled with
Organic Organic

Prepreg

Prepreg

Filled with Filled with Filled with Filled with Filled with
Organic Organic Organic Organic Prepeg
Hole #1 Hole #2 Hole #3 Hole #4 Hole #5

\ ———— Plated Through Vias J

Buried Vias

Filled with Filled with
Organic Organic
Hole #6 Hole #7

su0549b
NOTES:
Hole # and|via reference Description Flammability test required?
1 Plated through hole filled’with plugged hole material Yes
Through hole filled with plugged hole material, hole wall Yes
not plated

2 Blind via filled with plugged hole material Yes
3 Copper endapsulated blind via filled with plugged hole No

material
Blind*via filled with plugged hole material, hole wall not Yes

plated
4 Copper encapsulated plated through hole filled with No
plugged hole material
Copper capped through hole filled with plugged hole Yes
material, hole wall not plated

5 Buried via filled with prepreg No
6 Buried via filled with plugged hole material Yes
7 Copper encapsulated buried via filled with plugged hole No

material
Buried via filled with plugged hole material, hole wall not Yes

plated
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Figure 8.5
Plugged-Hole Material with Permanent Coating

Flammability Sample Construction Example

permanent coating

plugged—hole material

core

plugged—hole material

permanent coating

S53

8.8.2 When
hole material
for Flammabi

Exception: W
the productio
considered rg

8.9 High dgnsity interconnect (HDI) dielectric materials

8.9.1
shall apply to
of microvias U

8.9.2 Dieled
constructions|

hen an identical material is used as a pluggéd-hole material and as a permane
n of a printed wiring board, flammability investigation of two (2) coatings of the m

61

a Permanent Coating is used in the production of a-pfinted wiring board utiliz
the combination of the permanent coating and plugged-hole material shall be
ity tests, 12.15. See Figure 8.5 for an example ofithe build-up construction test s

presentative of one (1) coating of the material.

very thin dielectric materials used to support conductor materials, intended for th
sing sequential buildsup (SBU) and related multilayer interconnect technologies

tric materials,(i*e?, multilayer build-up materials intended for use in high density
shall include, but not be limited to, very thin thickness dielectric material

conductor m
dielectric coa
insulating m

Figure 8.6 fo

hterial. Materials such as resin coated copper foil (RCF), liquid photoima
ing matetials, photoimageable film dielectric coating materials, and other very t
erial when used to support conductor material shall be considered dielectric m

ing plugged-
investigated

ample.

nt coating in

aterial will be

Refergnce to high density intercennect materials or multilayer build-up materials in this Standard

e production

interconnect
S supporting
peable (LPI)
nin thickness
aterials. See
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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 through-holes,

material on both sides cover film on both sides

| I I = | * L

e ™ o re——
Where, g

e ———— Resin Coated Copper

— — =< Conductor matefial
Adhesive

~— Base dielectric material, film
su0244

8.9.3 Dielegtric material thickness describes the base dielectric material thickness lonly, without
conductor nfaterial. Base dielectric material with adhesive material shall specify the b@se dielectric
material and|adhesive thickness separately. Adhesive material shall be specified as being gn one side or
two sides of the base material.

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 bpse dielectric
material thickness.

8.9.6 Adhepive)materials used to bond or adhere conductor material to the base dielectric material shall
comply with

8.9.7 Base dielectric material with conductor material shall specify the base dielectric material and
conductor thickness separately.

8.9.8 The type of conductor material shall be identified for each dielectric material.

8.9.9 The minimum and maximum thickness of each type of conductor material shall be identified for
each dielectric material type and thickness.

8.9.10 The dielectric material shall have been previously evaluated 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
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Materials For Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions, UL 746F as
described in 8.1.10.

8.9.11 Each dielectric material shall comply with the mechanical tests specified in Table 8.6, according to
the conductor material, dielectric material, and base material in the interconnect construction.

Table 8.6
Dielectric Material Tests Based on Type of Conductor Material

Conductor material type Tests Section
Clad-conductors (i.e., copper, etc.) Thermal stress (if applicable) 12.3
Delamination 124
Bond strength 126
Paste type (i.e.| polymer thick film, etc.) Thermal stress (if applicable) 12.3
Delamination 124
Conductive paste adhesion 12.7
Platings Plating adhesion 12.5

8.9.12 Dielgctric material in combination with each applicable™“combination of film, adihesive, 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 gub-category,
unless otherwise indicated.

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 ppplicable
Cold-bend test 12710 Yes Yes Not ppplicable
Repeated flexirlg test 12.11 Yes Not applicable Not ppplicable

8.9.13 EaclH| dielectric material shall comply with the flammability tests in accordance with fhe Standard
for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94, acgording to the
desired flammability-classification-

8.9.14 The flammability classification of the FMIC type shall not exceed the flammability classification
determined for the dielectric material, and the dielectric 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 dielectric material in combination with other applicable
insulation material exceeds the flammability classification of the dielectric material, the flammability
classification of dielectric material in combination with the said materials shall exceed the flammability
classification of dielectric material yet the same said materials shall be used in combination with the same
dielectric material.


https://ulnorm.com/api/?name=UL 796F 2023.pdf

OCTOBER 6, 2023 UL 796F 37

8.10 Stiffener and adhesive (external bonding) materials

8.10.1 Reference to stiffener materials in this Standard shall apply to materials used to provide additional
stiffness, rigidity, or support to constructions, by attaching the stiffener material to the construction. The
stiffener material shall not include conductors or integral electrical connection to and from the construction
and stiffener material. Stiffener materials shall not be in direct contact with construction or FMIC conductor
material. The stiffener material may be applied to any portion of the board not in contact with conductor
material.

8.10.2 When conductor material is applied on the stiffener, the resulting combination is considered base
material. See Base Material, 8.3, and Conductors and Conductor Adhesives, 8.4.

8.10.3 Stiffener materials shall include, but are not limited to:

a) Ipdustrial laminate materials found to comply with the Standard for Polymeric Materials —
Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Matérials 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) over materials found to comply with the Standard foriPolymeric Materialg — Industrial
Laminpates, Filament Wound Tubing, Vulcanized Fibre, and“Materials Used in Hrinted Wiring
Boards, UL 746E or the Standard for Polymeric Materials"\Flexible Dielectric Film [Materials For
Use In Printed Wiring Boards and Flexible Materials Inteteonnect Constructions, UL 74#6F;

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

d) Other materials of the fabricator's or-original equipment manufacturer's choice limited to metal.

Exception: Rigid printed wiring baards, 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 |[aminate and
adhesive on|l one side. The base dielectric material or laminate and adhesive thicknegses shall be
specified separately. Laminate and/or prepreg thickness describes the thickness of both the feinforcement
and resin (adhesive).

8.10.5 The|minimum and maximum thickness of base dielectric material or laminate shal| be identified
for each matgrial grade.

8.10.6 Stiffener materials shall be subject to identification by infrared analyses if organic and not
previously evaluated. IR shall be performed in accordance with the Standard for Polymeric Materials —
Short Term Property Evaluations, UL 746A.

Exception No. 1: Identification by infrared analyses shall not be conducted on stiffener materials indicated
in 8.10.3 (a), (b), and (c).

Exception No. 2: FMIC types with stiffener materials applied in accordance with Additional stiffener and
adhesive (external bonding) materials, 13.12, shall bear the appropriate system component symbol and
size class number markings indicated therein, and the stiffener materials are not required to be subject to
identification analyses.
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8.10.7 Stiffener materials shall possess a flammability classification considered equal to or greater than
the flammability classification of the FMIC type. The stiffener material shall not reduce the flammability
classification of the FMIC type.

8.10.8 Each manufacturer and grade of stiffener adhesive (external bonding) in combination with each
manufacturer and grade of stiffener shall be evaluated in accordance with the Stiffener bond strength test,
12.12 in accordance with 8.10.10 as applicable.

8.10.9 Each manufacturer and grade of stiffener and stiffener adhesive (external bonding) shall be

evaluated in accordance with Flammability tests, 12.15 in accordance with 8.10.10 as applicable.

8.10.10 FM

tests, 12.15,

and stiffener adhesive will be attached.

8.10.11 Wh
Flammability
accordance W
when the stiff

a) Th
mater

b) The
the FN

c) The
with th

d) The flammability rating of the altermate stiffener material shall be equivalent or bg

FMIC,

8.10.12 Ref
Standard shd
considered a

8.10.13 Stiff
glue, and si
materials shal

a) In

C taost eamplae in-accordance-with the Stiffaner-bond ci‘rnngl‘h tast 12 12 and
18-S RPH H3 a3 WA HHeReBoRe—-HeRgHIt8St—=—=3ahG

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

bn the stiffener material has been previously investigated for Stiffener Bond

ith 8.10.10, testing is not required to add alternate stiffener materials to an esta
bner material meets the following requirements:

a)

b alternate stiffener material is the same UL/ANSI¢ype material as the F
al;

11C stiffener material,

same adhesive material and thickness range is used with the alternate stiffene
e FMIC stiffener material; and

erence to stiffener adhesive (external bonding) materials or assembly adhe
Il apply to materialsSiused to attach stiffener materials to constructions, and
dielectric material-

ener adhesive:(external bonding) materials shall include, but not be limited to, €
milar materials used to fasten constructions to stiffeners. Adhesive (exter
| include:

justrial laminate (i.e. prepreg) materials found to comply with the Standard f

Flammability
the stiffener

Strength and

classification with the established base material and cover\ material conpbinations in

blished FMIC

MIC stiffener

minimum and maximum thickness of the alternate stiffener material is the same or less than

r material as

tter than the

sives in this
shall not be

poxy, acrylic,
nal bonding)

pr Polymeric

Mater

als — Tndustrial Caminates, Fillament Wound Tubing, Vulcanized Fibre, and Materials Used in

Printed Wiring Boards, UL 746E or with the Standard for Polymeric Materials — Flexible Dielectric
Film Materials For Use In Printed Wiring Boards and Flexible Materials Interconnect Constructions,
UL 746F;

b) Bonding film 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 with 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 Tests 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

Materi

als — Long Term Property Evaluations, UL 746B; and
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d) Other 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 designation.

8.10.16 The minimum and maximum thickness of stiffener adhesive (if applicable) shall be identified for

each stiffene

r grade and thickness.

8.10.17 Stiffener adhesive shall be subject to identification by infrared analyses in accordance with the

Standard for

Polymeric Materials — Short Term Property Evaluations, UL 746A.

9 FMIC Co
9.1 Geners

911 Al F
accordingly.

9.1.2 FMIC
9.1 for exam

hstructions

MIC's shall be defined by category and sub-category of the\construction,

s shall consist of the construction, with or without stiffener‘or adhesive material
bles of constructions with and without stiffener and adhesive materials.

and entitled

5. See Figure
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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

Q O&
Y
D
Singlelayer, single-sided (SS), S@g‘ﬁelayer, double-sided (DS),
with covetfilm “With covercoat

oF
Multilayer|rigid flex composite O

N

Where:

= Covercoat

= Conductor

= Adhesive

= Base dielectric material film
= Stiffener

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

su0243
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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) Band strength test, 12.6;

d) Canductive 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) Flgxible, 9.6;
b) Flgx-to-install, 9.7; or
c) 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(s intended for flammability classification only shall be identified in accordance wjth 9.1.3.

1.

9.1.8 The AMIC shall be entitled in accordance with Glossary of construction and FMIC title

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~FMIC identified by the markings required in Direct support requirements (DSR), 13.8 for
direct support current carrying parts at 120 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.

Si
wi

Figure 9.2

Examples of Singlelayer (Dielectric) Constructions

nglelayer, single-sided (SS),
thout coverlay

Singlelayer, double-sided (DS),
without coverlay

Si
w

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

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

L Vo N2

F—\ W ]
I “F |
| I I
Sihglelayer (i.e., adhesiveless) —
dquble-sided (DS),with coverfilm
Singlelayer\(i'e., adhesiveless),
‘ ‘ double=gided (DS), with covercoat
:_ I =
I | :
Where:
= Covercoat
S EE—— - = Conductor
o = Adhesive
= = Base dielectric material film
sy0242
9.2.2 In addition to the construction category requirements, a singlelayer construction shal|l comply with
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 production build-

up shall be pn

pvided for investigation, unless otherwise indicated.

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 fa

bricated 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:

Where:

= Covercoat
= Conductor
= Conductive paste

| I = 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

9.3.5 A rej
patterned cq
construction

9.3.6 Arep

maximum weight used in production for bond strength and delamination samples. If the max

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

Intern

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

Fesentative multilayer construction shall include one internal patterned conduct
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

bsting of the four conductor layer construction 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 matérial, bonding film, laminate, prepreg, and cover m
bl is used as a dielectric barrier, 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 Evall
mpatibility of the dissimilar materials.

9.41

er of internal
yer rigid-flex

br 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 meétal weight to be used in production.

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 Delamination test, 12.14 and

b) Flammability test, 12.15.

9.4.2
considered a

t the desired minimum build-up thickness of the multilayer FMIC.

The direct support, CTI, flammability, and RTI ratings of each individual material shall be

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.

9.5 Mass laminate multilayer (dielectrics)
951 A mu ti:aycl construction—shat—be—considered |cp|cac||‘laﬁvc of—amidenticatl—mass-laminated
prefabricated| package construction with a representative conductor pattern, if the~malss-laminated
prefabricated|package construction has:
a) Thg same base material,
b) Conductor;
c¢) Bonding film, cover material, dielectric material, laminate, prepteg; 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 multilayer build-up construction is not considered representative of a singlelayer [construction,
and a singlelayer construction is not considered representative of a multilayer construction or mass-
laminated prgfabricated package construction:
9.6 Flexiblg
9.6.1 Flexible (sub-category) censtructions are intended for use in dynamic and repgated flexing
application.
Note — The ultihate dynaniig-eapacity or endurance of the flexible construction has not been established via tihe test program
detailed in this Sfandard.
9.6.2 Flexibje. (sub-category) constructions shall include the following construction ca‘egories and
characteristics:

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

b) Mu

c) Mu

[tilayer (dielectric); and

Itilayer 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.

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

9.71

Flex-to-install (sub-category) constructions are intended for use in applications where the

construction

Note — The ultin
program detaile

9.7.2 Flex-
characteristig

a) Si

Wil De bent 1or Installation or servicing.

ate bend capacity or endurance of the flex-to-install sub-category construction has not 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

9.7.6 Inad
or9.7.5, afle

a) (A
b) Cq

!

[tilayer (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-category) 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) bendtest, 12.9; and

Id-bendtest, 12.10.

9.8 Rigid

shed via the test

egories  and

Glossary of

- (dielectrics),

lectrics), 9.3.

ribed in 9.7.4

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.

9.8.3 A singlelayer rigid (sub-category) construction shall comply with Singlelayer (dielectrics), 9.2.
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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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Examples of Multilayer Rigid Flex Composite Constructions (Pre Lamination)

Figure 9.4
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= Solder resist

= Covercoat

= Conductor

= Conductive paste

= Adhesive
= Pre-preg
= Film

= Rigid industrial laminate (ie FR-4 ofc )

su0240

= Stiffener material

A = Fillet material

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)
AAANAANA AAAAA L i S R
(VSN o DGR, o ARG IR
Where:
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........................................................ = Solder resist Q
. = Covercoat Q (1/
I I - = Conductor Q©

su0239
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O
$ = Metal-clad base film (base mate
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Q& (base material)

% = Bond ply (supported)
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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

9.94 Each
applicable cq

Exception: If
sub-categony
conductor m
construction
composite F

9.9.5 Then
A, B, and C)

rigid (sub-category) construction, sub=sections B and C could be flex, flex-to-install, or rigid (

constructiong

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
aterial, 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
IC.

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

depending upon the intended application.

Figure 9.6

Sub-Sections of a Multilayer Rigid Flex Composite Construction

S5081

o test for the

category and
ase material,
testing of the
hyer rigid flex

sections (i.e.,
considered a
Sub-category)

A B &
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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 compaosite 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 Flamnability classification only

9.10.1 FMICQ'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 thg¢ end-use product.

9.10.2 FMIQ's intended for flammabilityClassification only shall include the following categpry and sub-
category consgtructions, and characteristics:

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

c) Multilayer rigid-flex composite;

9.10.3 A sirlglelayer FMIC intended for flammability classification only shall be evaluated i 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) Mdiltilayer 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) Flex-to-install mass-laminated prefabricated package FMIC;
¢) Rigid mass-laminated prefabricated package FMIC; and

d) Multilayer 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;

ltilayer FMIC with flammability classification only.

c) Multilayer rigid flex eomposite FMIC with flammability classification only; and

d)
classification only.

FMIC titles are determined by the following procedure:

llowing titles:

ultilayer rigidiflex composite mass-laminated prefabricated package FMIC with flammability

a) ldentify-the-con i Hr-aeeordanes -
(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.



https://ulnorm.com/api/?name=UL 796F 2023.pdf

54

UL 796F oC

TOBER 6, 2023

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

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

10.2.3 The

10.2.4 The
panelizing, a
etc.)tothe F

10.2.5 The
adhesive and

10.3 Variations inprocesses

Jdubt;ull PIULT OO bUIIb;dCIUd ITIUIS STVCIT thall all d:tclllatc pluduutiun MITUU
same category or sub-category of FMIC construction, shall be considered repn
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 ¢
test samples. Undercutting shall not be greater than the conductor thickness.

5s description

ess, used to
esentative of

undercutting
bnductors on

brocess description shall be a chronological description reflecting production prfactices used

e FMIC.

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

process description shall reflect'the process used to produce the samples submi

process description shall identify any etching, plating, laminating, bonding, bz
d addition of permanent materials (e.g., adhesive, stiffener, coatings, platings
IC 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.

10.3.1

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 etch

ant 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) Afdition of conductor plugged, filled, or plated through-holes not previously idéntified in the
procgss description.

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

not p
d) Ar
10.3.7 Areg
identified in |

Addit
regar
descr

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 following or similar variations,
he process description:

on of metallic plating including immersion silver,“(see 8.4.25 for additional
ding silver materials), on conductor materialy*not previously identified in
ption.

11 Parameter Profile Indices

11.1 Genel

11.1.1 FMI
with the esta
end-product

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.

11.1.2 The
mechanical,
the construc

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

ion or‘cembination of materials used to fabricate the FMIC. The parameter prof

an FMIC typT shallinclude, but not be limited to:

material, etc.)

but should be

requirements
the process

h accordance
of their use in
red to as the

ble physical,
tablished 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

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

h) Solder 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

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.

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 d
depending uf
and in some
construction.

11.2.3 Each
service envir
required testf
methods. Seq

Exception: If

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

exposed to under normal operating conditions.

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

nstruction is conditioned at a temperature(s) reflecting the anticipated service
property is measured or visuallyinspected 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 41)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

Environment.
ning, usually
5hed criteria,
temperature,
to the FMIC

end product
cated in the

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

b FMIC shall

involve only fi

ammabllity tests and an MO [ 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 himaluhy of ﬂallllllab;“ty classifications-shatt-be—considered-from hiuhcat totowgst as follows:
V-0, V-1, V-2| HB.
11.3.4 Thehierarchy of alternate flammability classifications shall be considered’from highest to lowest

as follows: V
11.4 Asser

11.4.1
the anticipat

soldering process is determined by analyses of the FMIC physical property data followin

stress test.

Exception: H
FMIC proper

11.4.2 The
thermal streg

11.4.3 FMI
260 °C profi
multiple sold

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

being used i

1144 |If sp
purchase org

Assembly soldering process (solder limits) are profile(s), temperature(s) and time(s

TM-0, VTM-1, VTM-2.

hbly soldering process — solder limits

bd printed wiring board production assembly process(es). The acceptability of

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 useg

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

ptermines 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 pagteaahestontest 1277

(Ambient) bend test 12.9
Stiffener bond gtrength test 12.12
Flammability tepts 1215

11.5 Thickn
11.5.1  Thick

11.5.2 The
possible. A th

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

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

film, cover n
conductor m3

11.5.4 The
components
prepreg, and
of the FMIC.

11.5.5 Minin
production.

11.5.6 Maxi

for production.

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

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

asured when
en known.

rial, bonding
I, where no

the material

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

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

num thickness and-minimum build-up thickness shall be of the thinnest thickness

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

iter surfaces

intended for

Ess intended

11.6 Conductor weight

11.6.1

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 FivHCidentifted by |||a|;\illga |cqui|cd i1y rv‘lal;\illyb, Section ﬁ, for-thredirect SUpP rt of current-
carrying parts at 120 V rms and 15 A or less shall have the film, base material, bonding filn, cover film,
dielectric material, or build-up construction when used as a dielectric barrier between“congluctor planes
complying with the parameter profile indices in Table 11.3.

11.9.2 An HFMIC intended for direct support of current carrying parts shall have‘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 conductors, has previously bgen evaluated
for each performance test in Table 11.3 and complies with the requirements.

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/]64
Volume resistiyity-wet x108 10 1/)6¢
Dielectric strerjgth-dry kv 6.89 1/)6¢
Dielectric strerjgth-wet per mm 6.89 1/16¢
Comparative tfacking index Max PLC 4 148¢
Heat deflectior Degrees C e 148¢

(194 °F) min.

b Test sample hICRNESS oM Which The TNdexX value 15 based:
¢ Actual thickness or minimum thickness or material being considered.

9 Test sample representative of all thickness.

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

¢ Not required for thermosets and films; for thermoplastics, at least 10 °C (18 °F) above maximum temperature, with 90 °C
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PERFORMANCE
12 Tests

121 General

1211 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“baﬂ\)l T

12.1.1.2 The test methods for the determination of the flammability classification of EMIC's gre described
in the Standalrd for Tests for Flammability of Plastic Materials for Parts in Devices and ‘Appliances, UL 94.
UL 94 flammpbility test samples for FMIC's shall be established in accordance\with Flammability tests,
12.15.

12.1.1.3 The test methods for the determination of the electrical indexingwalues of FMIC's gre described
in the Standgrd for Tests for Polymeric Materials — Short Term Property Evaluations, UL 746A. Electrical
indexing tests sample configurations for materials to be used-< the production of FMIC's shall be
established ip accordance with the Standard for Polymeric Materials — Flexible Dielectric Fjlm Materials
For Use In Rrinted Wiring Boards and Flexible Materials Interconnect Constructions, UL [746F, or the
Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcaniz¢d Fibre, and
Materials Usgd in Printed Wiring Boards, UL 746E. The electrical indexing tests needed| to establish
acceptability pf FMIC's for direct support requirements are listed in Direct support requirefents (DSR)
tests, 12.16.

12.1.1.4 FMIC test samples shall be providedifor each different manufacturer and each diffgrent grade of
material in the FMIC, unless otherwise indicated.

12.1.1.5 Earh combination of materials intended for use in the FMIC shall be subject to the applicable
test program,|unless otherwise indicated.

12.1.1.6 If the applicable, film, adhesive, base material, conductor material, bonding film, cqver material,
dielectric maferial, laminate; prepreg, and other insulation material in the minimum build-up|interconnect
construction pnd maximum build-up construction have already been evaluated to the applicable test
requirements|in accardance with the Standard for Polymeric Materials — Flexible Dielectric Hilm Materials
For Use In Rrinted"Wiring Boards and Flexible Materials Interconnect Constructions, UL [746F, or the
Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanizgd 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

12.1.21 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 15 °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 3a|||p:ca strat—be—tested—without—imbedded—or—attached components; streh—gs capacitors,
resistors, or integrated circuits.

12.1.3.1.2 FMIC test samples fabricated from the representative production processes shall be provided
in the minimym and maximum construction build-up thickness, as specified in thelapplicable {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 gleviation 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 thpn 0.025 Less than (0.001) +0.005 +(0.p002)

0.025}0.074 (0.001 —0.008) +0.008 +(0.p003)

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

0.101-0.19 (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 fhan 2.55 Greater than (0.100) +0.13 +(0{005)
NOTE: The mgasured-minimum build-up thickness and minimum film thickness shall not be less than the minimum|calculated

thickness, whgn“employing 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 H
minimum bui
base materig
patterned cor

12.1.3.2.3 R
representativ
film, adhesivg
production co

Exception: If
compliance r
Filament Wo
the same ma
from testing
construction 3

12.1.3.24 T
are to be po
intended for
constructions

12.1.3.25 A
is to be cons|
pattern on or

film, adhesive, base'material, conductor material, material thicknesses, and parameter prof

single-sided ¢

epresentative singlelayer construction samples shall be provided. The' ’rg
d-up construction shall include but not be limited to the thinnest individoalAfil
I, and conductors, and shall be the thinnest production construction having
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

nd Tubing, Vulcanized Fibre, and MaterialsUsed in Printed Wiring Boards, UL
erials are used in the candidate construction, within the parameter profile indice
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hall not be repeated.

he conductor pattern shall betincluded on both sides of the samples and condu
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

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

Lated to the

quirements in accordance with the Standard forPolymeric Materials — Industriagl Laminates,

746E, and if
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um build-up
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tructions are
single-sided

yer dielectric
e conductor
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le indices. A

12.1.3.3 Multilayer

12.1.3.3.1

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.

12.1.3.3.4
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 corn
conductors s

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 par

measuring device used to perform the tests injthis standard shall be capable of 1
ameter with an accuracy within 10 percent of the measured parameter.

neasuring the

12.1.4.2 A geramic 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 Plastick — 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

amine all.the samples prior to test using normal or corrected 20/20 (also term

bd 6/6 or 1.0)

vision, and r¢cord.any’presence of any wrinkles, cracks, blisters, delamination or loose conductors or film,
adhesive, basermaterial, bonding film, cover material, dielectric material, laminate, prepreg, or other
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
125 172 149
130 177 154
150 199 174
155 204 179
160 210 184
170 220 195
175 226 200
180 231 205
Note — The temperatures represented by t, and t; are calculated based on the formulas in 12.4.4.2 and 12.4.4.3, with the
conditioning values rounded up to the next whole integer.

12.1.5.5 Samples shall be racked, hung, or placed irna fixture such that the mechanism used to hold or
retain the samples position does not adversely affect'the samples or impede the conditioning during pre-
conditioning, thermal stress, and oven conditioning.

12.1.5.6 Copl the test samples to room temperature at standard ambient laboratory comditions. The
samples sha|l be placed on a ceramic.plate or tile, hung, or racked such that the samples are not
adversely aff¢cted by the mechanism'used to hold or retain the samples during cooling.

12.1.6 Data collection

12.1.6.1 The conductor-average width shall be determined and reported by measuring |the average
contact or inferface ,aréa of the materials (i.e., conductor material to base material). If possible, the
interface areg of the'\materials shall be used to measure the conductor trace average width frdm a top-view
as seen from|above the sample. See Figure 12.1 and Figure 12.2. Each of the following conTuctor widths
shall be detefmined:

a) A midboard 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 L J B L J C L Material

S5082

Figure 12.2

Measuring Conductor Trace Average Width (Top-View)

~__ <« Conductor

S5083

12.1.6.2 In|cases where the contact or interface area of the materials cannot be viewed fr¢m 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)
. - -
I P
S5084
12.1.6.3 The construction average width shall be determined and, reported by measuring|the average

contact or int
the materials

above the sample. See Figure 12.4.

brface area of the materials (i.e., construction to stiffener). If possible, the inte
shall be used to measure the construction average width from a top-view 3

Figure 12.4

Measuring Construction’Average Width (Top-View)

rface area of
s seen from

.

S5085

\ Stiffener

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)

S5086 /\q

12.1.6.5 THe maximum area conductor diameter (d) as shown |q= re 12.6 shall be determined and

reported by [inscribing and measuring the largest circle WI

a top-view ag seen from above the sample. Alternate cond
necessary for the test method.

F|@§126

Measuring MaXIBﬁn Area Conductor Diameter

maximum unpierced

conductor pdttern The maximum area conductor diameter (d s be determined on the tes
area diameters shall also be

area of the
sample from
determined if

Maximum Area Diameter Conductor

S5087

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 — 9 — A=A A <4 Bond Strength
p{(0275-055n)e—  \

S4291

12.1.6.7 Th
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plating thickn
thickness is 4

12.1.6.8 Fo
(weight) shall

12.1.6.9 Th
reported by n

12.1.6.10 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

Length of Bond Strength Pull (units of length)

a)

C

external conductor thickness (weight) including Afoil~thickness and plat

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.

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

hickness, where ho conductor material resides on the internal or external su
ruction.

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

ng shall be

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

fal 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;

c) Material component;

d) Manufacturer;


https://ulnorm.com/api/?name=UL 796F 2023.pdf

OCTOBER 6, 2023

UL 796F

69

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, cq
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 basSi¢'procedures may be uss
f the sample.

12.2.1.2 Gdidelines for preparing microsectioning samples are described in the Standar

Preparation
Automatic M

12.2.2 Tesd

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
bthod, IPC TM-650 2.2.1.

samples

e microsection samples shall'be cut from the printed wiring board or test coug
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 e the examination area. The recommended minimum clearar
epending on.the printed wiring board or test coupon design care shall be

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

12.2.2.2 S
height shall k

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

il Practice for
hnd Semi or

on to include
bsections. All
Amond saws,
with enough
ce is 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.fime shall be
spent on the [larger grit and more time on the smaller grit for better sample quality. The s¢ratch removal
can be verifigd by microscopic inspection between steps. Rinse and dry samples bétween [each step to
avoid contamjnation by grinding particles.

12.2.2.8 Po

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

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

are too low 0]
applied load

12.2.3 Micr

12.2.3.1 WH

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

examination ¢f the copper foil and plating interface.

12.2.3.2 Th
solution and

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

solution of reggent grade Ammonium Hydroxide and deionized water. The Hydrogen Peroxide

1:1 ratio soluf

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, prev

evaluation. Thin

12.2.4 Mat¢d

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

rialjahd test pattern parameter examination.

nd polish is
cation levels
d reduce the

ched to allow

m Hydroxide
a 1:1 ratio
solution is a

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

br to remove

enting accurate

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 124
Bond strength fest 126

Conductive papte adhesion test 12.7
(Ambient) bend test 12.9
Stiffener bond gtrength test 12.12

12.3.2 Compliance criteria

12.3.2.1 THere shall be no presence of any wrinkling, cracking, blistering, loosening, or deélamination 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 Tes{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 transfér{o the samples. The entire sample shall be exposed to the precorditioning and
thermal stregs temperatures. 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.

12.3.4.2 A preconditioning (convection) oven capable of maintaining the intended temperature 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 processes:

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

so th
solder

12.3.5 Prog

12.3.5.1 TH
minimum for

12.3.5.2 Su

solder-does-not |r\|n with-the-conductortraces- Qomhlnc shallbeprepared-so-as
Prop=

resist or excess solder on conductor traces.
edure

e samples shall be preconditioned to remove moisture by baking\at'121 £2 °C
.5 hours minimum prior to being subjected to the thermal stress unless specifieq

pject the samples to a thermal stress within 30 minutes after removal from the 12

as not to have

250 +3.6 °F)
otherwise.

1°Coven. If

not conductgd within 30 minutes, the samples shall be stored.in a desiccator to prevent moisture
absorption.
12.3.5.3 Alljsamples shall be subjected to reflow soldering.conditions or equivalent procesq specified by
the FMIC fabricator. The standardized thermal stress conditions described in Table 12.4 shall be used for
this investigafion.
Table 12.4
Sample Thermal Stress Standardized Conditions
Assembly process Maximum peak temp Dwell time Cyt¢les
Reflow 260 °C,[245 °C or 230 °C T1
(default 260 °C) IPC TM-650 2.6.27 (defdult 6)

Reflow Special T2 t2 plus profile conditions

Wave / Selectivie soldering T3 t3

Notes:

1 — Default reflqw conditions are 260 °C peak temperature and 6 cycles. FMIC fabricator shall specify alternate conditions if

necessary for fl

e thermal stress test.

2 — Reflow - The peak temperature (T1) and number of cycles (X) shall be specified.

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).

4 — Wave / Selective - The peak temperature (T3) and dwell time (t3) shall be specified.
5 — The peak temperature 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

12.3.6.1
a)Th
b) Th
c) Th

Recordandreport-the-foltowing-testconditonsand-equipment————

b preconditioning temperature(s) and time(s) used to remove moisture fronTthé s
b thermal stress temperature(s), time(s) and cycle(s) subjected to the-samples.

b apparatus used for the thermal stress operation.

12.3.6.2 Record and report the following test results prior to preconditioning to remove

following the
a)Th

b) An
covell

thermal stress operation and cooling to room temperature:
b presence of any wrinkles, cracks, blisters, or loose’conductors or

y delamination, wrinkles, cracks, blisters, or logse film, adhesive, base material,
material, dielectric material, laminate, prepreg, or other insulation material.

12.4 Delamination test

12.41 Pur

12411 Th

endurance of

on the maxin

DOSse

e purpose of this test method is to provide a consistent procedure for assessin
FMIC's, following exposure to solder limits, and solder limits and thermal condi
num operating temperature. The test is designed to assess physical fatigue of

exposed to
elevated te

124.2 Co

12421 T
or any dela

he anticipated pfoduction soldering temperatures and anticipated service tem
perature conditioning.

pliance criteria

ereshall be no presence of any wrlnkllng, cracklng, blistering, or Ioosenlng of al

amples.

moisture and

bonding film,

j the physical
tioning based
test samples
peratures via

ny conductor,

lase material,

bonding film, cover material, dlelectnc matenal or other insulation materlal 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.

12.43.6 Mu

[tilayer Constructions. See Multilayer, 12.1.3.3.

12.4.4 ProJedure

12441 Su

12442 PI3
up constructi
temperature (

in which:
t,is th

tisth

See Table 1
established M

12.4.4.3 W
described in
maximum by
circulating-air

in which:

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(¢, + 288) - 273

e oven conditioning temperature in °C for.240-hours oven conditioning, and

e MOT in °C of the FMIC type.

P.2 for the 240-hours oven cenditioning temperatures corresponding to th
OT.

en the fabricator so,requests, 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:

t3=1.02(¢, +288) - 273

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
n 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.

12444 Co

ol 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, wr

inkles, cracks, blisters, or delamination in the conductors or insulation material.
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12.4.5 Data collection

12.4.51

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

b) Th

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

t2:
a)Th
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, or:delamination in the

dance with 12.4.4.4.

I temperature

conductors or

tion material after the 240-hours oven conditioning’,or cooling to room temperature, in

12.4.5.4 Record and report the following test results for the 1344-hours oven conditioning aft temperature

tg:
a) Ov
b) Th

insuls
accof

Een conditioning temperature (t3) used in‘accordance with 12.4.4.3 and

e 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.

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
12.5.4.1 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 Arepresentative 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

12.5.4.4 Externatconductorsoftheinitiat-minimurmweight-with—ameaximum—amount-of ptai

for productior

12.5.4.5 Co
one end.

12546 Th

12.54.7 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.

125411 T¢
maximum bu
process.

the Bond strength test, 12.6, as shown in Figure 12.8.

shall be provided for test.

hductors on the sample for plating adhesion test shall be continuous,and’may

b samples shall be provided with contacts if contacts are intended in production.

b samples shall be provided with plated through-holes if plated through-holes ar
be Conductors and conductor adhesives, 8.4.

b samples shall be provided with through-holes.filed 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 sg
terial applied over through-holes filled with the same conductive material(s).

b samples shall be provided ,with conductor material applied over through-hol
pterial(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
hrough-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 At
subjected to
accordance

Note — The reinf

12.5.6.2 Aq
in accordand
cellophane t

ach a rigid reinforcement material to the back-side of the sample, the|si
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_twe*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 4

12.5.6.5 EX
normal or cd
adhering to t

12.5.6.6 R
removal of

e a steel roller in accordance with 12.55:3 to remove all air bubbles in thg
hum effective test length of pressure-sensitive cellophane tape on the conductor

echanically 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
The pressur

ophane tape for each application, repeat steps 12.5.6.2 — 12.5.6.5 in order, twi
-sensitive cellophane tape shall be applied on a different untested area of the

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 pajttern material

12.5.6.2 and
EW pressure-
D more times.
sample each

time, for a totarofthree appliications.

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 condltlonmg based on the maximum operatlng temperature.
The test is dpsighec

12.6.2.1 Th

a) 21
detern

b) 2 |
detern
oven

c) 11

detern
oven

12.6.2.2 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 Cqg

Temn (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

bffinch (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 arn
onditioning; or

bf/inch (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 pattermisshowrT i Figure 12-8-
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Figure 12.8
Typical Bond Strength Test Sample Pattern

F
C D f

G

E
o
o
o

(o)

L

vollvolie e Sve

S5088

A — Minimum avierage width conductor, specified by the fabricator. See item.J and 8.4.16.
B — 1.6 mm (0.062 inch) conductor with an absolute minimum width notless than 1.47 mm wide. See item J and 8.4]16.

C —10 mm (0.375 inch) diameter unpierced circular conductor. Seg item K.

D — 13 mm (0.5 jnch) diameter unpierced circular conductor. Se€’item K.

E — Maximum afea conductor diameter, specified by the fabricator. See item J and 8.4.20.

E1 — (Not shown) Conductive coin specified by fabricatorin the maximum size. See 8.4.22A.

«@é(

F — Edge conduftor of a minimum width specified by 'the fabricator, and shall be within 0.40 mm (0.015 inch) of the $ample edge, not
sheared at the gdge. See item J, item K, and 8.4.17.

G — Plated throdgh-holes. At least four (4)\plated through holes shall be present on the samples. See item K and 8.4|26.

G1 — (Not shown) Plated via holes (blind, buried and microvia, filled and unfilled). At least 4 vias of representatiye types shall be
present on the sample. See item K(@and8.4.26.

H — Plated contgcts of minimum.width. See 8.4.15.

| — (Not shown) [Three contacts, of maximum width. See 8.4.15.
J — (Not shown)|Test pattern features shall be included on both the external and internal layers for multilayer sampleg. See 9.3.

K — (Not shown
L — (Not shown

features being evaluated

Feature optional but must be on samples if acceptance of this type of production construction is de
t t P inetaee the test pattern

red.

. — Association Connecting Electronics Industries, 3000 Lakeside Drive, Bannockburn, IL 60015, Phone:
847-615-7100, Fax: 847-615-7105, order number IPC A22.
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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 0z/f?, 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

12.6.4.2 An
this test. The

samples-shall-be-provided-with-contacts-if-contacts-are-intended-in-produstion-

b 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 shall
r material applied over through-holes filled with conductive material.

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 su
The bond strength test shall be conducted by peeling the conductor from the &

jid supplemental reinfercement 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 ¢
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

b the bond strength test, the bond strength test:need not be repeated on samples without

rfaces of the
ase material

Lble-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 affect 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

12.644 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.

measure the
, on three (3)
12.6.5.1 and

12.6.5.3 Seqpars s : ateris
force required to separate the conductor from the base material in accordance
of the minimum build-up construction samples subjected to the thermal stress test lin
reinforced in[12.6.5.2.

with 12.

5%

12.6.5.4 Sgqg
grasped for t

Exception: A

interface renjain intact, the base material rips or tears when the bound 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

parate or pry the end of the conductor from the base material, so-that the con
he bond strength pull.

fter attempting to pry up an end of a conductor, if the conductor 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

juctor can be

base material
cted, and the

least 6.4 mm
6.4 mm (0.25
htained at not
nductor width

described beglow:

a) A donductor having the minimum average width on the sample;

b) A 1.6 mm (0.063 inch) wide conductor;

of the board
hd 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(¢, +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

P.2 for the 240-hours oven conditioning temperatures correspoending to th¢ desired or

OT.

12.6.5.7 WH

described in |
(2) of the ma
draft circulat

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_Build-up construction sam
imum build-up construction samples subjected to the thermal stress test in 12.4
ng-air oven in accordance with 12.6.4.4, for <1344 consecutive hours, mai

erature than
ples and two
.5.1 in a full-
htained at a

temperature determined by the following formula:

t3=1.02(¢, +388) - 273

in which:
t; is the oven conditioning temperature in °C for 1344-hours oven conditioning, and

t, is the MOT in °C of the FMIC.type.

See Table 1
established M

p.2 for the 1344<hours oven conditioning temperatures corresponding to thg desired or

OT.
12.6.5.8 Copl the test.samples to room temperature.

12.6.5.9 Ex
loosening, wrl

bmine.'the samples using normal or corrected 20/20 vision, and record any
nkles, cracks, blisters, or delamination in the conductors or insulation material.

presence of

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. 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 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,).

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
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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

Record and report the following FMIC information:

a) Solder limits of the FMIC type; and

b) MOT of the FMIC type.

12.6.6.2 Record and report the following test data:

a) Th
insuld

b) Tes

c) Th
after
bond

d) Th
12.6.
condi

e presence of any loosening, wrinkles, cracks, blisters, or delamination-in ¢
tion materials prior to thermal stress or oven conditioning;

5t data collected from the thermal stress test (if applicable), in aceOrdance with 1!

e 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 conductors fro the base material in acg
b.5 after thermal stress (if applicable) in .accordance with 12.6.5.1 and
lioning in accordance with 12.6.5.6.

12.6.6.3 R

a)o

onductors or

6.5.1;

vith 12.6.5.2,
bjected to the

ordance with
before oven

cord and report the following test datafor samples subjected to 240-hours oven conditioning
at temperatufe t,:

n conditioning temperature (t,)used in accordance with 12.6.5.6;

b) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the
insulgtion material after 240-hours oven conditioning or cooling to room temperature;

conductors or

c) Materials used for supplemental reinforcement, attached to the samples after thernpal stress and

240-h
12.6.

d) TH
12.6.

ours oven conditioning, before being subjected to the bond strength test in ac
b.5; and

e forces required to separate the conductors from the base material in acd
p.10 after 240-hours oven conditioning at temperature t,.

ordance with

ordance with

12.6.6.4 Record and report the following test dafa for samples subjecied o 134
conditioning at temperature t5:

a) Oven 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;

-hours oven

¢) 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
condutor average width; and

c) 12.6.6.4(d), after thermal stress and 1344-hours oven conditioning, for each” cprresponding
condugtor average width.

12.7 Condyctive paste adhesion test

12.7.1 Purpose

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 other insulation or
conductor mdterial in the FMIC following exposure to thermal'cycling, including thermal condifioning, water
immersion, cpld, and high humidity environments. The-iést is designed to assess physical fatigue and
adhesion of cponductive 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 patternparticles adhering to the pressure-sensitive cellophane 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,~wtinkling, 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 besnopresence of any wrinkling, cracking, blistering, or loosening of aE 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 Arepresentative 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.


https://ulnorm.com/api/?name=UL 796F 2023.pdf

OCTOBER 6, 2023 UL 796F 85

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: Iff test samples representative of an construction and process are subject to’the conductive
paste adheslon test without covercoat or overcoat material applied over the conductorrmateyial subject to
test, the corlductive paste adhesion test need not be repeated for representative.sampleg of the same
process and [construction with cover coat or overcoat materials.

12.7.3.8 Ed4ch combination of covercoat and overcoat material shalhbe applied, over jeach type of
conductor material. If a conductive paste material is to be covered or gncapsulated with a cpmbination of
covercoat or overcoat material, or covercoat and overcoat material, each combination shall be applied
over each type of conductor material and shall be subject to the conductive paste adhesion tgst.

Exception: Iff test samples representative of an constructionand process are subject to the conductive
paste adheslon test without covercoat or overcoat material applied over the conductor matelial subject to
test, the corlductive paste adhesion test need not be repeated for representative sampleq of the same
process and [construction with combinations of covefcoat and overcoat materials.

12.7.3.9 Caqver material shall not be present on the external surfaces of the construction, so that the
conductive ppste adhesion test can be conducted without obstruction of base dielectric film.

12.7.3.10 Samples shall be provided-with contacts, if contacts are intended in production.

12.7.3.11 Yamples shall be (provided with plated through-holes, if plated through-holes afe intended in
production.

12.7.3.12 Samples~shall be provided with through-holes filled with conductive material(s), if through-
holes filled with condudctive material(s) are intended in production. If constructions will be groduced with

conductor nmaterial’ applied over through-holes filled with conductive material(s), a sanple shall be
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

12.7.4.1 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 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

12743 A
weighing 200
be used for th

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.

12.7.4.4 Prgssure-sensitive cellophane tape, 13 mm (0.5 inch) wide;“with an adhesion off

N/mm (35 %5
Coated Tapes

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 Ad

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

12.7.4.7 AN
and relative h

12.7.5 Prod

12.7.5.1 Su

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.

edure

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

cethethreesampiessubjectedtothethermatstresstestimafutt=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:
t2 is th

t;isth

t,=(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 wilinkles, cracks, blisters, or loose conductors, or delamination in the conductors

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 Af
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 @
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
mm (2 inché
pattern, follo

127511 M
12.7.5.10 by
(1Tinchin5s

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.

Esure-sensitive cellophane tape shall(be applied in an area on the sample so that two additional g
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
s) minimum effective test length of pressure-sensitive cellophane tape on {
ving application ofthe pressure-sensitive cellophane tape in accordance with 12

lechanically-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.

e, the side of
onditioned in
ordance with
ordance with
einforcement

bhane tape in

pplications, for a

imum of 50.8
he conductor
.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) Other, specify *

* — Plgase specify the type of material.

12.7.6.3 The material to which the conductive paste type material is applied:
a) Bage material,
b) Copductor material,  *

* — Plgase specify the type of conductor material.

c) Covercoat or overcoat;

d) Coyerfilm;

e) Diglectric material;

f) Adhpsive; and

*

g) Other, specify

* — Plgase specify the type of material.

12.7.6.4 Reford and report the.following test data:

a) The presence ofiany loosening, wrinkles, cracks, blisters, or delamination in the donductors or
insulation materials prior to thermal stress or oven conditioning;

b) Thq test-data collected from the thermal stress test (if applicable) in accordance with 12.7.5.1;

¢) Theg conditioning temperature used in accordance with 12.7.5.2;

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:

12.8
12.8.1 Ge

12.8.1.1

12.8.2 Compliance criteria

12.8.2.1 Th
or any delan
material, bor
thermal cycli

12.8.3 Tesd

12.8.3.1 T¢
with cover m
accordance

a) Fi
const

b) Fi
const

Exception: If
construction

THe purpose of this test method is to provide a consistent procedure for assessin
endurance of cover materials and conductors on base materials of FMIC's followifig expost
cycling, including thermal conditioning, water immersion, cold, and high humidity,environmen
designed to @ssess physical fatigue of test samples exposed to environmental stresses.

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.

Coverlay test

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 Materia
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 minir]
ruction with cover material on the external surfaces and

e (5) samples_shall include all material components representing a maxir
ruction with«e@ver material on the external surfaces.

the base material, conductor, and cover material for the minimum and maxi
haye 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, H

Hilament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wirinl

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 material(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 donditioning (convection) oven capable of maintaining the speeified conditioning femperature,
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 humidity conditioning chamber capable ofsmaintaining 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 fest.

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 accordancg with 12.8.4.1 maintained at 71.0 £2 °C (159.8 3.6 °F) for 48 consecutive hourg.

12.8.5.2 Iminerse the 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 PIlgce 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, and cooling.

12.9 (Ambient) bend test

12.9.1 Pur

12.9.1.1 TH
the integrity

DOSe

e purpose of this test method is to provide a consistent procedure for bénding 4
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 thefmal conditioning based on

the maximun
ability and p

soldering temperatures and anticipated service temperatures, via elevated temperature cond

12.9.2 Compliance criteria

12.9.2.1 FI
delamination

material, lanjinate, prepreg, and other insulation material when subjected to the bend te

temperature,

12.9.2.2 Th
or any delan
bonding film
of the pre-co

12.9.3 Tesd

12.9.3.1 Tw
Section 8; ar

a) Te
const

N 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 &
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 theddesired construction(s) in accordance with FMIC Constructions, Sectig

n (10) samples shall include all material components representing a minir
ruction and

of the bend-
bd production
tioning.

splitting, or
ial, dielectric
5t at ambient

hy conductor,
ase material,
al as a result

th Materials,
n9:

nhum 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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’*6.4mm (1/4 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

25.4mm (1 inch) 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.

Mmples shall be tested without imbedded or attached components, such as cg

12.9.4 Apparatus or material

12941 A
temperatures

12942 A
conditions sh

conditioning (convection) oven capabléZs of maintaining the specified
in 12.9.5.3 and 12.9.5.4 shall be used for'this 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

12.9.5.2 Su

12.9.5.3 Plg
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

st fallovaina for lo-
13

determined b

in which:
tisth

t1 is th

ALEA
CTOMOwWITTg oo

t,=1.076(z, + 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 determined by the following formula:

in which:

t3=1.02(¢, +288) - 273

t; is the oven conditioning temperature in °C for 1344-hours oven conditioning, and

t, is the MOT in °C of the FMIC type.

See Table 1
established N

12.9.5.5 Cq

12.9.5.6 E»x
loosening, w

12.9.5.7 Be
turns, noting
bend shall b

around the nandrel shall be initiated at an angle to the mandrel, such that overlap of {

maximized,

number of cq
set of sampl
tested with a

Note — Due to
note where the

12.9.5.8 Release the completély:closed turns of the sample wrapped around the mandrel i

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 eriinsulation material.

nd a sample around a 6.35 mm (0.25 inch) diameterrigid 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 from the end of the sample. Bending

he sample is intimately wrapped onto the mandrel and previous wrap of sar
mpletely closed turns can be easily colinted. 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.

| without alteringthe resulting configuration or condition of the sample due tq
hid mandrel.

amine_the' sample using normal or corrected 20/20 vision, and record anyj
rinkles; 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
nple, and the
struction, one
mples will be

rns; in this case,

n accordance
the bending

presence of

Note — In the ca

fritiated 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 collection

12.9.6.1 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

of the 12.7 mmn (0.5 inch) conductor trace average width.

12.9.6.3 Reford and report the following test data:

a) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the gonductors or

insulation materials prior to thermal stress or oven conditioning and

b) Tes} data collected from the thermal stress test (if applicable) in aecordance with 12{9.5.2.

12.9.6.4 Reford and report the following test data for samples subjected to 240-hours oven
at temperature t,:

a) Ovgn conditioning temperature (t,) used in accordarce with 12.9.5.3;

b) The presence of any loosening, wrinkles, cracks, blisters, or delamination in the @
insulation materials:

12.6.5.6;

2) After bending the sample around the 6.35 mm mandrel, after releasing the
the mandrel, and prier 1o 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 12.9510.

Note — Disregardl evaluation of the sample in the area of the first completely closed turn if six turns are required
completely closefturhs.

conditioning

onductors or

1) After 240-hours oven conditioning and cooling to room temperature in accprdance with

sample from
pbrdance with

sample from

the mandrel,yand after flattening the sample then allowing the sample to relax i accordance

o 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) Oven conditioning temperature (t;) 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.

bending and
flex-to-install

12.10 Cold-bend test

12.10.1 Purpose

121011 Th for

assessing the integrity and physical endurance of FMIC's intended for flexible and

applications [while at low temperature, following exposure to low temperature conditioning. The test is

designed to
conditions of

12.10.2 Compliance criteria

12.10.2.1 H
delamination
material, lan
temperature.

12.10.2.2 T
conductor, o
material, bor]

a result of the cold conditioning.

12.10.3 Tes$t samples

12.10.3.1
8; and, for th

a) Fi
const

b) Fi
const|

Ten (10) samples shall inclide all material components in accordance with Mate

provide a limited assessment of the bend-ability and physical fatigué |at’ low
test samples exposed to below ambient service temperature conditions.

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
r any delamination, wrinkling, cracking, ‘blistering, or loosening of any film, ag
ding film, cover material, dielectric material, laminate, prepreg, or other insulatig

b desired construction(s) in accordance with FMIC Constructions, Section 9:

e (5) samples™ shall include all material components representing a minin
ruction and

e (5) samples shall include all material components representing a maxin
Fuction:

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

—
I

1 n n 1 1 e Il ] 4} PR | n 1
IS 1ol SdlllpIcs Slidll TICIUUT IS oalllc TTalTlidl VUTTIPUTITTIS  al'tu CUTTIPUTITT

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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<—>I 25.4mm (1 inch)

Figure 12.10
Cold-Bend Test — Sample Configuration

4mm (1/4 inch)

6.4mm (

sides

12.7mm (1/2 inch) wide base material

3.2mm (1/8 inch) dia. hole with 1.6mm (1/16 inch) annular ring (optional)

1/4 inch)

border on three

S5090D

Note — Figure 12

12.10.4 Apparatus or material

12.104.1 A

minus 20 £2.0 °C (minus 4.0 £3.6 °F) for a minimum of one hourhall be used for this test.

12.104.2 A
+3.6 °F) shall

12.10.5 Prdcedure

12.10.5.1 Vi

12.10.5.2 S
examination.

12.10.5.3 B
turns, noting
accordance W
the sample. B
that overlap ¢
wrap of sam

229mm (9 inches)

110 drawing is not to scale.

cold conditioning chamber capable of maintaining the'§pecified conditioning te

6.35 mm (0.25 inch) diameter rigid mandrel\maintained at minus 20 +2.0 °(
be used for this test.

erify 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 cd
ith 12.10,5.2."The first bend shall be initiated at least 25.4 mm (1 inch) away frg
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
blej'ahd the number of completely closed turns can be easily counted. If a

mperature of

C (minus 4.0

ured.

our following

letely closed
nditioning in
m the end of
andrel, such
and previous
sample has

Rotretion ana ont Af camnlac aaall bha tnactiad vaath o crrfana varaninad ta th
oTrc—SttT oo T oC—tCotCa—vvrtt o™ Tt

& inside, and

asymmetrical

co
COTTotraCtoTT; THPTCo—vY oo o C—yvT

PpPea

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 in the conductors or insulation material.

Note — In the case

the first turn was
and where the fi
turn.

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

#itiated and where

furn was initiated
letion of the first

12.10.5.8 Repeat the procedure steps outlined in 12.10.5.3 — 12.10.5.7 for therémaining sgmples.
12.10.6 Data collection
12.10.6.1 Record and report the following FMIC information:
a) Solder limits of the FMIC type; and
b) MQT of the FMIC type.
12.10.6.2 Record and report the following measurement test data in accordance with 12.10.5.1:

Verification o

12.10.6.3 R

a) Th
insula

b) Th
insuls

fthe 12.7 mm (0.5 inch) conductor trace average width.

ecord and report the following test data:

e 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) Afterdbending the sample around the 6.35 mm mandrel, after releasing thg
the mandrel, and prior to flattening and allowing the sample to relax in acq
12.90%5.5; and

conductors or

conductors or

sample from
ordance with

the mandrel, and after flattening the sample then allowing the sample to relax i
with 12.10.5.7.

sample from
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

12.111

12.11.1.1

Repeated flexing test

Purpose

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 12.7 mm (0.5 inch) mandrel at standard laboratory ambient

conditions.
12.11.3 Tes

12.11.31 F
for the desire

a) Tw
constr

b) Tw
constrn

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
] construction(s) in accordance with FMIC Constructions, Section 9:

0 (2) samples shall include all material components represeriting a minin
uction and

O (2) samples shall include all material components réprésenting a maximn
uction.

ne test samples shall include the same material cemponents 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

| 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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