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INTRODUCTION

1 Scope

1.1

These requirements cover test procedures to be used for the evaluation of industrial laminates,

filament wound tubing, vulcanized fibre, and materials for use in fabricating printed wiring boards.

1.2 These requirements provide data with respect to the physical, electrical, flammability, thermal, and
other properties of the materials, that are intended to provide guidance to the material manufacturer, the
fabricator, the end product manufacturer, safety engineers and other interested parties.

2 Glossary

2.1 Forthe

2.2 ADHES
or objects to

2.3 ANISO
on the direct

24 ASRE
a history of G

2.5 ASSEN
wiring board
wave, select

2.6 BASE
conductor m

2.7 BASE

purpose of this standard the following definitions apply.

IVE — A gelatinous substance such as glue or cement used to join, bond, or fas
jether.

TROPIC — A material having different values for properties, such as conductivi
on or dimension within the material.

CEIVED — Samples in an unconditioned state, priorto being subject to conditioni
pnditioning.

IBLY SOLDERING PROCESS — The process used for soldering components
during the assembly process. The soldering process may include, but is not limi
ve soldering, or other equivalent soldering techniques.

MATERIAL — An organic or, inorganic insulating material used to support
bterial. The base material may-be rigid or flexible.

ten materials

y, depending

hg, or without

to a printed
ted to, reflow,

a pattern of

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

foil or mate

ial deposited on_ the' surface of the base material. If an adhesive is used t

conductor miterial to the base-material, the adhesive thickness and application surfaces (
sides) are inglicated separately.

2.8 BIAS QUT - Samples cut crosswise to the surface of the material. See Figure 7.1.

2.9 BONDING)LAYER - An adhesive layer used to bond discrete layers of multilg

b adhere the
base material

yer laminate

constructions.”AISO Known as prepreg.

2.10 BUILD-UP THICKNESS — Overall thickness of a combination of materials. Unless otherwise
indicated, the build-up thickness will refer to the overall thickness of a laminate construction where no
internal or external conductor material resides.

21

board with bonding layer material (prepreg or b-stage material).

CAP LAYER - A single sided copper clad laminate bonded to the external surface of the multilayer

2.12 CIRCUIT - Electrical devices and elements interconnected to perform a desired electrical function.

2.13 CIRCUITRY LAYER - Conductor layer or plane in or on a printed wiring board.

2.14 CLAD

MATERIAL — See Metal Clad Base Material.
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2.15 COATING - A non-metallic substance applied by some process, such as dipping, curtain coating,
film laminating, screening, spraying, or melt-flow.

2.16 CONDITIONING — Exposure of test samples to an environment for a period of time, prior to or after
testing and prior to evaluation.

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

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

219 CON

2.20 CONDUCTOR ADHESIVE - Adhesive material used to attach conductor .materigl to a base
material.

2.21 CONDUCTOR AVERAGE TRACE WIDTH — The average width of a length of conductar trace.

2.22 CONDUCTOR BASE WIDTH — The width of a conductor at the intérface of the conductor material
as determingd by microsection analysis. This width is used to determine bond strength/peel strength
values.

2.23 CONDUCTOR LAYER — A single plane of a conductor tmaterial or pattern on a base material.
2.24 CONDUCTOR MATERIAL — An organic or inorganic substance capable of transmitting electricity,
used for circpit conductors, including but not limited to copper, tin, nickel, gold, carbon pgaste, copper

paste, silver paste, ruthenium oxide paste, etc.

2.25 CONDUCTOR PATTERN — The path,;.design, or configuration of conductor material{on the base
material, inclyiding but not limited to conductor traces, lands, through-holes, and vias.

2.26 CONDUCTOR THICKNESS = The thickness of the conductor and additional metallic platings or
coatings, excluding non-conductive coatings.

2.27 CONDUCTOR TRAEE - A linear conductor path of a conductor circuit.

2.28 CONDUCTORMWEIGHT — See Conductor Thickness.

2.29 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.

2.30 CONFORMAL COATING — A protective covering applied on a printed wiring board capable of
conforming to the configuration of objects coated, used to increase the dielectric voltage-withstand
capability between conductors and/or to protect against environmental conditions.

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

2.32 CONSTRUCTION — A variation in laminate materials, including but not limited to base material,
laminate, prepreg, dielectric materials, or other insulation materials. Variations include singlelayer,
multilayer, and composite constructions.

2.33 CORE MATERIAL — The innermost material or base material which may be used to support a
subsequent layer or layers of dielectric material and conductor pattern. Core material may be an organic or
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inorganic material, with or without integral dielectric material. Core material may be referred to as
substrate material.

2.34 COUPON - A test vehicle constructed to represent a production material to be used for testing. See
Sample.

2.34A CURING AGENT — A component added at the A-Stage to facilitate or increase the rate of curing
of a thermosetting resin. Commonly known as a crosslinking agent.

2.35 CURRENT - The flow or movement of electrons in a conductor as a result of voltage difference
between the ends of the conductive path.

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

2.37 DELAMINATION — A planar separation of materials (i.e., separation between condug¢tor and base
material, prepreg, dielectric material, etc.).

2.38 DESICCATOR — A sealable vessel containing anhydrous calcium~chloride, or other [drying agent,
maintained gt a relative humidity not exceeding 20 percent at 23 +2°C (73.4 £3.6°F).

2.39 DIELECTRIC — A material capable of high resistance to{he*flow of electrical current apd capable of
being polarized by electric field.

2.40 DOUBLESIDED - A singlelayer board construction-with conductor pattern on the two ¢xternal sides
of the base material only. Sometimes referred to as di-clad.

2.41 END PRODUCT - An individual part or assembly in its final completed state. See End{Use Product.

2.42 END-USE PRODUCT - A device or appliance in which a printed wiring board is installed as a
component.

2.42A EPJXY - A class of thermosetting polymers derived from an epoxide resin.

2.43 ETCHANT — A chéemically reactive solution used to remove portions or all materiall from a base
material consgtruction.

process.

2.44 ETCi—]ED —A laminate material in which the conductive layer has been removed Hy a chemical

2.45 ETCHING - The action of chemical, or chemical and electrolytic, removal of conductive or resistive
material.

2.46 EXTERNAL LAYER - The conductor pattern on the external surface of the board construction.

2.47 FAMILY - Multiple grades of materials that have identical IR spectra and performance
characteristics are UL Recognized for the manufacturer as a material family (alternate grades separated
by a comma) of which one grade is representative of others in the family.

2.48 FILAMENT WOUND TUBING — A tube composed of continuous monofilaments or yarns with
controlled orientation in a matrix of cured thermosetting resin.
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2.48A FILLER, INORGANIC - An inorganic material added at the A-Stage which does not react
chemically to form part of the polymer.

2.48B FILLER, ORGANIC — An organic material added at the A-Stage which does not react chemically
to form part of the polymer.

2.49 FILM — A sheet material having a nominal thickness not greater than 0.25 mm (0.010 inch).

2.49A FLAME RETARDANTS - Substances that inhibit or suppress the combustion process when
added to combustible materials. Flame retardants can be Reactive (i.e. chemically bound to the
combustible material) or Additive (i.e. not chemically bound or reacted with the combustible material but

i avanh thranaho )
are dispersed-eveniy-throughouty-

2.50 FLAMI
be evaluated
the material i
of concern in

MABILITY ONLY RECOGNITION — A material intended for use where theé consfruction shall
for a flammability classification only, and the thermal, mechanical, and eléctrical capacity of
5 not of concern and only the flammability classification of the resulting printed wjring board is
the end-use product.
2.51

FOIL JAMINATION — A process for bonding a conductive foil to a dielectric base materi

252 GRAD

2.53 INDUSY
with resin an
may contain
cotton, wove

F — A designation arbitrarily assigned to a material by-the fabricator.

TRIAL LAMINATE - Insulating material consisting of reinforcement impregnat
 laminated under pressure and high temperature with or without vacuum assi
filler and additives. The reinforcement may be fibrous material such as cell
N aramid, nonwoven aramid, woven glass; random laid glass mat or other fibe

The insulati
2.54
2.55 LAMIN

2.56 LAMIN
singlelayer m

2.57 LAYER
planes (i.e., t

r;];
INTERNAL LAYER — A conductor pattern contained entirely within a multilayer board ¢

material may or may not contain reinforcement material. See Base Material.

ATE — The product of bonding two or more layers of material.

ATE THICKNESS =-The thickness of the dielectric material in a singlesided or
etal-clad base material.

-TO-LAYER SPACING - The thickness of dielectric material between adjace
ne physical*distance between adjacent conductor planes).

2.58 MACH

INE,"CUT — Samples cut lengthwise to the surface of the material. See Figu

ed or coated
st. The resin
ulose paper,
rs and films.

bnstruction.

doublesided

nt conductor

re 7.1. Also

known as walpdirectiorcut:

2.59 MASS LAMINATE — An assembly of base material layers (laminate) and bonding layers (prepreg)
laminated together, and which is performed by a base material manufacturer or any other source outside
the printed wiring board fabricator’s facility. Mass laminating is performed in several ways. Two examples
are:

a) The manufacturer of the base material receives the inner layers etched by the printed wiring
board fabricator and, with a bonding layer supplied by the printed wiring board fabricator or from his
own stock, laminates the boards with a solid metal sheet on the external surfaces.

b) The manufacturer of the base material receives art work from the printed wiring board fabricator
or generates his own art work to prepare the inner layers, etches the inner layers of his own in-
house base material, and with a bonding layer laminates the boards with a solid metal sheet on the
external surfaces.
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After either of the above procedures, the laminator returns to the printed wiring board fabricator a
composite of internal layers and solid metal external layers for final etching of external surfaces and/or
plating operations.

2.60 MAXIMUM OPERATING TEMPERATURE (MOT) — The maximum operating temperature is the
maximum continuous use temperature that the laminate in a board construction may be exposed to under
normal operating conditions.

2.60A MELAMINE — A class of melamine—formaldehyde thermosetting polymers which are the product
of the reaction of melamine, which is a trimer of cyanamide, and formaldehyde.

2.61 META
base materig

#ng material or

2.62 METAL CLAD BASE MATERIAL — Base material with metal conductor material or] one or both
sides, with of without adhesive.

2.63 METAL CLAD LAMINATE — See Metal Clad Base Laminate.
2.64 METAL CORE LAMINATE — See Metal Base Laminate.
2.65 METALWEIGHT — See Conductor Weight.

2.66 MINIMUM CONDUCTOR WIDTH — The minimum-width conductor present on the sample or
production pfinted wiring board. See Conductor Base Width.

2.67 MULTJILAYER — Consists of alternate layer§’of conductors and base materials laminated or bonded
together, including at least one internal conductive layer.

2.68 PATTERN — The configuration .of conductive and nonconductive materials on a base dielectric
material.

2.69 PERFORMANCE LEVELSEATEGORIES (PLC) — An integer defining a range of tes| values for a
given electri¢al or mechanical property test.

2.70 PERMANENT COATING — See Permanent Materials.

2.71 PERMANENT MATERIALS — Materials intended to be a part of the board, for the life of the product.

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

2.72A PHENOLIC - A class of phenol-formaldehyde thermosetting polymers which are the product of
the reaction of phenol and formaldehyde. The earliest synthetic polymers to be manufactured.

2.72B PIGMENT - A material added at the A-Stage for the purpose of changing the color from natural in
the C-Stage product.

2.72C POLYESTER - A class of thermosetting polymers typically prepared by the esterification of a
polyfunctional alcohol with a difunctional organic acid.

2.72D POLYIMIDE — A class of thermosetting polymers formed of imide monomers.
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2.73 PREPREG - Fibrous reinforcement material impregnated or coated with a thermosetting resin
binder, and consolidated and cured to an intermediate stage semi-solid product (B-stage resin).

2.74 PRINTED BOARD - See printed circuit board and printed wiring board.
2.75 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
printed wiring board and printed board.

2.76 PRINTED WIRING BOARD - A completely processed combination of a printed wiring pattern,
including printed components, and the base material. See printed circuit board and printed board.

2.77 REINHORCEMENT MATERIAL — Any material (i.e. fibrous, continuous, sheet, etc:
enhancing the base material mechanical or physical performance.

) capable of

2.78 RELATIVE THERMAL INDEX (RTI) — Maximum service temperature for aimaterial, where a class

of critical pr

the reasonablje life of an electrical product, relative to a reference material having a confirmeg
corresponding performance-defined RTI.

2.78A RESIN, A-STAGE — The first stage in the production of a thefmosetting polymer in wh

and fusible p

2.78B RESIN, B-STAGE — The second stage in the production of a thermosetting polyme

partially bran
completely in

2.78C RES
sufficiently hi
laminate whe]

2.79 RESIN
(one pass) or
stage resin. [
foil and B-sta

2.79A RESIN, EPOXIDE — A resin formed from a prepolymer present in the A-Stage which

the character

erties will not be unacceptably compromised through chemical\thermal degradation, over

epolymer is formed. Commonly known as a varnish,
ched and crosslinked. However, network, foffmation is not so advanced that th
5oluble and infusible. Commonly known as-prepreg when combined with a reinfo
N, C-STAGE - The final stage in the production of a thermosetting polymer so
gh crosslinking density to rendet'it completely insoluble and infusible. Commonl

h combined with a reinforcement.

COATED COPPER FOIL (RCF) — Metal foil coated with unreinforced resin us

, acceptable

ich a soluble

r where it is
e material is
rcement.

that it has a
known as a

ing a single-

double- (two pass).coated system. Single-coated foils are usually coated with ofe layer of B-

Double-coated foils are usually coated with two layers of resin; C-stage resin ag
he resin on the 'surface of the C-stage resin.

jacent to the

incorporates

stic axirane three-membered heterocycle of two carbon atoms and one oxygen atom.

2.79B RES

network that rep

resented the greatest weight percent of resins in the A-Stage.

vy

iato a polymer

2.79C RESIN, SECONDARY — A resin added at the A-Stage of greater than 3 weight percent which may
or may not chemically react with the primary resin and which does not form part of the curing or flame-
retardant system.

2.79D RESIN SYSTEM — The resin system of a composite material comprises the resin matrix that binds
and transfers mechanical load through the reinforcement to the rest of the structure.

2.79E RESIN, THERMOSETTING — A polymer that may be crosslinked by the application of heat and/or
a suitable curing agent to form a thermoset polymer. Once crosslinked a thermosetting resin cannot be
significantly re-softened or re-shaped by reheating. Thermoset polymers are commonly produced by
lamination, compression or transfer molding.
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2.79F RESIN, THERMOPLASTIC —A plastic material that significantly softens on heating and hardens
on cooling in a process that may be repeated many times. Thermoplastic materials are commonly
produced and distributed in the form of pellets or powder, and shaped into the final product form by
melting, pressing, or injection molding.

2.80 RESIST COATING — Material supplied in liquid or film form to mask or to protect selected areas of a
pattern from the action of an etchant, solder or plating, which remains on the printed wiring board after
processing.

2.81 RIGID INDUSTRIAL LAMINATE - Fibrous reinforcing material that is impregnated or coated with a
thermosetting resin or thermoplastic resin binder and consolidated under high temperature and pressure

into dense salid product

2.82 RIGIO
materials.

2.83 SAMH

2.83A SILI
the crosslink

2.84 SING

PRINTED WIRING BOARD - A printed wiring board produced using _rigid’b

LE — A test vehicle which may be a production material, or a portionthere of, or

CONE — A class of three-dimensional polymerized siloxane thermosetting polym
ng of highly branched silicone precursors.

LELAYER — Singlelayer board constructions are doublesided constructions witk

dielectric materials(s) separating the conductor planes, and ‘singlesided constructions

conductor pl
2.85 SING
2.86 SOLD

2.87 SOLD
areas during

2.88 SPUT
environment

2.89 SUBS

290 TEMH
process invo

hne on one side of a dielectric materials(s).
| E-SIDED — A board with conductor pattern'on one side of the dielectric material
ER MASK - See Solder Resist.

ER RESIST — A coating .material intended to prevent deposition of solder y
solder operations.

and the subsequent deposition of ejected atoms onto the surface of the substrat
TRATE —See Core Material.

ERATURE PROFILE — The temperatures a select point traverses as it pass
ving'multiple temperatures and dwell times.

ase dielectric

h coupon.

brs formed by

one layer of
with a single

s).

pon selected

TERING — The ejection of atoms caused by ion bombardment of a target material in a plasma

D

= -

es through a

291 TEST

PATTERN — The conductor pattern intended for test and inspection purposes.

2.92 TRANSVERSE CUT - Samples cut normal to the surface of the material. See Figure 7.1. Also
known as fill direction cut.

2.93 UL/ANSI TYPE MATERIAL — A specific type designation for materials defined in this standard as
having certain base material, resin, thermal index and profiles of minimum performance.

2.94 UNCLAD - A dielectric or laminate material without foil or conductive material (never copper clad).

2.95 VULCANIZED FIBRE — A dense material of partially regenerated cellulose in which the fibrous
sheet structure is retained in varying degrees, depending on the grade of fibre.
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2.96 X-AXIS — A reference axis, usually horizontal or left-to-right direction in a two dimension coordinate
system.

2.97 Y-AXIS - A reference axis, usually vertical or bottom-to-top direction in a two dimension coordinate
system. The x and y axis are usually perpendicular to one another, in a two or three dimension coordinate
system.

2.98 Z-AXIS — The axis perpendicular to the plane created by the x and y reference axis. This axis

usually refers to the thickness of a laminate construction.

3 Units of Measurement

3.1 Values
approximate

stated without parentheses are the requirement. Values in parentheses are e
nformation.

4 Measurement Accuracy and Testing Conditions

4.1 A meas
measuring th

4.2 Prior to
Practice for

Atmospheres
and 50210 p

uring device used to perform the tests required by this Standard, shall be
b specified parameter with an accuracy within 10 percent of the’'measured paranm

all tests, subject all samples to a stabilization period in accordance with {
Conditioning Plastics for Testing, ASTM D618, abd“the Standard for Plastics
for Conditioning and Testing, ISO 291, for a minimum of 40 hours at 23 +2°C
brcent RH, unless specified otherwise in the individual test method.

4.3 During the test, the standard atmospheric conditions surrounding the sample shall be

(77°F +18°F
method.

4.4 Flammd

and 50 +10 percent relative humidity, unless otherwise specified in the in

bility samples shall be preconditioned as described in the Standard for Tests for

of Plastic Malferials for Parts in Devices and Appliances, UL 94. As an alternative to the 70°C {

preconditioni
conditions of

45 Once s
shall be teste

Ng, industrial laminate and solder resist materials shall be preconditioned using
125 £2°C for 24 £1+haqurs, unless otherwise specified.

bmples are remoeved from the thermal or humidity pre-conditioning environm
d within 30-minutes or the specified time period.

5 Supplemgntary-Test Procedures

planatory or

capable of
eter.

he Standard
— Standard
73.4 £3.6°F)

25°C +10°C
dividual test

Flammability
or 168 hours
the alternate

ent, samples

5.1 These
standards:

a)

equirenents are mtended—tobe—used—im conjunction with—the—fottowing ey

uirements or

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 — Use in Electrical Equipment Evaluations, UL 746C, 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. UL 746C is intended for the evaluations of polymeric materials in specific
applications in end products.

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

d) The Standard for Flexible Materials Interconnect Constructions, UL 796F, contains the minimum
performance requirements for flexible printed wiring boards and interconnect constructions.

6 References

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

interpreted a

6.2 The fol

s referring to the latest edition of that code or standard.

wing pllh“(“ﬂﬁan are referenced in this standard-

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

ASTN D 257 — Standard Methods of Test for DC Resistance or Gonductance |of Insulating
Materials.

ASTN! D 348 — Standard Test Methods for Rigid Tubes Used for Elegctrical Insulation.
ASTN D 374 — Standard Test Methods for Thickness of Solid Electrical Insulation..

ASTN! D 495 — Standard Test Method for High-Voltage,d . ow-Current, Dry Arc Resistance of Solid
Electfical Insulation.

ASTN! D 570 — Standard Test Method of Test for'Water Absorption of Plastics.
ASTNI D 618 — Standard Practice for Conditioning Plastics for Testing.
ASTNI D 619 — Standard Test Methodsfor Vulcanized Fibre Used for Electrical Insulat|on.

ASTNI D 790 — Standard Test:Methods for Flexural Properties of Unreinforced and Reinforced
Plastics and Electrical Insulating Materials..

ASTNI D 882 — Standardslest Methods for Tensile Properties of Thin Plastic Sheeting.

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

ASTN! D 3850~ Standard Test Method for Rapid Thermal Degradation of Solid Electrical Insulating
Materials.by Thermogravimetric Method (TGA).

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

ASTM E 3 — Standard Guide for Preparation of Metallographic Specimens.

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

IEC 62321-3-2 — Determination of certain substances in electrotechnical products — Part 3-2:
Screening — Flourine, chlorine and bromine in polymers and electronics by Combustion — lon
Chromatography (C-IC).

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

IPC TM-650 2.1.1 — Microsectioning Manual and Semi or Automatic Method.
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ISO 291 — Plastics — Standard Atmospheres for Conditioning and Testing.

INDUSTRIAL LAMINATES

7 General

7.1 The dielectric material test programs are divided into parts, as shown in Table 7.1 to determine the
physical, electrical, flammability, thermal and other performance property characteristics based on the
material construction and specific application.

Table 7.1

Description of Application-Specific Test Programs in UL 746E

Section Program Description
8 UL/ANSI abbreviated evaluation Test program-forlaminates|with
comparable«characteristicq to the
UL/ANSI'type materials quplify for
reduced testing
9 UL/ANSI or Non-ANSI full evaluation Testprogram for full charagterization of
the material performance
10 UL/ANSI or Non-ANSI ultrathin materials: | Test program for characterfzation of thin
and Prepreg Test Program material.
1" Non-reinforced materials and other Test program for character{zation of non-
materials requiring mechanical'support reinforced materials requiring mechanical
support
12 Metal base laminates Test program for characterfzation of
metal base laminate / composite material
13 Flexible film censtructions See UL 746F for Flexible Material
investigations
19 Metal clad laminates Test program for character|zation of
metal clad material
20 Metal clad mass laminated multilayer Test program for character|zation of
laminates prefabricated multilayer lainate
7.1A The material constituent component details shall be provided by the supplier. The constituent

details shall i
Pigment, Prin

7.2 Profiles

nclude, butare not limited to: Curing Agent, Flame Retardant, Inorganic Filler, G

nary Resing Reinforcement and Secondary Resin.

ofiminimum performance, relative thermal indices, and major constituents

laminates ard

given in Table 7.2 — Table 7.4 These profiles are minimum characteristics re

rganic Filler,

of industrial

fuired for an

industrial laminate to be assigned a UL/ANSI type designation.
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Table 7.2
Rigid Industrial Laminate Profiles of Performance
Max Max
Min HWI HVAR HVIR
UL/ANSI |_Min thickness Min HAI (Arc) (Sec) (Sec) | (in/min) |D495Sec| MinDS | Mings | CTI(V) | o .
Type mm inch | Flamcjass | 0S AS PLC PLC PLC kV/imm [(MPa(gsi) | PLC cm x10? | WA %Chg
X 0.71 | 0.028 HB (24) (200) (6) (300) (11.7) - - 151.7 - - -
3 0 5 0 4 (22,000)
145 | 0.057 HB (24) (200) (®) (300) (9.6) 5 9.6/- 172.4 - - -
3 0 4 0 4 (25,000)
XP 0.71 | 0.028 - (10) (200) (7) (300) (8.4) - 26.9/- 82.7 - - -
4 0 4 0 4 (12,000)
1.45 0.57 HB (19) (145) 7) (300) (8.9) - 19.4/- 89.4 - - -
3 0 4 0 4 (13,000)
XPC 0.71 | 0.028 HB (10) (200) 7) (15) (10.0) - - - - - -
4 0 4 3 4
145 | 0.057 HH (16) (200) ®) (300) (10.8) 6 21.8/- 68.9 - - -
3 0 4 0 4 (10,000)
XX 0.71 | 0.028 HB ®) (200) (6) (300) (11.0) - 29.9/- 103.4 - - -
4 0 5 0 4 (15,000)
145 | 0.057 HB (12) (200) 7) (300) (15.4) - 19.5/~ 103.4 - - -
4 0 4 0 4 (15,000)
XXP 0.71 | 0.028 HH 1) (200) (5) (300) (12.1) - - 96.5 - - -
4 0 5 0 4 (14,000)
145 | 0.057 HB (15) (200) @) (300) (22.0) 5 15.71- 96.5 - - -
3 0 4 0 4 (14,000)
XXX 0.71 | 0.028 - (10) (200) ®) (300) (13.3) - - 93.1 - - -

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Max Max
Min HWI HVAR HVTR
UL/ANSI Min thickness Min HAI (Arc) (Sec) (Sec) (infmin) | p495Sec| MinDS Min ES CTI (V) VR ohm-
Type mm inch | Flam cILss 0os AS PLC PLC PLC kVimm | MPa (psi PLC cmx10? | WA %Chg
4 0 4 0 4 (13,500
1.45 0.057 HB (11) (200) (10) (300) (12.1) 4 - 93.1 - - -
4 0 4 0 4 (13,500
XXXP 0.71 0.028 HB (18) (200) (6) (300) (7.5) - 38.4/18.6 82.7 - - -
3 0 5 0 4 (12,000
1.45 0.057 HB 17) (200) (8) (300) (11.3) 6 - 82.7 (100) - -
3 0 4 0 4 (12,000 4
XXXPC 0.71 0.028 HB (11) (128) (5) (300) (13.0) - - 82.7 - - -
4 0 5 0 4 (12,000
1.45 0.057 HB (19) (200) (6) (300) (11.6) - - 82.7 (100) 7,5 -
3 0 5 0 4 (12,000 4
Cc 0.63 0.025 - (7) (200) (8) (300) (11.7) - - 117.2 - - -
4 0 4 0 4 (17,000
1.40 0.055 HB (7) (200) 9) (300) (10.6) 4 8.9/ 117.2 - - -
4 0 4 0 4 (17,000
CE 0.63 0.025 - (7) (200) 9) (300) (15.0) - 18.3/- 113.8 - - -
4 0 4 0 4 (16,500
1.40 0.055 HB (6) (200) 9) (300) (14.3) 6 15.9/- 113.8 - - -
4 0 4 0 4 (16,500
L 0.63 0.025 - (10) (200) (5) (300) (14.0) - - 113.8 - - -
4 0 5 0 4 (16,500)

Table 7.2 Continued on Next Page
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Table 7.2 Continued
Max Max
Min HWI HVAR HVTR
UL/ANSI |__Min thickness Min HAI (Arc) (Sec) (Sec) | (inimin) 1D495Sec!{ MinDS | Mings | CTH(V) |
Type mm inch | Flam cJass 0s AS PLC PLC PLC kV/imm | MPa|(gsi) PLC cm x102 | WA %Chg
1.45 0.057 HB (11) (200) (6) (300) (15.0) 4 7.3/- M3. - - -
4 0 5 0 4 (16,500)
LE 0.63 0.025 - (10) (200) (7) (300) (15.7) - - 110. - - -
4 0 4 0 4 (16,000)
1.45 0.057 HB (6) (200) (9) (300) (17.2) 4 11.0/- 110.8 - - -
4 0 4 0 4 (16,000)
G-3 0.63 0.025 HB (6) (200) (9) (300) (12.0) - 30.6/— 124, - - -
4 0 4 0 4 (18,00d)
1.40 0.055 HB (6) (200) (17) (300) (24.0) - 16.3/— 137.9 - - -
4 0 3 0 4 (20,000)
G-5 0.63 0.025 V-( (24) (200) (11) (300) (0.2) - - 379. - - -
3 0 4 0 0 (55,000)
1.40 0.055 \VA (57) (200) (18) (300) (0.2) 6 28.0/- 3447 - - -
2 0 3 0 0 (50,00Q)
G-7 0.63 0.025 V-( (6) (200) (15) (300) (0.1) - 14.8/- 68.9 - - -
4 0 3 0 0 (10,00Q)
1.40 0.055 \A (6) (200) (11) (300) (0.1) - 7.71- 137.9 - - -
4 0 4 0 0 (20,00Q)
G-9 0.63 0.025 V-0 (53) (200) (6) (300) (11.7) - 23.2/— - - - -
2 0 5 0 4
1.40 0.055 V-0 (83) (200) (20) (300) (0.2) - 25.2/— 4137 - - -
1 0 3 0 0 (60,000)

Table 7.2 Continued on Next Page
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Table 7.2 Continued
Max Max
Min HWI HVAR HVTR
UL/ANSI Min thickness Min HAI (Arc) (Sec) (Sec) (infmin) | p495Sec| MinDS Min ES CTI (V) VR ohm-
Type mm inch | Flam cILss 0os AS PLC PLC PLC kVimm | MPa (psi PLC cmx10? | WA %Chg
G-10 0.63 0.025 HB (39) (200) 9) (300) (0.8) - 32.0/298 |V 4137 - - -
2 0 4 0 0 (60,000
1.40 0.055 HB (42) (200) (12) (300) (0.8) 3 - 413.7] (100) 9,9 0.20
2 0 4 0 0 (60,000 4
G-11 0.63 0.025 HB (5) (114) (9) (300) (19.0) - 39.0/- 413.7] - - -
4 1 4 0 4 (60,000
1.40 0.055 HB ) (200) (17) (300) (12:0) - 34.1/- 413.7] - - -
4 0 3 0 4 (60,000
FR-1 0.71 0.028 V-1, V{0 (17) (200) (15) (300J (7.0 - - - - - -
3 0 3 0 4
1.45 0.057 V-1, VIO (18) (200) (15) (300) (7.0) 126 19.7/15.7 68.9 (100) 9,7 -
3 0 3 0 4 (10,000 4
FR-2 0.71 0.028 V-1, }0 (17) (200) (8) (300) (14.5) - 32.6/23.0 82.7 - - -
3 0 4 0 4 (12,000
1.45 0.057 V-1, }0 (18) (200) (9) (300) (10.5) 93 - 82.7 4 76 -
3 0 4 0 4 (12,000
FR-3 0.71 0.028 V-1, {0 (124) (200) (59) (300) (17.5) - 31.2/26.1 137.9 - - -
0 0 2 0 4 (20,000
1.45 0.057 V-1, V-0 (200) (200) (133) (300) (35.0) - - 137.9 (100) 8,8 -
0 0 0 0 4 (20,000) 4
FR-4.0 0.63 0.025 V-0 (16) (200) (300) (300) (10.4) - 31.8/30.7 413.7 - - -

Table 7.2 Continued on Next Page
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Table 7.2 Continued
Max Max
Min HWI HVAR HVTR
UL/ANSI Min thickness Min HAI (Arc) (Sec) (Sec) (infmin) | D 495Sec| MinDS Min ES CTI (V) VR ohm-
Type mm inch | Flam cJass 0s AS PLC PLC PLC kV/imm | MPa|(gsi) PLC cm x10® | WA %Chg
3 0 0 0 4 (60,00Q)
1.40 0.055 V- (48) (200) (300) (300) (13.7) 14 - 413.Y (100) 9,9 0.20
2 0 0 0 4 (60,00Q) 4
FR-4.1 0.63 0.025 V-( (16) (200) (300) (300) (10.4) - 31.8/30.7 413y - - -
3 0 0 0 4 (60,00Q)
1.40 0.055 V-( (48) (200) (300) (300) (13.7) 14 - 4137 (100) 9,9 0.20
2 0 0 0 4 (60,00Q) 4
FR-5 0.63 0.025 V-1, Y-0 (16) (200) (18) (300) (16.6) - 31.2/29.6 413y - - -
3 0 3 0 4 (60,00Q)
1.40 0.055 V-1, Y-0 (48) (200) (44) (300) (16.5) 4 - 413.Y (100) 9,9 0.20
2 0 2 0 4 (60,00Q) 4
FR-15.0 0.63 0.025 V-( (16) (200) (300) (300) (10.4) - 31.8/30.7 4137y - - -
3 0 0 0 4 (60,0d0)
1.40 0.055 V-( (48) (200) (300) (300) (13.7) (14) - 413.Y (100) 9,9 0.20
2 0 0 0 4 3 (60,0q0) 4
FR-15.1 0.63 0.025 V-( (16) (200) (300) (300) (10.4) - 31.8/30.7 4137 - - -
3 0 0 0 4 (60,0d0)
1.40 0.055 V-( (48) (200) (300) (300) (13.7) (14) - 413.Y (100) 9,9 0.20
2 0 0 0 4 3 (60,0q0) 4
CEM-1 0.63 0.025 V-0 (33) (200) (25) (120) (24.0) - 38.6/35.9 3447 - - -
2 0 3 1 4 (50,000)

Table 7.2 Continued on Next Page
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Table 7.2 Continued

Max Max
Min HWI HVAR HVTR
UL/ANSI Min thickness Min HAI (Arc) (Sec) (Sec) (infmin) | p495Sec| MinDS | MinES CTI (V) VR ohm-
Type mm inch | Flam cILss (of] AS PLC PLC PLC kV/mm | MPa (pgi) PLC cm x10® | WA %Chg
1.57 0.062 V-0 (42) (200) (79) (120) (14.7) 109 30.3/28.1 241.3 (200) 8,8 0.14
2 0 1 1 4 (35,000 3
CEM-3.0 0.63 0.025 V-0 (44) (200) (120) (120) (11.4) - 2915/28.4 344.7 - - -
2 0 0 1 4 (50,000
1.40 0.055 V-0 (47) (200) (120) (120) (11.3) - - 275.6 (225) 8,12 0.21
2 0 0 1 4 (40,000 3
CEM-3.1 0.63 0.025 V-0 (44) (200) (120) (120) (11:4). - 29.5/28.4 344.7 - - -
2 0 0 1 4 (50,000
1.40 0.055 V-0 (47) (200) (120) (120) (11.3) - - 275.6 (225) 8,12 0.21
2 0 0 1 4 (40,000 3
GPO-2 0.63 0.025 HB (168) (200) (51) (300) (1.0) - 14.4/8.8 - - - -
0 0 2 0 1
1.40 0.055 V-0 (181) (200) (84) (300) (0.3) 111 - 124.1 (600) 7,6 0.20
0 0 1 0 0 (18,000 0
GPO-3 0.63 0.025 HB (200) (200) (67) (300) (0.1) - 17.2/- - - - -
0 0 1 0 0
1.40 0.055 V-0 (200) (200) (130) (300) (0.13) 151 - 1241 (500) - 0.28
0 0 0 0 0 (18,000 1
GPY 0.63 0.025 | HB, V-1,V-0 3 (200) (300) (15) 0 - 38.9/37.8 448.2 - 8,14 -
0 0 3 (65,000)
1.40 0.055 | HB, V-1,V-0 3 (200) (300) (300) 0 183 - 368.9 (100) - -
0 0 0 (53,500) 4

Table 7.2 Continued on Next Page
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Table 7.2 Continued
Max Max
Min HWI HVAR HVTR
UL/ANSI Min thickness Min HAI (Arc) (Sec) (Sec) (infmin) {p495Sec| MinDS | MinFS CTI(V) VR ohm-
Type mm inch | Flam cJass 0s AS PLC PLC PLC kV/imm | MPa|(gsi) PLC cm x102 | WA %Chg
NOTES

Dry/Wet = (40 hours/23°C/50% R.H,
HAI- high-current arc ignition

HWI — hot wire ignition

HVTR — high-voltage tracking rate

2
3
4
5 HVAR- high-voltage arc resistance
6 Flam class — flammability classificati
7 CTI - comparative tracking index (All
8 VR - volume resistivity

9 WA — water absorption

10 The exponent "a" in the "VR" colum
second number corresponds to the wet G

11 DS - Dielectric Strength
12 FS - Flexural Strength
13 D495 - Arc Resistance, Standard T¢

1 For dielectric strength and volume rekistivity the double values are:

/(96 hours/35°C/90% R.H.)

n

pndition as described in Note 1.

samples for the CTl are to be 3.2 mm or 0.125 inch thick)

header corresponds to the pairs of numbers shown in the column. The first number in the pair corre

st Method for High-Voltage, Low=Current, Dry Arc Resistance of Solid Electrical Insulation, ASTM D4

195

Bponds to the dry condition and the
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Table 7.3
Rigid Industrial Laminate and Relative Thermal Index

Minimum thickness

Nominal thickness

Relative thermal index

UL/ANSI Type mm (inch) mm (inch) Electrical Mechanical
X 0.71 (0.028) 0.8 (0.031) 130 130
XP 0.71 (0.028) 0.8 (0.031) 130 130
XPC 0.71 (0.028) 0.8 (0.031) 130 130
XX 0.71 (0.028) 0.8 (0.031) 130 130
1.45 (0.057) 1.6 (0.062) 140 140
XXP 74 (66283 58 6634 136 130
1.45 (0.057) 1.6 (0.062) 140 140
XXX 0.71 (0.028) 0.8 (0.031) 130 130
1.45 (0.057) 16 (0.062) 140 140
XXXP 0.71 (0.028) 0.8 (0.031) 125 125
XXXPC 0.71 (0.028) 0.8 (0.031) 125 125
c 0.63 (0.025) 0.8 (0.031) 85 115
1.40 (0.055) 1.6 (0.062) 115 125
CE 0.63 (0.025) 0.8 (0.031) 85 115
1.40 (0.055) 1.6 (0.062) 115 125
L 0.63 (0.025) 0.8 (0.031) 85 115
1.45 (0.057) 1.6 (0.062) 115 125
LE 0.63 (0.025) 0.8 (0.031) 115 85
1.45 (0.057) 1.6 (0.062) 115 125
G-3 0.63 (0.025) 0.8 (0.031) 140 170
G5 0.63 (0.025) 0.8 (0.031) 50 140
G-7 0.63 (0.025) 0.8 (0.031) 170 220
G-9 0.63 (0.025) 0.8 (0.031) 50 140
G-10 0.63 (0.025) 0.8 (0.031) 130 140
G-11 0.63 (0.025) 0.8 (0.031) 140 160
1.40 (0.055) 1.6 (0.062) 170 180
FR-1 074 (0.028) 0.8 (0.031) 130 130
FR-2 0.71 (0.028) 0.8 (0.031) 75 75
1.45 (0.057) 16 (0.062) 105 105
FR-3 0.71 (0.028) 0.8 (0.031) 90 90
1.45 (0.057) 1.6 (0.062) 110 110
FR-4.0 0.63 (0.025) 0.8 (0.031) 130 140
FR-4.1 0.63 (0.025) 0.8 (0.031) 130 140
FR-5 0.63 (0.025) 0.8 (0.031) 140 160
1.40 (0.055) 1.6 (0.062) 170 180
FR-15.0 0.63 (0.025) 0.8 (0.031) 150 150
FR-15.1 0.63 (0.025) 0.8 (0.031) 150 150
CEM-1 0.63 (0.025) 0.8 (0.031) 130 140
CEM-3.0 0.63 (0.025) 0.8 (0.031) 130 140

Table 7.3 Continued on Next Page
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Table 7.3 Continued

Minimum thickness Nominal thickness Relative thermal index
UL/ANSI Type mm (inch) mm (inch) Electrical Mechanical
1.40 (0.055) 1.6 (0.062) 130 140
CEM-3.1 0.63 (0.025) 0.8 (0.031) 130 140
1.40 (0.055) 1.6 (0.062) 130 140
GPO-2 0.63 (0.025) 0.8 (0.031) c c
1.40 (0.055) 1.6 (0.062) 105° 160
GPO-3 0.63 (0.025) 0.8 (0.031) c c
1.40 (0.055) 16 (0.062) T05° 140
GPY 0.63 (0.025) 0.8 (0.031) 140 160
1.40 (0.055) 1.6 (0.062) 170 180
@ A maximum felative thermal index of 130°C may be assigned on successful completion of 2-point therimal aging pfogram.
® A maximum felative thermal index of 120°C may be assigned on successful completion of 2-pointthermal aging pfogram.
¢ For 0.63 mm|(0.025 inch) thick material, a 2-point thermal aging program is required before.a temperature rating i$ assigned.
See Section 9] especially 9.4, for additional information regarding 2-point thermal aging programs.
Table 7.4
Industrial Laminate Constituents
UL/ANSI type Resin Reinforcement matgrial
X Phenolic Paper
XP Phenolic Paper
XPC Phenolic Paper
XX Phenolic Paper
XXP Phenolic Paper
XXX Phenolic Paper
XXXP Phenolic Paper
XXPC Phenolic Paper
Cc Phenolic Cotton fabric
CE Phenolic Cotton fabric
L Phenolic Cotton fabric
LE Phenolic Cotton fabric
G-3 Phenolic Continuous filament woven gIassI fabric
G-5 Melamine Continuous filament woven glass fabric
G-7 Silicone Continuous filament woven glass fabric
G-9 Melamine Continuous filament woven glass fabric
G-10 Epoxy Continuous filament woven glass fabric
G-11 Epoxy Continuous filament woven glass fabric
FR-1 Phenolic Paper
FR-2 Phenolic Paper
FR-3 Epoxy Paper
FR-4.0° Brominated Epoxy Continuous filament woven glass fabric
FR-4.12P Non-Halogenated Epoxy Continuous filament woven glass fabric

Table 7.4 Continued on Next Page
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Table 7.4 Continued
UL/ANSI type Resin Reinforcement material
FR-5 Epoxy Continuous filament woven glass fabric
CEM-1 Epoxy Continuous filament woven glass fabric
surfaces, cellulose paper core
FR-15.02 Brominated Epoxy Continuous filament woven glass fabric
FR-15.12P Non-Halogenated Epoxy Continuous filament woven glass fabric
CEM-3.0° Brominated Epoxy Continuous filament woven glass fabric
surfaces, nonwoven glass core
CEM-3.15¢ Non-Halogenated Epoxy Continuous filament woven glass fabric
surfaces, nonwoven glass core
GPO-2 Polyester Random laid material of glass fibgrs
GPO-3 Polyester Random laid material of'glass fibgrs
FR-6 Polyester Random laid material of glass fibgrs
GPY Polyimide Continuous filament woven glass fabric
@ Total inorganig filler content equal to 45 percent maximum by weight in accordance with 7.20:
b Total halogen|content equal to 900 ppm maximum Bromine or Chlorine and 1500 ppm conibined Bromine and Chigrine tested in
accordance with 7.13.
¢ Total inorganig filler content equal to 90 percent maximum by weight excluding the réinforcement.

7.3 The prg
samples, cor
thinnest end
machine cut

Example

Grain
or

sideration is to be given to testing samples representative of both the thic
product applications, and where mechanical tests are involved, testing sam

Figure 7.1

of Machine, Bias and Transverse Cut Samples — Used for Materials with Or
Dependent Properties, such as Seen with Woven Fibers

\/

Machine
Direction

su1349

perties of materials may vary with thickness_and orientation. Therefore, when preparing

est and the

bles that are
bias cut, and transverse cut to the\ surface of the material based on drientation of
reinforcement. See Figure 7.1 for examples of maghine, bias and transverse cut samples.

entation

/\

Machine Cut Transverse Cut

Bias Cut
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7.4 The industrial laminate sample thickness shall be measured and tested in accordance with ASTM D
374, Method A or C. The deviation from the sample minimum thickness shall be within the allowable range
specified in Table 7.6 for UL/ANSI laminates and Table 7.5 for Non-ANSI laminates and other UL/ANSI
laminate thicknesses not represented in Table 7.6.

7.5 Flammability tests shall be conducted in accordance with the Standard for Tests for Flammability of
Plastic Materials for Parts in Devices and Appliances, UL 94.

7.6 Qualitative infrared (IR) testing is performed for the characterization of dielectric material. IR shall be

conducted b

surface scraping of the glossy side of the industrial laminate or based on the appropriate test

procedure in
746A. The irn
that materia
performed o
variations in

7.7 Thermg

accordance with the Standard for Polymeric Materials — Short Term Property&\
frared spectrum for each type of material is unique and can be considered|ch
. UL 746A, Appendix A contains the infrared analysis conformance(criteria
n each unique layer contained in the material construction to appropriately|
the material if the construction is non-homogenous.

gravimetric Analysis (TGA) testing is performed for determinhation of the

decompositipn of a solid polymeric material to characterize the material and shall be
with the Standard for Polymeric Materials — Short Jerm' Property Evaluatiofs, UL 746A.
Appendix B ¢f UL 746A contains the thermogravimetric analysis eonformance criteria.

accordance

7.8 Differeptial Scanning Calorimetry (DSC) testing is performed for determining transition

of a solid po
Standard for
contains the

7.9 Ash co
Short Term R
as fiberglass

7.10 Flexu
Materials — §
Ten sampleg
section. San
of crossheag

ymeric material to characterize the material,and shall be conducted in accord
Polymeric Materials — Short Term Properiy Evaluations, UL 746A. Appendix (
differential scanning calorimetry conformance criteria.

htent testing shall be conducted.in“accordance with the Standard for Polymer
roperty Evaluations, UL 746A, on materials that contain noncombustible reinfor|

al strength testing (shall be conducted in accordance with the Standard f
bhort Term PropertycEvaluations, UL 746A, on samples cut in the machine (gr
shall be tested with dimensions and thicknesses specified in the appropria
ples with a 146 mm nominal thickness, the support span shall be 25 mm (1 inch
motion shall’be 0.8 mm/min (0.03 in/min). Samples with a 0.8 mm nominal t

support span shall bey16 mm (0.63 inch) and the rate of crosshead motion shall be 0.5 1

in/min).

aluations, UL
aracteristic of

IR shall be
characterize

apid thermal
conducted in

temperatures
hnce with the
D of UL 746A

c Materials —
cement, such

or Polymeric
pin) direction.
e application
and the rate
hickness, the
nm/min (0.02

7.11 Thern

a—aging—programs—shat—beconducted—im—accordance with—the—Standard

Materials — Long Term Property Evaluations, UL 746B.

or Polymeric

7.12 The performance tests shall be conducted in accordance with the Standard for Polymeric Materials
— Short Term Property Evaluations, UL 746A.


https://ulnorm.com/api/?name=UL 746E 2022.pdf

26 UL 746E JANUARY 27, 2022

Table 7.5
Industrial Laminate Sample Build-Up Thickness Tolerance
Laminate nominal thickness, Thickness tolerance,
mm (in) mm (in)

Less than 0.020 Less than 0.0008 +0.003 +0.0001

0.020-0.074 0.0007 —0.003 +0.010 +0.0004

0.075-0.099 0.003 — 0.004 +£0.013 +0.0005

0.10-0.19 0.004 —0.007 £0.02 +0.0008

0.20-0.37 0.008 —0.014 £0.03 +0.0012

0.38-0.49 0.015-0.019 +0.04 +0.0016

0.5040.62 0.020 — 0.024 £0.05 +0,0p19

0.6341.59 0.025 —0.061 +0.08 £0.0p31

1.60 1 2.54 0.062—0.100 £0.10 +0.004

Greater than 2.55 Greater than 0.100 +0.13 +0.905

Table 7.6
UL/ANSI Industrial Laminate Sample Build Up Thickness Tolerance?®
Minimum thickness Nominal thickness

UL/ANSI Type mm (Inch) mm Inch)
X, XP, XPC, XX, XXP, 0.71 (0.028) 0.8 (p.031)
XXX, XRXP, XOPXPC 145 (0.057) 16 (0.062)
C,CE 0.63 (0.025) 0.8 (p.031)
1.40 (0,055) 1.6 (p.062)
L,LE 0.63 (0.025) 0.8 (p.031)
1.45 (0.057) 1.6 (.062)
G-3, G-5, G-7, [3-9, G- 0.63 (0.025) 0.8 (p.031)
i 1.40 (0.055) 1.6 (p.062)
FR-1, FR-2, FR-3 0.74 (0.028) 0.8 (p.031)
1145 (0.57) 1.6 (.062)
FR-5, CEM-1, GEM- 0.63 (0.025) 0.8 (p.031)
gg’ocff'\"'3'1' pPO-2, 1.40 (0.055) 1.6 (0.062)
G-10, FR-4.0, fR-4.1; 0.38 (0.015) 0.43 (p.017)
FR-15.0, FR-13.1,GRY 0.63 (0.025) 0.8 (p.031)
1.40 (0.055) 1.6 (0.062)

& Samples submitted with a thickness between the minimum thickness and the nominal thickness are to receive a rating
corresponding to the minimum thickness.

7.13 Total halogen content testing (i.e. the total amount of chlorine and bromine) in base materials shall
be conducted in accordance with one of the following methods:

a) IEC 61189-2: Test methods for electrical materials, printed boards and other interconnection
structures and assemblies — Part 2: Test methods for materials for interconnection structures, Test
2C12: Total halogen content in base materials; or

b) IEC 62321-3-2 — Determination of certain substances in electrotechnical products — Part 3-2:
Screening — Flourine, chlorine and bromine in polymers and electronics by Combustion — lon
Chromatography (C-IC).
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7.14 This total halogen test is performed on unclad base materials with a minimum thickness of 1.5 mm
with a retained resin content of 40 — 45 percent in accordance with the Specification for Base Materials for
Rigid and Multilayer Printed Boards, IPC 4101.

7.15 Base materials (resin system plus reinforcement matrix) found to have a maximum total halogen
content of 1500 ppm with a maximum chlorine content of 900 ppm and maximum bromine content of 900
ppm are defined as "non-halogenated."

7.16 Industrial laminates are evaluated for designation as a specific UL/ANSI material type or other
designation by using the procedures in this Standard to obtain a profile of performance for comparison
with those of known UL/ANSI material types. Figure 7.2 and Figure 7.3 shows the procedures to be
followed in this_evaluation
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Figure 7.2

Testing and Evaluation Program for Rigid Industrial Laminates

Does the material
meet UL/ANSI typ

constit-uent NO
e requirement? @

YES

Is the material modified based

——{ on currently Rfm‘grnzsu
NO | industrial lamihate?

Is the material modified based
on currently Recognized
industrial laminate?

* YES

Modification of Recognized
laminate with variation(s)
within limits established in
UL 746A?

NO Full Indexing. 4 point thermal aging with
thermal index ratings per test results;
Non-UL/ANSI Recognition.

NO Full indexing. 2 or 4 point thermal aging

with thermal index ratings per test
results; Non-UL/ANSI Recognition.

YES

Modification pf Recognized
UL/ANSI lanfinate with variation(s)
less than 5"'/1Inorganic pigment or
0.5% Organit pigment?

NO

YES

Full Indexing or apprgpriaté inflex tests per
UL 746A Polymer Variations apd IR and
TGA. Non-UL/ANSI Recognitipn.

J YES

IR, TGA and Flammability testing
at minimumfand maximum
thicknesses|

New UL/ANSI laminate or
modification of Recognized

UL/ANSI laminate with variation
greater than 5% Inorganic pigment

or 0.5% Organic pigment.

i

Abbreviated Test Program

IR, TGA, Flame, Ash, Flexural Strehgth

!

su0432c

IR Spectrum-matches
UL/ANS|reference type?

i YES

NO Full Indexing. 2 or 4 point thermal aging
with thermal index ratings pgr test
results.
Extrapolated relative NO Non-UL/ANSI Recognition

thermal index less than
5°C below UL/ANSI type.

with RTI énd Index values
determingd by test results.

YES

Assign UL/ANSI type with appropriate RTI
and Index values. New grade designation
required. Old grade designation may be
used if only new formulation will be
manufactured.

@ Refers to Table 7.4.



https://ulnorm.com/api/?name=UL 746E 2022.pdf

JANUARY 27, 2022

UL 746E

29

T

Testing and Evaluation Program for Rigid Industrial Laminates (continued)

Figure 7.3

S| Recognition with
ex values
by test results.

values.

appropriate tempefature and Index

su0433b

@ Refers to Tabl
b Refers to Tabl

*®
N

N
N

N NO
NO Flammability HB No Recognition.
Flammability matches or higher? Manufacturer may resubmit material
UL/ANSI reference type? @ for testing after notifying test agency of
¢ YES modifications made to material and/or
processing.
Full Indexing. 2 point thermal aging
YES with relative thermal index ratings per test
results; Non-UL/ANSI Recognition.
Ash content withinfange of | NO Full Indexing. 2 point thermal aging. Extrapolated relative NO NortUL/AN
UL/ANSI reference]type? @ If both Ash Content and Flexural Strength thermpal index less RTLand In
are outside of the range for the UL/ANSI than 5°C below UL/ANSI defermined
YEE refrence type, 2 point thermal aging t a elo wiermine
required. ype.
Flexural Strength within range NO *
of UL/ANSI refererfce type? @ YES
YEp
- Non-UL/ANSI Recognition. Assign UL/ANSI type with appropriate RTI
Optional 746A Indgx test NO Manufacturer may resubmit material for and Index values. New grade o
performed, must have same or testing after notifying test agency of designation,required. Old grade designation
better values a U/ANSI modifications made to material and/or may 8 used if only new formulation will
reference type. processing. be manufactured.
YEB
Assign UL/ANSI type with
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7.17 An industrial laminate tested on the basis of the abbreviated test program in Section 8, and found to
be in compliance with the criteria in Table 7.2, Table 7.3, Table 7.4, and Table 8.2, need not be tested to
the full program in Section 9. An industrial laminate that is not in compliance shall additionally be subject to
the test program in Section 9, with the number of aging points and rating assignments as indicated in
Figure 7.2 and Figure 7.3.

7.18 An industrial laminate having acceptable results from the abbreviated test program, shall have
either the full testing or selected parts of the full test program, as indicated in Section 9, to obtain profile of
performance values when needed for end product use.

7.19 Variations in material composition include, but are not limited to, different molecular weights, colors,

fillers, reinfor,

ements and additives and the variation shall be evaliiated in accordance

vith Polymer

Variations, S
specified in 7|

7.20 FR-4.Q
minimum exd
This shall be

for evaluation. IR, TGA, ash content and/or identification type investigations may be used

presence of i

7.21 CEM-3
by weight exd
the supplier
investigations

123 — 7.26 shall also be performed based on the material variation required-test p

andard for Polymeric Materials — Short-Term Evaluations, UL 746A. The @d

, FR-4.1, FR-15.0 and FR-15.1 UL/ANSI types must contain 50<percent
luding inorganic fillers. The total inorganic filler content by weight)is” 45 perce
determined from constituent components provided by the supplierwhen submit

ndicated compounds.

.0, CEM-3.1 UL/ANSI types shall contain 90 percent maximum total inorganic
luding the reinforcement. This shall be determinedfrom constituent components

when submitting products for evaluation. IR,<JGA, ash content and/or ident
may be used to verify the presence of indicated compounds.

7.22 Forth
part of the re

7.23 For T
746A, Table

7.24 For T
746A, Table

7.25 For Te
746A, Table

7.26 Variati

purpose of calculating filler content, inorganic fillers added to the resin shall b
in weight percentage and not part of\the reinforcement weight percentage.

t Program Code A in the Standard for Polymeric Materials — Short-Term Eva
.2, FS — Flexural Strength:and Ash Content (where applicable) shall also be con

t Program Code Btin the Standard for Polymeric Materials — Short-Term Ev4
.2, HAI — High Current Arc Ignition shall also be conducted.

t Program«Code C in the Standard for Polymeric Materials — Short-Term Eva

n-of the original percentage of pigment of not more than 5 percent inorganic o

.2, DS —Dijelectric Strength and VR — Volume Resistivity shall also be conducted.

ditional tests
rogram.

epoxy resin
nt maximum.
ing products
to verify the

filler content
provided by
fication type

B considered

luations, UL
ducted.

luations, UL

luations, UL
)

r 0.5 percent
Standard for

organic shall fequire infrared analysis and thermogravimetric analysis in accordance with the
Polymeric Materials — Short-Term Evaluations, UL 746A, and flammability testing in accordance with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. Higher
pigment loading requires additional long term thermal aging.

7.27 Industrial laminates may be evaluated for creating a "Laminate Family." All industrial laminates to
be included in the "Laminate Family" shall have identical IR scans. There shall be one IR reference scan
used for future comparison purposes per family. If the performance profile indexing values of each
industrial laminate are not the same value, the "Laminate Family" shall be assigned the mechanical and
electrical RTI's and performance profile indexing values of the lowest rated material within the "Laminate
Family." Industrial laminates included within the "Laminate Family" shall not be assigned higher
mechanical and electrical RTI's and performance profile indexing values outside of the family under the
same grade designations.
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8 Abbreviated Test Program

8.1

Industrial laminates may be evaluated on the basis of the abbreviated unaged property test program,

shown in Table 8.1. Additional tests are required for evaluating industrial laminates at ultrathin
thicknesses, see Section 10, Ultrathin Laminate and Prepreg Test Program.

Table 8.1
Industrial Laminate Abbreviated Unaged Property Test Program and Sample Requirements

Sample
dimensions length
oYy Wldtll TITITT 'NO'ITﬂTTa'I'ﬂ'ﬂ‘CkTI‘ESS' Vo ToTTh et Fot method refer
Property (inch) mm (inch) of samples UL/ANSI Types to
125x 13 1.6
5 All 7.4, 8.6, UL 746A
Infrared Analysis (5x0.5) (0.062)
Comparison {IR) 125x 13
Minimum thickness 5 All 7.9, 8.6, UL 746A
(5x0.5)
125x 13 1.6
5 All 7.7, 8.8, UL 746A
Thermogravinetric (5x0.5) (0.062)
Analysis (TC A) 125 x 13
Minimum thickness 5 All 7.1, 8.8, UL 746A
(5x0.5)
100 x 25 1.6
5 All 8]10, UL 746A
(4x1) (0.062)
Flexural Strefigth 100 x 25 0.8 All except XPC, G-
5 9, FR-1, GPO-2, 8]10, UL 746A
(4x1) (0.031) GPO-3
125x 13 1.6 All except X, XP,
XPC, XX, XXP,
XXX, XXXP,
10 ’ ! 4.9, UL 746A
(5x0.5) (0:062) XXXPC, C, CE, L, T
LE, FR-1, FR-2, FR-
3
Ash Content
125x13 0.8 All except X, XP,
XPC, XX, XXP,
XXX, XXXP,
10 ’ ’ 4.9, UL 746A
(5 %.0.5) (0.031) XXXPC, C, CE, L, T
LE, FR-1, FR-2, FR-
3
120x13 e 20 All 8l4, 8.5, UL 94
Flammabilify (5x05) (0.062) I
Vertical 125 %13 Q8
20 All 4,8.5, UL 94
(5x0.5) (0.031) -
125x13 1.6
6 All 8.4,8.5,UL9%4
Flammability (5x05) (0.062)
Horizontal 125 x 13 0.8
6 All 8.4,8.5,UL9%4
(5x0.5) (0.031)
GPO-2 or GPO-3 Thermal Aging (Optional — See 8.11)
2-Point Thermal 100 x 25 0.8
Aging Flexural 200 GPO-2, GPO-3 8.11, UL 746B
Strength (4x1) (0.031)

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Sample
dimensions length
by width mm Nominal thickness | Minimum number Applicable For method refer
Property (inch) mm (inch) of samples UL/ANSI Types to
2-Point Thermal 100 x 100 1.6
Aging Dielectric 200 GPO-2, GPO-3 8.11, UL 746B
Strength (4x4) (0.062)
2-Point Thermal 100 x 100 0.8
Aging Dielectric 200 GPO-2, GPO-3 8.11, UL 746B
Strength (4x4) (0.031)
NOTES -

1 The above saples are to be in the machine (grain) direction.
2 The samples are to be prepared declad by completely etching a metal clad sheet, where applicable.
3 Vertical or Hofizontal flammability testing shall be performed in accordance with Table 8.2.

4 IR testing shall be performed on unclad and declad samples, where applicable. If a separate adhesive’is used to apply metal
cladding to the [pminate, the additional Performance Profile Indexing tests in 19.11 shall be perfofmed.

5 See Section 1P for the Ultrathin Laminate and Prepreg Test program, and the test program ferl@minate thicknesseg below 0.8
mm nominal thigkness.

8.2 An industrial laminate having acceptable characteristics <of, flammability, infrared gnalysis, ash
content (where applicable), flexural strength, and thermal aging (when required), as desgribed in this
section for a |UL/ANSI type industrial laminate of the same generic type, shall be assigned the UL/ANSI

type designa
shown in Tab
the metal cla
19.11.2, and
unacceptablg
test program.|

ion, the profile of performance values shownin Table 7.2 and the relative thermal index
le 7.3 for that UL/ANSI material. A UL/ANSI"material requiring a separate adhgsive to bond
dding shall comply with the additional Performance Profile Indexing tests showhn in 19.11.1,

19.11.3. An industrial laminate-not intended to be a UL/ANSI type anpd/or having
fundamental variations in the IR spectra as indicated in 8.6 shall be evaluatefl per the full
See Section 9.

8.3 The critgria in 8.4 — 8.11 is to be applied when comparing industrial laminates with UL/ANSI material
types.
8.4 The ULJANSI laminate shall have a flammability classification in each thickness as indicpated in Table
8.2.
Table 8.2
Abbreviated Industrial Laminate Program Requirements
Acceptable values
Minimum flexural strength MPa Ash content range UL 94 Flammability Class
(psi) (% by weight)
Thickness Thickness Thickness
UL/ANSI 0.8 mm 1.6 mm 0.8 mm 1.6 mm 0.8 mm 1.6 mm
Grade (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch)
X 151.7 172.4 - - HB HB
(22,000) (25,000)
XP 82.7 89.6 - - HB HB
(12,000) (13,000)

Table 8.2 Continued on Next Page
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Table 8.2 Continued

Acceptable values
Minimum flexural strength MPa Ash content range UL 94 Flammability Class
(psi) (% by weight)
Thickness Thickness Thickness
UL/ANSI 0.8 mm 1.6 mm 0.8 mm 1.6 mm 0.8 mm 1.6 mm
Grade (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch)
XPC - 68.9 - - HB HB
(10,000)
XX 103.4 103.4 — — HB HB
(15,000) (15,000)
XXP 96.5 96.5 - - HB HB
(14,000) (14,000)
XXX 93.1 93.1 - - KB HB
(13,500) (13,500)
XXXP, XXXP¢ 82.7 82.7 - - HB HB
(12,000) (12,000)
C 117.2 117.2 - > HB HB
(17,000) (17,000)
CE, L 113.8 113.8 - - HB HB
(16,500) (16,500)
LE 110.3 110.3 - - HB HB
(16,000) (16,000)
G-3 1241 137.9 577 -67.2 57.7-67.2 HB HB
(18,000) (20,000)
G-5 379.1 3447 55.0-63.3 55.0-63.3 V-0 V-0
(55,000) (50,000)
G-7 68.9 1379 85.3-91.6 85.3-91.6 V-0 V-0
(10,000) (20,000)
G-9 - 413.7 55.0-63.3 55.0 -63.3 V-0 V-0
(60,000)
G-10 41311 4137 55.0-67.7 55.0 - 67.7 HB HB
(60,000) (60,000)
G-11 413.7 413.7 60.5-70.0 60.5-70.0 HB HB
(60,000) (60,000)
FR-1 - 68.9 - - V-0 or V-1 V-0 or V-1
(10,000)
FR-2 827 827 - - V-0 or V-1 V-0 or V-1
(12,000) (12,000)
FR-3 137.9 137.9 - - V-0 or V-1 V-0 or V-1
(20,000) (20,000)
FR-4.0 413.7 413.7 55.0-78.0 55.0-78.0 V-0 V-0
(60,000) (60,000)
FR-5 413.7 413.7 60.5-70.0 60.5-70.0 V-0 or V-1 V-0 or V-1
(60,000) (60,000)

Table 8.2 Continued on Next Page
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Table 8.2 Continued
Acceptable values
Minimum flexural strength MPa Ash content range UL 94 Flammability Class
(psi) (% by weight)
Thickness Thickness Thickness
UL/ANSI 0.8 mm 1.6 mm 0.8 mm 1.6 mm 0.8 mm 1.6 mm
Grade (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch) (0.031 inch) (0.062 inch)
CEM-1 344.7 241.3 32.6-39.8 16.4-23.3 V-0 V-0
(50,000) (35,000)
CEM-3.0 344.7 275.6 42.7-68.3 29.7-44.9 V-0 V-0
(50,000) (40,000)
GPO-2 - 124.1 44.6 -60.2 44.6 -60.2 - V-0
(18,000)
GPO-3 - 124.1 47.8-57.2 47.8-57.2 y V-0
(18,000)
GPY 448.2 368.9 58.5-71.5 58.5-71.5 HB, V-0, 0or V-1 | HB, V-0, or V-1
(65,500) (53,500)
8.5 When the UL 94 flammability classification (see 8.4) is greater or less than that of the UL/ANSI
reference type (see Table 8.2), the material shall be subjected\to‘full indexing and two point thermal aging
as described|in the Standard for Polymeric Materials — Lang Term Property Evaluations, UL 746B. See
Table 9.1 for {he test samples required. The laminate shalbnot be designated as a UL/ANSI type material.
8.6 A qualifative infrared spectrum shall be obtained and shall indicate the same cofnposition as
recorded in the spectrum of the reference UL/ANSItype. Typical infrared (IR) reference spect]::l are shown
in Figure A1|1 — Figure A1.31, for each UL/ANSI type. The IR spectrum obtained from the industrial
laminate shall not indicate significant differences in comparison to the UL/ANSI reference spe¢tra.
8.7 A matefial with non-compliant\IR spectra fundamental variations qualifies for addifional testing
including full performance profile indexing and two or four point thermal aging as described in[the Full Test
Program, Se¢tion 9. When the‘laminate constituents, including resin and reinforcement matgrial, and test

results are dd
designation s

8.8 AThermogravitmetric Analysis (TGA) scan shall be conducted for characterization of the

8.9 An ash

termined to be{egquivalent to the UL/ANSI type, a relative thermal index and a |
hall be assigned.

L/ANSI type

material.

ric Materials

content analysis is to be conducted in accordance with the Standard for Polymsd

— Short Term Property Evaluations, UL 746A, on materials that contain a noncombustible reinforcement
such as fiberglass. To determine compliance, the ash content shall fall within the range of values shown in

Table 8.2.

Exception: When ash content is not as shown in Table 8.2 but flammability, infrared analysis, and flexural
strength are acceptable, full indexing and two point thermal aging shall be conducted as described in the
Full Test Program, Section 9. When test results are determined to be equivalent to the UL/ANSI type, a
relative thermal index and a UL/ANSI type designation shall be assigned.

8.10 A flexural strength test shall be conducted and shall not be less than the minimum values indicated

in Table 8.2.

Exception: When flexural strength is not as shown in Table 8.2 but flammability, infrared analysis, and ash
content are acceptable, full indexing and a two point thermal aging shall be conducted as described in the
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Full Test Program, Section 9. When test results are determined to be equivalent to the UL/ANSI type, a
relative thermal index and a UL/ANSI type designation shall be assigned.

8.11

conducted and:

A thermal aging program for UL/ANSI Type GPO-2 and GPO-3 industrial laminates shall be

a) An electrical relative thermal index of 105°C shall be assigned without conducting a thermal

aging

program.

b) An electrical Relative Thermal Index higher than 105°C — maximum of 130°C for Type GPO-2
and maximum of 120°C for Type GPO-3 — may be assigned as the result of a one-point thermal
aging program on 1.40 mm (0.055 inch) thick samples, or a two-point thermal aging program on

0.63 (0.0Z5 inch) thick samples. See 9.4.

9 Full Test

9.1 The ful
material sho
aging progra
flammability
Table 8.2 or
are shown |
assignment

the Standarg
the relative

laminates at

9.2 The req
for the test.
otherwise sp
clad sheet, W

9.3 Flexurs
the support
in/min). Sam
rate of cross

9.4 Therma
temperature
the test char

Program

test program consists of determining all of the performance charageteristics of
vn in Table 7.2 in conjunction with a 2 or 4 point thermal aging program. The 2
m shall not result in the assignment of a UL/ANSI type designation if the infrarg
Classification of the material does not compare favorably with'the UL/ANSI type
the UL/ANSI reference spectra. Typical infrared (IR) reference spectra of each
nh Figure A1.1 — Figure A1.31. The four point thermal aging program may
bf a UL/ANSI type designation when the test data,/determined by the methodg
for Polymeric Materials — Long Term Property Evaluations, UL 746B, warrants

the laminate
point thermal
d analysis or
lata shown in
UL/ANSI type
result in the
described in
no less than

thermal index of the UL/ANSI type. Additional’ tests are required for evaluafing industrial

ultrathin thicknesses, see Section 10.

uired profile of performance tests arezshown in Table 9.1, together with the san
Samples shall be cut in the specified dimensions in the machine (grain) dire
ecified. The samples shall be prepared from declad material by completely et
here applicable.

| strength test shall be conducted on five samples. Samples with a 1.6 mm nomi
span shall be 25 mm\(1 inch) and the rate of crosshead motion shall be 0.8 i
ples with a 0.8 mm) nominal thickness, the support span shall be 16 mm (0.63
nead motion shallbe 0.5 mm/min (0.02 in/min).

| aging—tests for a 2-point thermal aging program are to be conducted
b and<times similar to that shown in Table 9.2. The dielectric strength property sh
hcteristic for material UL/ANSI Types G-7, GPO-2, and GPO-3. The flexural stre

ples required
ction, unless
thing a metal

nal thickness,
nm/min (0.03
inch) and the

at elevated
hll be used as
ngth property

shall be use

as the tested characteristic for all Ul JANSI Tylnpe Test prnr‘pdnrpc are ded

cribed in the

Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B. A control (an industrial
laminate of the same generic UL/ANSI Type) shall be provided for comparison purposes of the 2-point
thermal aging program. If a control material of the same generic UL/ANSI Type is not available, 4-point
thermal aging is required.

9.5 A comparison of the 2-point thermal aging results of the candidate and control material shall be
conducted. If the extrapolated relative thermal index of the candidate material is less than 5°C (9°F) below
the relative thermal index of the requested UL/ANSI type, the candidate material shall be assigned the
same relative thermal index as that determined for the UL/ANSI type. If the extrapolation results in a
relative thermal index that is more than 5°C (9°F) below the UL/ANSI type's relative thermal index, the
candidate material shall be assigned the relative thermal index determined by the comparison. This
relative thermal index shall be assigned for both mechanical and electrical characteristics although only
one was tested. Temperatures are assigned in discrete 5°C (9°F) steps to the next lowest value in


https://ulnorm.com/api/?name=UL 746E 2022.pdf

36 UL 746E JANUARY 27, 2022

accordance with the requirements for Assignment of Temperature Classifications in the Standard for
Polymeric Materials — Long Term Property Evaluations, UL 746B.

9.6 If the evaluation of thermal aging test data for the material requires assignment of a lower
temperature than those values shown in Table 7.3 for the UL/ANSI type, the material shall not be assigned
a UL/ANSI type designation.

9.7 When a 4-point thermal aging is performed on a material similar to an existing UL/ANSI grade, the
test program, samples, methods, data analysis, and evaluation shall be as described in the Standard for
Polymeric Materials — Long Term Property Evaluations, UL 746B. The Primary Property to be tested shall
be dielectric strength for UL/ANSI grades G7, GPO-2, and GPO-3. Flexural strength and dielectric
strength shal i ies shall be
comprised of| dielectric strength (where not used as a Primary Property) and flammability, [The material
shall not be assigned a UL/ANSI Type designation.

9.8 If the composition of the material as determined by Infrared Analysis does. net compare favorably

with any exis
properties for

Exception: If
determined b

ing UL/ANSI type, then both dielectric strength and flexural strengthishall be use
testing, plus other secondary properties mentioned in 9.7.

the comparison of the material to a generic Polytetrafluoroethylene (PTH
y the PTFE Abbreviated Test Program, Table 9.3, and R analysis compares fa

the thermal aging program may be waived and an electrical ahd)mechanical relative ther

130°C can be
the PTFE re
electrical and
aging progra
indexing test]
thickness.

9.9 An indu
profile charag
provide direc

granted. The PTFE resin can contain inert fillers.(i‘e., the filler is not chemically
5in and does not contribute to the overall flammability) and/or glass reinforc

d as primary

FE) resin as
vorably, then
mal index of
reactive with
ement. If an

mechanical relative thermal index higherthan 130°C is required, then a 4-ppoint thermal

m shall be performed as described in 9:8.In addition, the appropriate perforn
5 as described in Table 9.1 shall beperformed at the minimum and maxim

strial laminate having an established electrical thermal index and acceptable
teristics as described in Table 9.4 meets the Direct Support Requirements (D3
support of current carrying'parts at 120V rms or less and 15A or less.

Table 9.1
Rigid Industrial Laminate Full Test Program and Sample Requirements

hance profile
um laminate

performance
bR) and may

Sample
dimensions, Nominal
length by width thickness, mm Minimum number Applicable Forlmethod refer
Property mm (inch) (inch) of samples materials to
Short Term Performance Profile Test
125x13 1.6
5 All 7.6, UL 746A
Infrared Analysis (5x0.5) (0.062)
(IR) 125x 13
(5x0.5) Minimum thickness 5 All 7.6, UL 746A
125x13 1.6
5 All 7.7, UL 746A
Thermogravimetric (5x0.5) (0.062)
Analysis (TGA) 125x 13
Minimum thickness 5 All 7.7, UL 746A
(5x0.5)
Differential Scanning 125x 13 1.6 Thermoplastic
Calorimetry (DSC) 5 Materials UL 746A

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Sample
dimensions, Nominal
length by width thickness, mm Minimum number Applicable For method refer
Property mm (inch) (inch) of samples materials to
(5x0.5) (0.062)
125x13 .
Minimum thickness 5 Thermoplastic UL 746A
(5x0.5) Materials
100 x 25 1.6
5 All 8.10, 9.3, UL 746A
4x1) (0.062)
Flexural Strength
t00=x25 08
5 All 811D, 9.3, UL 746A
4x1) (0.031)
125x13 16 10 All (if applicable) 9, UL 746A
if applicable .9,
(5x0.5) (0.062) PP i
Ash Contgnt
12613 08 10 Al (ifapplicable) 9, UL 746A
if'applicable .9,
(5x0.5) (0.031) (P i
12613 i 20 All 8.4, UL 94
(5x0.5) (0.062) -
Flammability Yertical
12513 08 20 All 8.4, UL 94
(5x0.5) (0.031) -
125x 13 1.6
6 All 8.4, UL 94
Flammabiity (5x0.5) (0.062)
Horizontgl 125x 13 0.8
6 All 8.4, UL 94
(5x0.5) (0.031)
12013 e 10 All UL 746A
7
High Current Arc (5x0.5) (0,062)
Ignition (HAI) 125x 13 0.8
10 All UL 746A
(5x0.5) (0.031)
12013 e 10 All UL 746A
7
Hot Wire Igrjition (5x0.5) (0.062)
e 123 08 10 Al UL 746A
7
(5% 0.5) (0.031)
Dielectric Strength 100 x 100 1.6 10 Al UL 746A
(4x4) (0.062)
Arc Resistgdnce 100 x 100 1.6 5 All UL 746A
(ASTM D 4095) — an
o X o) (UU0Z)
Comparative Tracking 100 x 100 2.5 10 All UL 746A
Index (CTI) 4 x4) (0.10)
Volume Resistivity 100 x 100 1.6 10 All UL 746A
(4x4) (0.062)
Moisture Absorption 76 x 25 1.6 5 All UL 746A
and Immersion (Bx1) (0.062)
Heat Deflection 125x 13 3.2 5 Thermoplastic UL 746A
(5% 0.5) (0.125) Materials

Long Term Thermal Aging Test

Table 9.1 Continued on Next Page
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Table 9.1 Continued

Test Program déscribed in Section 8.

6 Dry Dielectric [Strength thermal aging testing is required. In addition; Wet Dielectric Strength thermal aging testing i
humidity conditipning after aging will result in more severe physical and thermal damage to the material (hygroscopid
Hygroscopic mdterials shall be cooled in a desiccator to prevent'moisture absorption.

7 The 4-point thermal aging thickness for Dielectric Strerigth may be reduced if the thicker thickness exhibits flashov
not breakdown fhrough the sample.

8 Secondary flammability testing at 0.8 mm (0.03qNnch) may be waived if performed on thinner build-up thicknesses
with Section 10} Table 10.4.

9 See Section 1P for the Ultrathin Laminate.and Prepreg Test program, and the test program for laminate thicknessef
mm nominal thi¢kness.

on the thicknesg of the laminate {The number of samples shall be increased in order to provide 10 samples built up t
2.5 mm (0.10 ingh) testing thickness.

Sample
dimensions, Nominal
length by width thickness, mm Minimum number Applicable For method refer
Property mm (inch) (inch) of samples materials to
4-Point Thermal Aging 100 x 25 1.6 400 All UL 746B
Flexural Strength @x1) (0.062)
2-Point Thermal Aging 100 x 25 0.8 200 All UL 746B
Flexural Strength @x1) (0.031)
4-Point Thermal Aging 100 x 100 1.6 400 All UL 746B
Dielectric Strength ety (6-662)
2-Point Thermal| Aging 100 x 100 0.8 200 All UL 746B
Dielectric Strgngth 4x4) (0.031)
Secondary Flame 125x13 0.8 60 All UL 746B
(5x0.5) (0.031)
NOTES -
1 The above samples are to be in the machine (grain) direction.
2 The samples @re to be prepared declad by completely etching a metal clad sheet, where,applicable.
3 Vertical or Hofizontal flammability testing shall be performed in accordance with the‘requested rating.
4 IR testing shall be performed on unclad and declad samples, where applicable/If a separate adhesive is used to apply metal
cladding to the [pminate, the additional performance profile indexing tests shewn in 19.11 shall be performed.
5IR, TGA, DS{, Flexural Strength, Ash Content, and Flammability are not'required if previously determined under the Abbreviated

5 required if
material).

br and does

in accordance

5 below 0.8

10 If CTl test samples are submitted at a thickness less than 2.5 mm (0.10 inch), the required number of samples vafies depending

the required

11 Flexural Strehgth or Teénsjle Strength testing shall be performed in accordance with the material performance. If dyiring the
Flexural Strength test;sthe.sample does not break within the 5 percent strain limit as defined in the Standard Test Methods for
Flexural Properfies\of Unreinforced and Reinforced Plastics and Electrical Insulating Materials, ASTM D 790, then Tgnsile Strength
shall be evaluatedwsing type | samples in accordance with the Standard Test Method for Tensile Properties of Plasti¢s, ASTM D
638.
Table 9.2
Examples of Two-Point Thermal Aging Programs
Aging temperature,
UL/ANSI type °c Aging time (hours)
X, XP, XPC 180 480 640 800 960
170 870 1160 1450 1740
XX, XXP, XXX 180 585 780 975 1170
170 1200 1600 2000 2400

Table 9.2 Continued on Next Page
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Table 9.2 Continued

Aging temperature,
UL/ANSI type °c Aging time (hours)
XXXP, XXXPC 180 465 620 775 930
170 720 960 1200 1440
C,CE,L,LE 170 420 560 700 840
160 720 960 1200 1440
G-3 230 390 520 650 780
210 1050 1400 1750 2100
G-5, G-9 170 250 335 420 505
160 960 1280 1600 1920
G-7 230 300 400 500 600
210 900 1200 1500 1800
FR-1 180 480 640 800 960
170 900 1200 1500 1800
FR-2 180 370 495 620 745
160 765 1020 1275 1530
FR-3 160 480 640 800 960
150 780 1040 1300 1560
FR-4.0, FR-4.1, G10 180 300 400 500 600
170 630 840 1050 1260
FR-5, §11 210 450 600 750 900
200 1080 1440 1800 2160
CEM- 190 800 1040 1300 1560
180 1500 2000 2500 3000
CEM-3]0 180 660 800 1100 1320
170 1260 1680 2100 2520
CEM-3}1 180 660 800 1100 1320
170 1260 1680 2100 2520
GPO-? 170 300 400 500 600
160 600 800 1000 1200
GPO- 145 210 280 350 420
135 900 1200 1500 1800
GPY 225 1230 1640 2050 2460
210 2040 2720 3400 4080
Table 9.3

Polytetrafluoroethylene (PTFE) Abbreviated Unaged Property Test Program and Sample

Requirements for Generic 130°C Electrical and Mechanical RTI

Sample
dimensions Nominal
length by width thickness mm Minimum number Applicable For method refer
Property mm (inch) (inch) of samples material to

120x13 "o 5 PTFE 7.6, UL 746A
Infrared Analysis 1.9,
Comparison (IR) (5x05) (0.062)

125x13 Minimum thickness 5 PTFE 7.6, UL 746A

Table 9.3 Continued on Next Page
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Table 9.3 Continued

Sample
dimensions Nominal
length by width thickness mm Minimum number Applicable For method refer
Property mm (inch) (inch) of samples material to
(5x0.5)
12513 16 PTFE 7.7, UL 746A
5 1.7,
Thermogravimetric (5x0.5) (0.062)
Analysis (TGA) 125 x 13
Minimum thickness 5 PTFE 7.7, UL 746A
(5x0.5)
25X o 5 PTFE UL 746A
Differential (5x0.5) (0.062)
Scanning 2513
; B X
Calorimetry (DEC) Minimum thickness 5 PTFE UL 746A
(5x0.5)
125x13 1.6 20 PTFE
B.4, UL 94
Flammabilit (5x0.5) (0.062)
Vertical 125x 13 0.8 20 PTFE
B.4, UL 94
(5x0.5) (0.031)
125x13 1.6 10 PTFE
8|9, UL 746A
(5x0.5) (0.062)
Ash Conten|
125x13 0.8 10 PTFE
8|9, UL 746A
(5x0.5) (0.031)
100 x 25 1.6 10 PTFE
8.10, 9.3, UL 746A
(4x1) (0.062)
Flexural Strenpth
100 x 25 0.8 10 PTFE
8.10, 9.3, UL 746A
(4x1) (0.031)
ASTM D 638 Type 16 1
| 10 PTFE UL 146A, ASTM D
(0.062) 638
Tensile Strength 08
ASTM D 638 Type : 10 PTEE UL 146A, ASTM D
I (0.031) 638

NOTES -

9.1 and Table 94.

1 The above sgmples are to be.inthe machine (grain) direction. The samples are to be prepared declad by completgly etching a
metal clad shegt, where applicable.

2 If Direct Supdort is necessary, the appropriate Performance Profile Index tests shall also be performed in accordance with Table

3 The full test program shall be performed for Electrical and Mechanical RTlI's higher than 130°C.

ASTM D 638.

4 See Section 10 for the Ultrathin Laminate and Prepreg Test program.

5 Flexural Strength or Tensile Strength testing shall be performed in accordance with the material performance. If during the
Flexural Strength test, the sample does not break within the 5 percent strain limit as defined in the Standard Test Methods for
Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials, ASTM D 790, then Tensile
Strength shall be evaluated using type | samples in accordance with the Standard Test Method for Tensile Properties of Plastics,
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Table 9.4
Direct Support Requirements (DSR) of PWB Materials
V-0, V-1, V-2, HB,
Test® Units or PLC VTM-0f, VTM-1f, VTM-2 Thickness mm (inch)®

High current arc ignition Max PLC 3 Actual®

(HAI)

Hot wire ignition (HWI) Max PLC 4 Actual®

Volume resistivity — dry Min ohm-cm x 10° 50 1.6° (0.062)
Volume resistivity — wet Min ohm-cm x 10° 10 1.6° (0.062)
Dielectric strength — dry Min k Volts per mm 6.89 1.6° (0.062)
Dielectric strenjgth — wet Min k Volts per mm 6.89 1.6° (0.062)
Comparative tfacking index Max PLC 4 3.2° (0.125)
(CTI)

Heat deflectiof Degrees C b 3.2° (0.125)

value.

4 Test sample
¢ Test sample
VTM-0, VTM-

epresentative of all thicknesses.

@ Actual thicknpss or minimum thickness of group being considered.

hickness on which the index value is based.

, VTM-2 ratings apply only to etched films.

¢ Testing is to he as described in the Standard for Polymeric Materials — Short Term Propérty Evaluations, UL 746A

® Not required for thermosets and films; for thermoplastics, at least 10°C above rated operating temperature with 94°C minimum

10 Ultrathin Laminate and Prepreg Test Program

10.1 General

10.1.1

Table 10.1

UL Testing and Evaluation Program for Ultrathin Industrial Laminates

A symmary of the test program for ultrathin industrial laminates is provided in Table 10.1.

Laminate or build-up Sheet thickness is
Type of laminate thickness, mm (in) per Table 10.2 Testing Reference
Yes None 10.2.2.1
0.8 (0.031) or greater -
No Aging 10.2.2.2
0.38-0.8 (0.015 — Yes Indexing 10.2.3.1
UL/ANST 8631 No Aging and indexing 0.2.3.5
Yes Mechanical aging only 10.2.4
Less than 0.38 (0.015) and indexing
No Aging and indexing 10.2.4
Non-ANSI® Less than 0.8 (0.031) No Aging and indexing 10.3
UL/ANSI? or non-ANSIP Same or greater No° Aging 10.1.7

NOTE — The above test programs assume the material is previously investigated per the Abbreviated Test program in Section 8 or

the Full Test program in Section 9.

@ Candidate material infrared (IR) reference scan compares to a UL/ANSI reference scan.

® Candidate material infrared (IR) reference scan does not compare to a UL/ANS| reference scan.
¢ The laminate or prepreg individual sheet thickness is to be reduced for an established build-up thickness.
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10.1.2 Ultrathin laminates and prepregs shall be of the same type and resin system that was previously
investigated under the industrial laminate test program described in Section 8 and/or Section 9.

10.1.3 Ultrathin laminates and prepregs using a resin system not previously investigated shall be tested
under a full rigid industrial laminate program including performance profile indexing, 4-point thermal aging
as described in 9.1, and the ultrathin laminate and prepreg test program as described in 10.2, if the
material is a UL/ANSI type, and 10.3, if the material is a non-UL/ANSI type.

Exception: If the ultrathin laminate and prepreg maximum build-up thickness is less than 1.6 mm, then the
laminate shall be tested under a full rigid industrial laminate program including performance profile
indexing and thermal aging at the maximum and minimum build-up thicknesses. Samples in intermediate

thicknesses shall be provided and shall be tested if the results obtained on the maximum 3

nd minimum

build-up thich
designation.

10.1.4 The
method, data
Long Term H
Property Eva

10.1.5 Ther

minimum lanpinate thickness, and in the minimum build-up thickhesses using at least o

individual lam

10.1.6 The
laminate and
described in
The primary
Flexural Strg
thicknesses H

Exception: If
flammability
minimum buil

10.1.7 The
materials mg
remains the g
Long Term P
be investigat

ness indicate inconsistent test results. The material shall not be assigned a){j

ultrathin material thermal aging and performance profile index test;pregram, s
analysis, and evaluation shall be as described in the Standard for Polymerig
Property Evaluations, UL 746B and the Standard for Polymeric Materials —
uations, UL 746A.

mal aging samples and performance profile indexing_samples shall be const

inate and prepreg sheet thickness.

pstablished laminate minimum thickness andfor the minimum build-up thicknes
prepreg materials may be reduced by performing 2 point thermal aging. Testin
Table 10.3 for performance profile properties, and Table 10.4 for thermal agin
electrical property shall be dielectri¢’strength. The primary mechanical prop
ngth for build-up thicknesses0.63 mm or above, and Tensile Strength
elow 0.63 mm. The Secondary Property shall be flammability.

reducing the minimum laminate thickness and/or the minimum build-up thick
Secondary Propertyy testing of the minimum laminate thickness is represen
d-up thickness atthe same or thicker thicknesses.

established.‘minimum individual sheet thickness for ultrathin laminate an
y be reduced by performing 2 point thermal aging, if the established build-
ame. Testing shall be as described in Table 10.4 and the Standard for Polymeri
roperty. Evaluations, UL 746B. The Primary Property shall be mechanical stren
bd, _at"the established minimum build-up thickness. Flexural Strength shall be p

L/ANSI type

amples, test
Materials —
Short Term

ucted in the
he minimum

5 for ultrathin
j shall be as
g properties.
brty shall be
for build-up

ness, for the
fative of the

d/or prepreg
Lip thickness
c Materials —
gth and shall
erformed for

build-up thicknesses 0.63 mm or above, and Iensile Strength shall be performed for bulld-up thicknesses
below 0.63 mm. The Secondary Property shall be flammability. Performance profile testing is not required.

10.2 UL/ANSI ultrathin laminates and prepreg

10.2.1 General

10.2.1.1

Thickness and generic Relative Thermal Indices are shown in Table 10.2. All UL/ANSI type

materials must comply with the minimum electrical and mechanical RTI’s listed in Table 10.2 and may not

exceed the el

ectrical and mechanical RTI’s listed in Table 7.3.
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Table 10.2
Ultrathin Laminates and Prepreg Generic Relative Thermal Index
Individual sheets and build-up nominal Individual sheets and build-up relative thermal
thickness?® index
UL/ANSI type mm (Mils) Electrical (°C) Mechanical (°C)
G-10 0.05-0.16 (2-6) 110 a
G-10 0.17-0.37 (7-14) 120 a
G-10 0.38-0.62 (15-24) 130 130
FR-4.0 0.05-0.09 (2-3) 90 90
FR-4.0 0.10-0.37 (4-14) 120 a
FR-4. 0.38-0.62 (15— 24) 130 130
FR-4. 0.05-0.09 (2-3) 90 90
FR-4. 0.10-0.37 (4-14) 120 a
FR-4. 0.38-0.62 (15-24) 130 130
FR-5 0.38-0.62 (15— 24) 140 140
FR-15]0 0.05-0.09 (2-3) 90 90
FR-15]0 0.10-0.37 (4-14) 120 120
FR-15J0 0.38-0.62 (15-24) 130 130
FR-151 0.05-0.09 (2-3) 90 90
FR-151 0.10-0.37 (4-14) 120 120
FR-151 0.38-0.62 (15— 24) 130 130
GPY 0.05-0.37 (2= 14) 140 a
GPY 0.38-0.62 (5= 24) 140 160
CEM-3{0 0.10 - 0.47 (4-18) 120 a
CEM-3{0 0.48 -0.62 (19 - 24) 130 130
CEM-3{1 0.10-0.47 (4-18) 120 a
CEM-3|1 0.48-0.62 (19-24) 130 130
NOTE - Relative thermal index investigated in accordance with 10.2.1.2, 10.2.4, and Table 10.4.
aThe mechanigal rating shall be that\of the final buildup thickness.
10.2.1.2 When a higher electrical Relative Thermal Index than shown in Table 10.2 is desired for the
material, thg measurement of electrical characteristics (dielectric strength) shall also be fequired as a
Primary Property. The electrical and mechanical Primary Properties shall be performed with the same 2-
point thermdl«aging, using samples as described in 10.2.2.4. Sample requirements are shown in Table

10.4. The electrical Relative Thermal Index to be assigned is determined as described in 9.5.

10.2.1.3 The performance profile indexing tests shown in Table 10.3 shall be performed using declad
samples built up to the same minimum evaluation thickness used for the 2-point thermal aging. The
samples shall be built up using the minimum individual sheet thickness for which evaluation is desired.

Exception: The performance profile index tests shown in Table 10.3 do not need to be repeated to reduce
the individual sheet thickness if the minimum build-up thickness is not reduced.
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Table 10.3
Ultrathin Industrial Laminate and Prepreg Indexing Tests and Sample Requirements
Sample
dimensions Nominal
length by width thickness mm Minimum number Applicable For method refer
Property mm (inch) (inch) of samples materials to
Mechanical property
Tensile strength 250 x 25 0.38 10 All UL 746A and
(Bias cut for 10 x 1 0.015 ASTM D 882
reinforced (10x1) (0.013) (Method A)
materials or .
Transverse cut for 250x25 Minimum 10 Al l'{L'Zlé\l/lsé ggg
unreinforce (10x 1) ;\)/l thod A
materials, sge ethod A)
Figure 7.1)
250 x 25 0.38 10 All UL 746A and
ASTM D 882
Tensile strength (10x1) (0.015) Method A)
(Machgine o pee 250 x 25 Mini 10 All UL 746A and
Figure 7.1) X inimum an
ASTM D 882
(10x 1)
Method A)
Electrical propdrty
125x 13 0.38 10 All UL 746A
High current grc (5x0.5) (0.015)
ignition (HAY) 125x 13 Minimum 40 All UL 746A
(5x0.5)
125x 13 0.38 5 All UL 746A
Hot wire ignitipn (5x0.5) (0.015)
(HW1) 125x 13 Minimur 5 All UL 746A
(5x0.5)
Flammability property
125x 13 0.38 20 All B.4, UL 94
Flammabilit (5x0.5) (0.015)
vertical 125x 13 Minimum 20 All B.4, UL 94
(5x10.5)
125% 13 0.38 6 All B.4, UL 94
Flammabilit (5x05) (0.015)
horizontal 125x13 Minimum 6 All B.4, UL 94
(5x0.5)
NOTES -

1 The samples shall be prepared declad by completely etching a metal clad sheet, where applicable.

2 All samples are to be built up to 0.38 mm (0.015 in) thickness and the minimum thickness to be evaluated using the minimum
laminate and prepreg sheet thickness shown in Table 10.2.

3 Vertical or horizontal flammability testing shall be performed based on the requested flammability rating or the reference
UL/ANSI material in accordance with Table 8.2.

4 ASTM D 882 is the Standard Test Methods for Tensile Properties of Thin Plastic Sheeting.

10.2.2 UL/ANSI Ultrathin materials built up to 0.8 mm or greater

10.2.2.1 For ultrathin materials, built up to a thickness of 0.8 mm (0.031 inch) or greater using the
laminate and prepreg sheet thicknesses referenced in Table 10.2, no testing shall be required, provided
they contain the same material constituents as the previously evaluated FR-4.0, FR-4.1, G-10, GPY, CEM-
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3, or FR-5 laminate in accordance with the abbreviated test program, Section 8. The material shall be
assigned the Relative Thermal Index shown in Table 10.2 for the corresponding laminate or prepreg sheet
thickness.

10.2.2.2 For ultrathin materials, built up to a thickness of 0.8 mm (0.031 inch) or greater using laminate
and prepreg sheet thicknesses less than those referenced in Table 10.2, testing shall be required as
described in 10.2.2.3 - 10.2.2.6.

10.2.2.3 Two-point aging is required. The Primary Property shall be mechanical strength. The

mechanical strength property to be investigated shall be flexural strength.

10.2.24 Ca;

dividual sheet

thicknesses

ndidatacamnlac chall hba tha minimy i h oA 1
o o PTeS—SHat o et oot tHCKH eSS

un-thicknacce tcina tha minim i 1n
= = T cromgtrerHhrho

or which evaluation is desired.

10.2.2.5 Control samples shall be 0.8 mm (0.031 inch), built-up from the thickness of individ

limited by Tal

10.2.2.6 TH
material, 210

ble 10.2.

ermal aging is to be conducted at 170°C and 180°C for FR+4.0, FR-4.1, G-10
°C and 225°C for GPY material, and 200°C and 210°C for FR-5 material.

10.2.3 UL/ANSI Ultrathin materials built up to 0.38 — 0.8 mm

10.2.3.1 Fa
laminate and
10.2.3.2 - 1(

r ultrathin materials built up to a thickness of:0.38 — 0.8 mm (0.015 — 0.03
prepreg sheet thicknesses referenced in Table10.2, testing shall be required af
2.3.4.

10.2.3.2 Pg

10.2.3.3 S4
desired.

10.2.3.4 At
Thermal Ind
thicknesses.

Exception: F
0.024 inch).

10.2.3.5 Fd

rformance profile indexing is requiredz;Testing shall be as described in Table 10.

mples shall be the minimum build-up desired using the minimum individual sh

the conclusion of the performance indexing tests, the material shall be assigne
ex shown in Table-40.2 for the build-up thickness of the corresponding la

por CEM-3/material, the test sample shall be built up to a thickness of 0.48 — 0.61

r.ultrathin materials built up to a thickness of 0.38 — 0.8 mm (0.015 — 0.03

ual sheets as

, and CEM-3

1 inch) using
5 described in

oy

eet thickness

| the Relative
minate sheet

mm (0.019 —

1 inch) using

laminate and
as described

prepreg sheet thicknesses tessthamrthose referencedm Table— 162, testingsh=

in 10.2.3.6 — 10.2.3.9.

Il be required

10.2.3.6 Two-point aging and performance profile indexing is required. Testing shall be as described in
Table 10.3 and Table 10.4. The Primary Property shall be mechanical strength. The mechanical strength
property to be investigated shall be tensile strength.
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Table 10.4
Ultrathin Industrial Laminate and Prepreg Thermal Aging Sample Requirements
Sample
dimensions Nominal
length by width thickness Minimum number Applicable For method refer
Property mm (inch) mm (inch) of samples materials to
Mechanical property
4-Point thermal 250 x 25 0.38 400 All UL 746B and
aging tensile 10 x 1 0.015 ASTM D 882
strength (Bias cut (10x1) (0.013) (Method A)
only, see Figure
7.1)
2-Point thernal 250 x 25 Minimum 200 All UL 746B and
aging tensil¢ (10x 1) ASTM D 882
strength ( Bias|cut Method A)
only, see Figdre
7.1)
Electrical propgrty
4-Point thernal 100 x 100 0.38 400 All UL 746B
aging dielectfic 4x4 0.015
strength (4x4) (0.013)
2-Point thermal 100 x 100 (4 x 4) Minimum 200 All UL 746B
aging dielectfic
strength (4x4)
Flammability property
Secondary 125x 13 (5x0.5) Minimum 60 All UL 746B
property
flammability (5x0.5)
NOTES -

1 If the material is a UL/ANSI Type designation, 2-Point thermal aging is only required to reduce the built up thicknegs below 0.38
mm (0.015 incH). See Section 10.2.4.

2 If a 4-Point Dielectric Strength thermal aging pfegram has been conducted at 1.6 mm (0.062 inch) and/or 0.8 mm (0.031 inch), a
2-Point Dielectiic Strength thermal aging program*shall be conducted at 0.38 mm (0.015 inch) and below.

3 Dry Dielectriq Strength thermal aging testing is required. In addition, Wet Dielectric Strength thermal aging testing |s required if
humidity conditjoning after aging will result in more severe physical and thermal damage to the material (hygroscopif material).
Hygroscopic materials shall be cooled.in a desiccator to prevent moisture absorption.

4 The samples|shall be prepared declad by completely etching a metal clad sheet, where applicable.

5 The Control samples are4o’be built up to 0.38 mm (0.015 in) thickness using the minimum laminate and prepreg thickness

shown in Table|10.2, and the ‘Candidate samples are to be built up to the minimum thickness to be evaluated using the minimum
laminate and piepregssheet thickness requested.
Exception: The|control,sample build-up thickness may be less than 0.38 mm if the thinner thickness was previously pvaluated with
a long term thefmal aging program to establish the relative thermal index.

6 ASTM D 882 is the Standard Test Methods for Tensile Properties of Thin Plastic Sheeting.

10.2.3.7 Candidate samples shall be the minimum build-up thickness using the minimum individual sheet
thicknesses for which evaluation is desired.

10.2.3.8 Control samples shall be 0.38 mm (0.015 inch) thick, built-up from the thickness of individual
sheets as limited by Table 10.2.

10.2.3.9 Thermal aging is to be conducted at 170°C and 180°C for FR-4.0, FR-4.1, G-10, and CEM-3

material, 210°C and 225°C for GPY material, and 200°C and 210°C for FR-5 material.
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10.2.4 UL/ANSI Ultrathin materials built up to less than 0.38 mm

10.2.4.1  For ultrathin materials built up to a thickness less than 0.38 mm (0.015 inch), testing shall be
required as described in —.

10.2.4.2 Two-point thermal aging and performance profile indexing is required. Testing shall be as
described in Table 10.3 and Table 10.4. The Primary Property shall be mechanical strength. The
mechanical strength property to be investigated shall be tensile strength. The Secondary Property shall be

flammability.

Exception: HB-rated materials do not require Secondary Property flammability testing.

10.2.4.3 S3

prepreg shegt thicknesses.

10.2.4.4 Control samples shall be 0.38 mm (0.015 inch) using the laminate _@nd prepreg

referenced i

Exception: T
previously e

10.2.4.5 Th
3 material, 2
Table 10.4.
10.3 Non-|

10.3.1 Ifth

mples shall be constructed in the minimum build-up using minimum individual

Table 10.2.

he control sample build-up thickness may be less than 0.38"mm if the thinner f
aluated with a long term thermal aging program to estaplish the relative thermal

e thermal aging shall be conducted at 170°C and 480°C for FR-4.0, FR-4.1, G-
10°C and 225°C for GPY material, and 200°C and 210°C for FR-5 material as

JL/ANSI ultrathin laminate and prepreg test program

with an exi
Relative Th
assigned th
aging progra

10.3.2 The
strength) ang

Exception: |
material, in &
thickness.

sfng UL/ANSI type, then a 4-point thermal aging to determine the electrical an

e composition of the material, as détermined by Infrared Analysis, does not comg

rmal Index and performance profile indexing tests are required. The mat
appropriate electrical and*mechanical Relative Thermal Index determined i
M, and shall not be assighied a UL/ANSI Type designation.

Primary Properties for the 4-point thermal aging program shall be electri
mechanical(flexural and/or tensile strength). The Secondary Property shall be

- a 4-point* dielectric strength thermal aging program has been conducted o
ccordance with Section 9, a 2-point thermal aging program can be conducted

laminate and

) thicknesses

hickness was
index.

0, and CEM-
described in

are favorably
d mechanical
rial shall be
the thermal

cal (dielectric
lammability.

n the subject
at the thinner

10.3.3 The thermal aging samples, as indicated in Table 10.4 shall be constructed in the minimum
laminate thickness, and in the maximum and minimum build-up thicknesses using the minimum individual
laminate and prepreg sheet thickness. Samples in intermediate thicknesses shall be provided and shall be
tested if the results obtained on the maximum and minimum build-up thickness indicate inconsistent test
results.

10.3.4 The performance profile indexing samples, as indicated in Table 9.1 and Table 10.3, shall be
constructed in the minimum laminate thickness, and in the maximum and minimum build-up thicknesses
using the minimum individual laminate and prepreg sheet thickness. Samples in intermediate thicknesses
shall be provided and shall be tested if the results obtained on the maximum and minimum build-up
thickness indicate inconsistent test results.
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Exception: The performance profile index tests shown in Table 10.3 shall not be repeated to reduce the
individual sheet thickness if the minimum build-up thickness is not reduced.

10.4 Intermixing of materials that are not generically identical

10.4.1 Forintermixing dielectric materials which are not generically identical, testing shall be required.

10.4.2 The combination of generically dissimilar dielectric materials shall be subjected to Section 19.9,
Dissimilar Dielectric Materials Thermal Cycling Test, and Section 19.10, Flammability Test. Each individual
material, in the combination of dissimilar materials, shall have been previously evaluated for performance
profile indexing values and Relative Thermal Indices (RTI’s) specified in this Standard.

10.4.3 The

combination of generically dissimilar dielectric materials, that complies with the

for the Dissingilar Dielectric Materials Thermal Cycling Test and with the requirements farithe

Classification|
(RTI) of the |

shall then be

build-up thick

10.4.4 The

materials sha

1"

11.1 Gener
11.1.1 The
multilayer pri
core material

electrical the]

performance
index for the

material cons

11.1.2 High
very thin no
production of

11.1.3 Non-
insulating ma

Test, shall be assigned a rating that does not exceed the mechanical Relative T
owest rated material. The minimum build-up thickness of the combination of {
assigned the mechanical and electrical RTI’s of the lowest rated\material at t
hess.

performance profile indexing values of the combinationof generically dissim
Il be assigned based on the values of the lowest rated.faaterial within the combin

est program outlines the testing of mon-reinforced dielectric materials for use

nted wiring boards where the dielectric material requires mechanical support fro
The test program consists ofs\two parts in which the first part covers the eval
rmal index of the dielectrichmaterial, and the second part covers the evalu
profile characteristics. Thisstest program is not intended to establish a mecha
dielectric material. The mechanical thermal index is established for the dielec|
truction based on the:mechanical thermal index of the core material.

Density Interconnect (HDI) materials and/or Multilayer Build-Up Materials (BUM
n-reinforced-dielectric materials used to support conductor materials, inter
microvias‘Using sequential build up and related multilayer interconnect technolo

reinforced dielectric materials shall include, but are not limited to, very th

equirements
Flammability
hermal Index
he materials
his minimum

lar dielectric
ation.

Non-reinforced Dielectric Materials and Other Materials Requiring Mechanical Support

n fabricating
N a separate
uation of the
ation of the
hical thermal
tric and core

can include
ded for the
jies.

in thickness

terials Qllppnrﬁng conductor materials rpqniring mechanical erpngth from a s

eparate core

material. Materials such as resin-coated copper foil (RCF), multilayer build-up materials (BUM), liquid
photoimageable (LPI) insulating coating materials, photoimageable film insulating coating materials, and
other very thin thickness insulating material, when used to support conductor material, shall be considered
dielectric materials.

11.1.4 The core material used to support the dielectric material must have an established electrical and
mechanical relative thermal index (RTI) based on testing to the appropriate criteria outlined in this
standard.

11.1.5 The dielectric and core material constructions are evaluated as Non-ANSI type materials.

11.1.6 The dielectric material is to be applied to the core material by the curing and production processes
used to fabricate the dielectric and core material multilayer construction.
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11.2 Thermal aging

11.2.1 Thermal aging samples are to be constructed as described in either Figure 11.1, Figure 11.2,
Figure 11.3, or Figure 11.4 incorporating traces insulated by a dielectric material. The dielectric material
shall be tested on a core material suitable for the thermal aging conditioning.
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Figure 11.1
Key Hole Dielectric Aging Sample
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Figure 11.2
Keyhole Dielectric Aging Sample — Small Key Hole Version
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Figure 11.3
Alternate Dielectric Aging Sample

f

40mm
(1.60 in)

95mm
(3.70 in)

1359mm
(5.3Q in)

. 40mm |
(1.60 in)
=—95mm (3.70 in) —=

e 150mm (580 in) ——

190mm (7.40 in)

50mm (2.00 in) D

3dmm  7.6mm .
(30 in) (O.:;)O in) 455.00
L]

6.4mm (0.25 in)

Note: All six test sites are identical
This pad is to be left exposed, dimensionally and are rotated 90 degrees
remainder of sample is coated as shown in the diagram above.
with HDI Material. ‘
Test samples are to be double sided
S4358A for a total of twelve sites per sample.
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This pad is to be left exposed,
remainder of sample is coated

Figure 11.4

Alternate Dielectric Aging Sample — Small Pad Version
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with HDI Material.
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Note: All six test sites are identical
dimensionally and are rotated 90 degrees
as shown in the diagram above.

Test samples are to be double sided
for a total of twelve sites per coupon.
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11.2.2 The thermal aging samples shown in Figure 11.1, Figure 11.2, Figure 11.3, and Figure 11.4 shall
be prepared with the minimum dielectric material thickness on both surfaces of the minimum thickness
core material. The minimum copper weight shall be used on the core material and etched in the key hole
pattern shown in Figure 11.1 or Figure 11.2. The resin shall be removed from one edge of the sample to
expose 13 mm (0.5 inch) of the underlying copper. All copper shall be completely etched off the external
dielectric material surfaces.

11.2.3 The conductor pattern shall be included on both sides of the samples and the conductor patterns
shall be positioned directly opposite each other, as mirror images, if double sided constructions are
intended for production; or, the conductor pattern shall be included on one side of the samples if only
single sided constructions are intended for production. A double sided construction may be considered

representativ

e of constructions of identical materials with only single sided construction; however, a single

sided constru

11.2.4 The
and minimuni
the Standard
material shal
thermal aging
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Method for D
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ethod at one of the four fixed time periads.

rate of rise for the dielectric strength test shall be maintained at a constant rat
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Side B (points 7—12)
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Table 11.1

Non-Reinforced Dielectric Material Long Term Thermal Aging Test Program and Sample

Requirements

Property

Sample
dimensions
length by
width, mm
(inch)

Core material
thickness, mm
(inch)

Dielectric
(HDI)
thickness, mm
(inch)

Minimum
number of
samples

Applicable
materials

For test
method refer
to:

4-point thermal
aging dielectric

See alternate
test patterns in

= 4

Minimum

Minimum

400

All

UL 746B

strength

YO 11 T,
Figure 11.2,
Figure 11.3, or
Figure 11.4

Secondary
flammability

125x 13
(5 x 0.5)

Minimum

Minimum

60

All

UL 746B

125x 13
(5 x0.5)

Minimum

Maximum

60

All

UL 746B

NOTES -

1 Dielectric Stijength thermal aging samples shall be constructed double-sided using.one of the following alternate test patterns:
Figure 11.1, Figure 11.2, Figure 11.3, or Figure 11.4.

2 Dielectric Stfength thermal aging samples shall contain the minimum copper weight.

3 Dry Dielectri¢ Strength thermal aging testing is required. In addition, Wet Dielectric Strength thermal aging testing is required if
humidity condifioning after aging will result in more severe physical and.thermal damage to the material (hygroscopjc material).
Hygroscopic njaterials shall be cooled in a desiccator to prevent maisture absorption.

4 Mechanical $trength samples are not required. The mechapical Relative Thermal Index of the dielectric and corematerial
combination is|based on the mechanical Relative Thermal Index of the core material.

5 Flammability) samples shall be declad by completely_etching the copper off all layers.

Table 11.2

Crossover pattern aging sample dielectric test points

Test points From To
1 A D
2 B D
3 C E
SIDE A
4 F
5 G
6 H J
7 K N
8 L N
9 M (0]
SIDE B
10 P S
11 Q S
12 R T

NOTE — The rate of rise shall be maintained at a constant rate throughout the Dielectric Strength aging program and shall give an
average time to breakdown between 10 and 20 seconds per ASTM D 149. The rate of rise may be determined by dividing the
average "as received" dielectric strength value by 20 seconds.

Exception: If the non-reinforced dielectric material has been previously evaluated per UL 746E with a recognized electrical RTI,
generically similar non-reinforced dielectric and core materials shall not be subjected to thermal aging, but shall be subjected to
the Performance Indexing tests. Generically dissimilar HDI and core materials shall be subjected to a two-point aging program

using dielectric strength as the aging test characteristic and the performance indexing tests.
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11.3 Perfor

11.3.1

mance profile indexing

Samples constructed as described in Figure 11.6 are to be subjected to the test outlined in Table

11.3 in accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A
and the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL

94,
Table 11.3
Performance profile indexing test samples
Test Sample size (mm) Number of samples Sample code
Volume Resistipity 113 by 100 10 H
CTI 100 by 100 10 g
Dielectric Strength 100 by 100 10 O
HAI 125by 13 10, 10 A,
HWI 125 by 13 10,10 A,
Flammability 125 by 13 20,20 A,
IR, TGA 125 by 13 5 =

Sample Codeg

Samples shoul
material. All co

Samples shoul
material. All co

C) plaques — 1

Samples shall
minimum thickn
material. Copp
D) plaques — 1

Samples shall
minimum copp

A) bars — 125 mpm (5 inch) long, 13 mm (0.5 inch) wide

B) bars — 125 nim (5 inch) long, 13 mm (0.5 inch) wide

i be provided with one layer of the minimum resin thickness ceated on both surfaces of a minimum thickness core

per shall be completely etched off all layers.

l be provided with one layer of the maximum resin.thickness coated on both surfaces of a minimum thickness core

per shall be completely etched off all layers.
0 mm (4 inch) square

urfaces of the
he core

e provided with the maximum resin thickness or twice the minimum resin thickness applied on both
ess core material. The minimum capper weight shall be provided, only between the resin layer and t
r shall not be provided on external'resin surfaces.

0 mm (4 inch) square

hterial. The
oved form
rovided on

e provided with minimum_resin thickness applied on both surfaces of the minimum thickness core m
br weight shall be provided, only between the resin layer and the core material. The resin shall be ren

one edge of thq
external resin §
resin layer at {l

E) Approximatg
F) plaques — 11

Samples shall b
minimum thickness co
material. Copper shall not be provided on external resin surfaces. The sample shall be constructed to allow for an electrical
connection to the internal copper. Example connections include plated through holes, resin etched or removed from an area
measuring at least 13 mm x 13 mm, etc. See Figure 11.7 for an example of sample construction.

sample to expose 43'mm (0.5 inch) of the underlying minimum copper weight. Copper shall not be g
rfaces. Exception: The key hole conductor pattern shown in Figure 11.1 or Figure 11.2 may be used
e core matetiakinstead of a solid copper plane.

between the

ly 60 g (2'ez) of the dielectric material in any shape. Samples shall be provided of fully cured dielectr|c material.

3 mm.by 100 mm

with A-thielkn W g of the
re material. The minimum copper weight shall be provided only between the resin layer and the core
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Figure 11.6

Indexing samples

See Table 11.3 for Details of Sample Construction

54346A

}._‘_.{

13+0.5 mm

100+ 4 mm

100+ 4 mm
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11.4 Metal
11.41 Gen

11.4.1.1

clad test program

eral

The Metal Clad test program is an optional evaluation for the dielectric material manufacturer.

The Metal Clad test program shall be performed to determine bond strength, delamination, and
flammability characteristics of the dielectric material.

11.4.1.2 The Bond Strength/Delamination tests shall be performed on minimum and maximum
constructions with 2 layers of dielectric material on each side of the minimum thickness core material.

EXCG,Dt/OI’).‘ Tetetat-Clad-test prograririmay be pt:lfuullb'u' OT1T um'y 1 l'ayc'l of thefectrica

side of the n
tests. If only|
layer of diele

11.4.1.3 Th
maximum ny

Exception: T
side of the n
tests. If only]
layer of diele

11.4.2 Vertical flammability evaluation

11.4.2.1 Tw
to the Flamn{

Note: The exan
maximum diele
of dielectric mat

hinimum thickness core material for both the Bond Strength/Delamination -and)
1 layer of dielectric material is tested, the Metal Clad parameter values\will b
ctric material.

e Flammability testing shall be performed where 1 layer is the minimum and 2
mber of dielectric material layers.

he Metal Clad test program may be performed on only 1(Jayer of dielectric ma
ninimum thickness core material for both the Bond Strength/Delamination and
1 layer of dielectric material is tested, the Metal Clad parameter values will b
ctric material.

enty samples each constructed in accordance with Figure 11.8 (a) — (d) are to
ability evaluation as described in 19.10.

ple in Figure 11.8 would represent.the Flammability Test Samples required for an application usi
tric material thicknesses of 0.05\mm’(2 mils) and 0.08 mm (3 mils) respectively and minimum and n
brial layers of 1 and 3 respectively.

erial on each
Flammability
e limited to 1

layers is the

erial on each
Flammability
e limited to 1

be subjected

hg minimum and
aximum number
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Figure 11.8

Flammability Sample Constructions Example

Notes:

All four uncoated

minimum layer thickness
and minimum number of layers

maximum layer thickness
and minimum number of layers

0.05mm (2 mil) 0.08mm (3 mil)

minimum core minimum_ core

0.05mm (2 mil) 0.08mm (3 mil)
a b

maximum layer thickness
and maximum number of layers

minimum layer thickness
and maximum number of (ayers

352A

constructions shall be tested at the start of the program.

0.08mm (3 mil) 0.05mm (2 mil)
0.08mm (3 mil) 0.05mm (2 Gmib)
0.08mm (3 mil) 0.05mmA(2*mil)
minimum core minimum core
0.08mm (3 mil) 0,05mm (2 mil)
0.08mm (3 mil) 0:05mm (2 mil)
0.08mm (3 mil) 0.05mm (2 mil)
C d
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11.4.3 Bond strength evaluation

11.4.3.1 Six samples containing foil-type or clad conductors and constructed as described in Figure 19.1
and Figure 11.9 are to be subjected to Bond Strength evaluation as described in 19.7.

11.4.3.2 Three samples containing foil-type or clad conductors and constructed as described in Figure
19.1 and Figure 11.9 are to be conditioned as specified in 11.4.3.3. Following thermal cycling conditioning,

the boards are to be subjected to the bond strength evaluation outlined in 19.7.

* Not to exceed
# Layers 4 & 5

Figure 11.9
Bond-Strength-Construction-Example
A Layer B
Minimum Cu 1 Minimum Cu
Minimum HDI Material 2 Least Anfmunl of HDI' Matefial needed
or_the Maximum*Cu
Used '::D/sl;inAi‘mﬁummH‘[))fl %’alerial 3 Maxinum Ou
Any HDI Material Thickness 4 Any HONMaterial Thickness
Any Cu thickness* 5 Any Cu thickness*
Minimum HDI Material 6 Leasl Amount ofHDI Molerial needed
Used '347slzinpi:3umntHB: (r:#alerial 7 Maximum Cu
Minimum core 8 Minimum core
Any Cu thickness* 9 Any Cu thickness*
Any HDI Material Thickness 10 Any HDI Material Thickness
i i
Any Cu thickness* 11 Any Cu thickness*
Any HDI Material Thickness 12 Any HDI Material Thickness
|
Any Cu'\thickness* 13 Any Cu thickness*
Any HDA Material Thickness 14 Any HDI Material Thickness
Minimum Cu 15 Minimum Cu
4351
Maximum Copper Thickness, and

and 11 & 12 shall be repeated as many times as necessary to achieve maximum number of layers. This example

represents a maximum of 3 layers of HDI Material.

Note: Figure 11.9 constructions A and B shall be constructed with the Maximum number of layers on each side.
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11.4.3.3 Thermal cycling

a) Thermal stress at the manufacturer's specified maximum temperature and time;

b) Thermal conditioning for three cycles of the following using the scheduling described in Table

1) 48 hours at 10°C (18°F) above the maximum operating temperature specified by the

manufacturer;
2) 64 hours at 35 +2°C (95 £3.6°F) at 90 +5 percent humidity;

3) 8 hours at 0°C (32°F); and

11.2:
1.5 Testp
11.5.1 The
performing th
using the thin|
a) 2-
const
b) Thi
11.5.2 The

program. The¢ samples shall be constructed as described in 11.2 and 11.3 using the diele

requested mi

a) 2-{
secon

b) Thi

11.5.3 The

program. Thg samples shall-be constructed as described in 11.2 and 11.3 using the diele

requested m3

a) Agi

:I)U

4) 64 hours at 35 £2°C (95 +3.6°F) at 90 5 percent humidity.
rograms for revising dielectric material parameters

bstablished core thickness may be reduced in the dielectric and core material co
e following Test Program. The samples shall be constructed\as described in 1
nest core thickness:

oint thermal aging using dielectric strength as the. primary property and
ction as the control in accordance with 11.2, and

ckness Dependent Indexing — HAI, HWI and Flame.

dielectric material minimum thickness may be reduced by performing the f

himum thickness and the thinnest core thickness:

oint thermal aging using dielectric strength as the primary property, flamn
dary property, and the original construction as the control in accordance with 11.]

ckness Dependent Indéxing — HAI, HWI and Flame.
dielectric material-maximum thickness may be increased by performing the f

ximum thickness:

hg Flammability as a Secondary Property, and

nstruction by
1.2 and 11.3

the original

bllowing test
ctric material

hability as a
P, and

pllowing test
ctric material

b) Thi

ckness npppndpnt Indpxing —=HAI HWI and Flame

11.5.4 The relative thermal index and performance profile indexing characteristics can be established for
a combination of dielectric materials by performing the following test program. The electrical thermal index
of the combination of dielectric materials shall be at least as high as the lowest rated material. The
combination of the materials is then to be assigned the electrical RTI of the lowest rated material. The
samples shall be constructed as described in 11.3 and 19.9 using the combination of the dielectric

materials:

a) Dissimilar Dielectric Materials Thermal Cycling Testin 19.9, and

b) HAI, HWI, CTI, Dielectric Strength, and flammability.
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11.5.5 A range of colors can be established for dielectric material by performing the following test
program. The samples shall be constructed as described in 11.3 using samples representing the range of
colors:

a) Perform IR and TGA on the natural color, each additional color tested for flammability in
accordance with b) and the color pigment requirements described in UL 94 and

b) Flammability tests on representative colors described in the Standard for Tests for Flammability
of Plastic Materials for Parts in Devices and Appliances, UL 94.

11.5.6 An RTI can be established on a dielectric material with High Tg and Low Tg by performing the
following test program. The samples shall be constructed as described in 11.2 and 11.3 using samples
representingfwe High Tg and Low 1Q:

a) If the IR and TGA of each dielectric material compare favorably, perform 4-paint {hermal aging
on th¢ Low Tg dielectric material and 2-point thermal aging on the High Tg dielectric material using
the Lpw Tg material as the control. The aging shall be performed in aceordance with 11.2. The
perfofmance profile indexing tests in 11.3 shall be performed on each mateérial, or

b) If IR and TGA of both dielectric materials does not compare,perform a 4-point thermal aging
program and the performance profile indexing tests on each matérial.

11.5.7 An RTI can be established for a dielectric material containing two or more components/layers, not
comparable py IR, by performing the following test program:

a) IRand TGA on each component

b) Pefformance profile indexing on the dielectric’'material with each component at its dorresponding
minimum/maximum thickness,

¢) 4-goint thermal aging on the dielectfic material using the minimum component thickhesses, and

d) FlIgmmability tests on the minimum and maximum component thicknesses.

11.5.8 Add[tional manufacturers:of the dielectric material may be established by performing the following
test program

a) IR TGA, and Flame on the dielectric material produced by each manufacturer

b) Verification of the same curing conditions and production processes as tested by the original
manyfacturer.

11.5.9 Modificationstothechemicat compuositionmrof theestablisted dietectric materiat requiire testing as
follows:

a) IR, TGA, Flame, and Indexing tests per 11.3

b) Determine 4-point or 2-point thermal aging test program per UL 746B, Table 19.1.

11.5.10 Additional forms of the same dielectric material (i.e., RCC and BUM) may be established by the
following test program:

a) IR, TGA, Flame, and Indexing per 11.3 on each form of the dielectric material.

1) If the IR scans compare between each form, perform a 4-point thermal aging on one form
and a 2-point thermal aging program on second form per 11.2, or
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2) If the IR scans do not compare between each form, perform 4-point thermal aging on
each per 11.2.

11.5.11 An alternate core material (different generic material) can be established for the dielectric
material by performing the following test program. The samples shall be constructed as described in 11.2,
11.3 and 19.9.

a) Performance profile indexing on the dielectric and alternate core material combination in
accordance with 11.3.

b) If the RTI of the dielectric and alternate core material combination is to be increased greater than
10°C above the RTI of the current combination, then perform 4-point thermal aging using dielectric
brdance with

c) If the assigned RTI of the dielectric and alternate core material combination” will not increase,
then gerform the Dissimilar Dielectric Materials Thermal Cycling Test in accerdance with 19.9.

12 Metal-Based Laminates
12.1 Genenl

12.1.1 The fequirements in this Section outline the testing of metal-based laminates for use jn fabricating
printed wiring boards. This test program consists of three parts:

a) Pefformance profile characteristics, 12.2, covers the investigation of the performance profile
charagteristics.

b) Thermal aging, 12.3, covers the investigation of the relative thermal indices (RTIs) of the
dielectric/bonding material.

c) Mefal clad metal base laminates;;12.4, covers the investigation of the conductor material bonded
to the|dielectric material.

12.1.2 An adhesive used to bond the conductor material to the metal base or dielectric matgrial shall not
be water soluple.

12.1.3 Dielgctric/bonding material is to be applied to the base metal by the production procgsses used to
fabricate the metal-based laminate including base metal, conductor material, dielectric insulafion material,
bonding matgrial, €poxy coating, prepreg, bond-ply, adhesive, or any other material used to [fabricate the
metal-based [aminate.

12.1.4 If the dielectric/bonding material is to be built-up on the metal base (SS) or the metal core (DS),
then the maximum build up thickness shall be investigated in accordance with the Ultrathin Laminate and
Prepreg Test Program, Section 10. The primary mechanical property for the thermal aging program shall
be Bond Strength and Delamination in accordance with 12.3.1. The maximum build up thickness shall be
tested for performance profile tests (HAI, HWI, CTl, DS, VR) as described in Table 12.1. Testing of 1.6 mm
dielectric build up thickness is representative of thicker samples.

Exception: Non-reinforced dielectric/bonding material does not require layered build-up samples to be
tested for long term thermal aging. Testing is required for performance testing in the maximum build-up
thickness.
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12.2 Performance profile characteristics

12.2.1 The performance profile test methods shall be in accordance with the Standard for Tests for
Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94, and the Standard for
Polymeric Materials — Short Term Property Evaluations, UL 746A. See Table 12.1 for sample
requirements.
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Table 12.1

Metal Base Laminate Sample Requirements for Performance Characteristics

Minimum number of

Sample size length by width

Dielectric material

Property For method fefer to samples mm (inch) Base metal thickness thickness®
Horizontal burning UL 94 6 125 by 13 (5 by 0.5) minimum maximum
Vertical burning UL 94 20 125 by 13 (5 by 0.5) minimum maximum
Vertical burning UL 94 20 125by 13 (5 by 0.5) minimum minimum
High current arc ignition UL 746A 10 125by 13 (5 by 0.5) minimum minimum
(HAI)

High current arc ignition UL 746A 10 125 by 13 (5.by.0:5) minimum maximum
(HAI)

Hot wire ignition (HWI) UL 746A 10 125 by 13° (5 by 0.5) minimum minimum
Hot wire ignition (HWI) UL 74 10 125 by 13° (5 by 0.5) minimum maximum
Infrared analysis (IR) UL 74 5 125by 13 (5 by 0.5) - maximum
Infrared analysis (IR) UL 74 5 125 by 13 (5 by 0.5) - minimum
Infrared analysis (IR) UL 74 5 125 by<18 (5 by 0.5) minimum maximum
Infrared analysis (IR) UL 74 5 125by 13 (5 by 0.5) minimum minimum
Thermogravimetric UL 74 5 125 by 13 (5 by 0.5) - maximum
analysis (TGA)®

Thermogravimetric UL 746A 5 125 by 13 (5 by 0.5) - minimum
analysis (TGA)®

Thermogravimetric UL 746A 5 125by 13 (5 by 0.5) minimum maximum
analysis (TGA)

Thermogravimetric UL 746A 5 125 by 13 (5 by 0.5) minimum minimum
analysis (TGA)

Volume resistivity UL 74 10 100 by 100¢ (4 by 4) minimum maximum
Dielectric strength UL 74 10 100 by 100¢ (4 by 4) minimum maximum
Comparative tracking UL 74 10 100 by 100¢ (4 by 4) minimum maximum
index (CTI)

Moisture absorption® UL 746A 5 76Dy 25 (Sby 1) Tmnimum maximum
Moisture absorption® UL 746A 5 76 by 25 (3by 1) - maximum

@ Testing of 1.6 mm samples is representative of thicker samples.

b All side-edges of the sample are to be completely coated with the indicated thickness of dielectric material/bonding material for the purposes of conducting the Hot Wire Ignition Test.

Table 12.1 Continued on Next Page
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Table 12.1 Continued

Property For method

Sample size length by width

Minimum number of
refer to samples

mm (lnch)

Dielectric material
Base metal thickness thickness®

°IR and TGA samples shall be submitteg
4 Where suitable, 150 by 150 mm (6 by 6

¢ Moisture absorption samples shall be p

in two sets, one set with the base metal and one set without the base metal, if the dielectric materiallis shipped separate from the base metal.

inch) square (or 150 mm round) samples may be used.

ovided without base metal if possible.
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12.2.2 Indexing samples are to be provided in accordance with Table 12.1 and are to be constructed as
shown in Figure 12.1 by incorporating a metal base with dielectric material on one or both sides of the
sample.

Exception No. 1: If the dielectric material without metal has established performance profile parameters at
the requested thickness range, the performance profile investigation shall be flammability testing with the
minimum and maximum dielectric insulation thickness and the minimum metal base thickness.

Exception No. 2: If the dielectric material has been previously evaluated at the requested thickness range
and up to 1.6 mm, flammability testing with the maximum dielectric insulation thickness is not required.

12.2.3 An gdhesive—used—te—-bond-the—diclestric—naterialto—the—metal-base—shall-be—evajuated in the

minimum and maximum thickness.

Figure 12.1

Indexing Sample

— Dielectric Insulgtien/Bonding Material

/— Metal ,Base Material
L4

125mm
(5 inches)

100 or
150mm
(4 or 6 inches)

L T |/

_.I 13mm
(0.5 inch) 100 or 150mm
(4 or 6 inches)

S37638

Sample build-upthiekn

e-in Table 12.1.

12.2.4 Samples are to be prepared from clad metal-based laminate samples by completely etching the
conductor material from the clad sample.

12.2.5 If the dielectric material has established performance profile parameters as a stand alone material
at the requested thickness range, the performance profile investigation of the metal base laminate shall
include flammability testing only with the minimum and maximum dielectric material thickness and the
minimum metal base thickness.

Exception: If the dielectric material is a UL/ANSI type material or a Non-ANSI type material previously
evaluated at the requested thickness range and up to 1.6 mm, the dielectric material maximum thickness
flammability investigation of the metal base laminate is not required.


https://ulnorm.com/api/?name=UL 746E 2022.pdf

JANUARY 27, 2022 UL 746E 69

12.3 Thermal aging

12.3.1 The relative thermal indices shall be determined for the minimum base metal thickness and
minimum dielectric material/bonding material thickness by conducting a four point thermal aging of the
primary properties. Thermal aging shall be conducted on the metal-based laminate samples (see Figure
12.2 — Figure 12.4) in accordance with the Standard for Polymeric Materials — Long Term Property
Evaluations, UL 746B. The electrical primary property to be tested shall be dielectric strength in
accordance with ASTM D 149, Standard Test Method for Dielectric Breakdown Voltage and Dielectric
Strength of Solid Electrical Insulating Materials at Commercial Power Frequencies. The mechanical
primary property to be tested shall be bond strength between the conductor and the dielectric
material/bonding material as described in 12.3.6, unless data indicates it is a secondary property.
Flammability shall be tested as a secondary property.

Exception: Ifithe dielectric material has an established electrical and mechanical relative thgrmal index at
the requestgd thickness range, the thermal aging investigation is not required. The Dissimilar Materials
Thermal-Cydling test shall be performed to determine the adhesion/bond strengthdbetween|the minimum
thickness dielectric material and the minimum thickness metal base in atcordance wjth 19.9, the
Dissimilar Djelectric Materials Thermal-Cycling test. The thermal cycling oven conditioning shall be
performed & 10°C above the rated RTI of the dielectric material instéad’ of the maximym operating
temperature

Figure 12.2
Dielectric Strength Sample

Dielestric Insulation/Bonding Material

FMetol Base Material

A _

100 or
150mm
(#{6r 6 inches)

100 or 150mm
537628 (4 or 6 inches)

Sample build-up thickness is to include the base metal and dielectric material/bonding material thicknesses indicated in Table 12.2.
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Figure 12.3
Bond Strength Sample

[ /— Metal Base Material
r

Dielectric Insulation/Bonding Material
/ 13mm (0.5 inch) Wide Conductor Material
[

L ]
/
100mm
(4 inches)
)/
38mm
(1.5 inches)
89mm
537618 (3.5 inches)

Sample build-uplthickness is to include the base metal and dielectricanaterial/bonding material thicknesses indicated[in Table 12.2.

Figure 12.4

Combination Sample — Dielectric Strength and Bond Strength Sample

Dielectric Insulation/Bonding Material

13mm (0.5 inch) Wide Conductor Material
/ Metal Base Material

-

yd / !
I /
100mm
(4 inches)
|/
25mm
(1 inch)
150mm

$37608 (6 inches)

Sample build-up thickness is to include the base metal and dielectric material/bonding material thicknesses indicated in Table 12.2.
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12.3.2 Thermal aging samples are to be constructed in accordance with either of the following:
a) As shown in Figure 12.2, dielectric strength sample, and Figure 12.3 , bond strength sample; or

b) As shown in Figure 12.4 for a combination dielectric strength and bond strength sample.

12.3.3 The samples shown in Figure 12.1 and Figure 12.2 are to be prepared from clad metal-based
laminate samples by completely etching the conductor material from the clad sample. Clad samples are to
be etched leaving a pattern as shown in Figure 12.3 or Figure 12.4.

12.3.4 Clad samples are to be prepared with at least 33 u (1 0z/ft?) of conductor material to permit bond
strength testing to be performed.

12.3.5 For metal-based laminate samples which are double-sided, the conductor material pattern is to be
on both side$ with the pattern positioned such that the unbroken areas are directly opposite ¢ach other on
the surfaces|of the sample. An investigation of a double-sided construction represénts the investigation of
a single-siddgd construction. However, a single-sided construction is not representative of a|double-sided
construction

Table 12.2
Metal Base Laminate Sample for Thermal Aging
Dielectric
Long term material/bond Minimum
thermal aging Metal base ing material number of For method
Property program thickness thickness Sample samples refer to
Dielectric four point Minimum Minimum Figure 12.2 400 746B
strength?
Bond strength four point Minimum Minimum Figure 12.3 400 746B
Flammability Secondary Minimum Maximum 125 by 13 mm 100 746B
Property (5by 0.5
inches)
Dissimilar - Minimum Minimum Figure 19.1 3 Exception to
thermal-cycling 12.3.1,12.3.10

@ Dry Dielectri¢ Strength thermal aging‘testing is required. In addition, Wet Dielectric Strength thermal aging testing|is required if
humidity condifioning after aging will result in more severe physical and thermal damage to the material (hygroscopjc material).

12.3.6 Bonfd strength is to be evaluated by peeling a uniform 13 mm (0.5 inch) width [of conductor
material from the ‘minimum thickness dielectric material/bonding material with the minimpm thickness
metal base fpr.a)distance of 6.4 mm (0.25 inch) at a uniform rate of approximately 300 mm per minute (12
inches per minute). The angle between the conductor material and the dielectric material/bonding material
is to be maintained at not less than 85 degrees. The force required to separate the conductor material from
the dielectric material/bonding material is to be measured. Three peels are to be conducted, and the
average strength of the bond is to be determined on each sample. The minimum bond strength after
thermal aging shall retain at least 50 percent of the initial property value.

12.3.7 For a reduction in dielectric material thickness, a 2-point thermal aging program, secondary
flammability testing and all performance index tests shall be conducted.

12.3.8 For an increase in dielectric material thickness, secondary flammability testing and all maximum
thickness performance index tests shall be conducted.

12.3.9 For a reduction in base metal thickness, a 2-point thermal aging program, secondary flammability
testing and all performance index tests shall be conducted.
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12.3.10 For a change in base metal composition or base metal surface treatment, a Dissimilar Dielectric
Materials Thermal-Cycling test, in accordance with 19.9, shall be conducted on samples with minimum
metal base thickness and minimum dielectric material thickness.

12.3.11  Where a comparison of the results of aging at two temperatures extrapolates to within 5°C (9°F)
of the relative thermal index previously determined by thermal aging, the candidate base metal and
dielectric material/bonding material shall be assigned the same relative thermal index as previously
determined. Where the extrapolation results in a thermal index that is more than 5°C (9°F) below the
relative thermal index, previously determined via thermal aging, the candidate base metal and dielectric
material/bonding materials shall be assigned relative thermal indices of reduced value for both mechanical
and electrical characteristics although only one was tested. Temperatures are assigned in discrete 5°C
(9°F) steps to_the next lowest value in accordance with the requirements for Assignment of Temperature
Classifications in Standard for Polymeric Materials — Long Term Property Evaluations, UL 746B.

12.4 Metal £lad metal base laminates

12.4.1 The frequirements for metal clad metal base laminates are described in"Metal Cla¢ Laminates,
Section 19. See Table 12.3 for metal clad metal base laminate sample requirements.

Table 12.3
Metal Base Laminate Sample Requirements for Metal Clad Constructions
Sample size
Minimum length by
For method number of width mm Base metal Dielectric Conductor
Property refer to: samples (inch) thickness thickness thickness
Metal clad tes{s
Bond strength/ 19.7 10 Rigure 19.1 Minimum Minimum Minimum plated
delamination up to 34
microns
Bond strength/ 19.7 10 Figure 19.1 Minimum Minimum Maximum
delamination gbove 102 mic
(3 0z)
Flammability 125x 13
vertical with Mgind uL 20 Minimum Minimum -
thermal stress (5x0.5)
NOTES -

1. All the samples shall be-déuble sided unless single sided material is intended for production.

2. For multilaygr sample-construction, see 19.3.2 and 19.3.3.

3. All fIammabi'ty samples shall be prepared declad by completely etching a metal clad sheet.

13 Metal Clad Flexible Film

13.1  The requirements for metal clad flexible films are in the Standard for Polymeric Materials — Flexible
Dielectric Film Materials for Use In Printed Wiring Boards and Flexible Materials Interconnect
Constructions, UL 746F.

VULCANIZED FIBRE
14 General

14.1 Profiles of performance and relative thermal indices for vulcanized fibre are given in Table 14.1 and
Table 14.2. These profiles are the minimum characteristics required for vulcanized fibre to be considered
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acceptable. Vulcanized fibre shall be evaluated by comparison of its profile of performance with the data
given in Table 14.1 and Table 14.2.

Table 14.1
Vulcanized Fibre Generic Temperature Index
Nominal thickness Tolerance Relative thermal index
Designation mm (inch) mm (inch) Electrical (°C) Mechanical (°C)
Vulcanized fibre 0.8 (0.031) +0.076 (£0.003) 115 110
1.6 (0.062) +0.102 (£0.004) 115 110
Table 14.2
Summary of Performance Indexing Data on Vulcanized Fibre
Thickndss High voltage Dielectric Flexural strength Dimensional
Hot wire arc resistance Volume strength stability
ignition (ASTM D495) resistivity volt/mm percent
mm linches) (PLC) (PLC) (ohm-cm) (volt/mil) MPa (psi) change
0.8 0.031) - - - - 103.4 (15,000) -
1.6 0.062) 4 6 7.09 x 10" 27913 (709) 103.4 (15,000) 0.43

15 Vulcanized Fibre Test Program

15.1

required tests and samples.

Vulcahized fibre is to be evaluated on the basis'of unaged property tests. See Tabl¢ 15.1 for the

Table 15.1
Vulcanized Fibre Abbreviated Test Program and Sample Requirements
Properk Sﬂ'::'fhdém‘::izit‘;“s Nominal thickness | Minimum numberof | _ [ .
pergy gth-by. mm (inch) samples or m¢thod refer to
mm_(inch)
125 x 13 1.6 5 WL 746A
Infrared Anfalysis (5x0.5) (0.062)
Comparison (IR) 125x 13 Minimum 5 YL 746A
(5x0.5) thickness
125x 13 16 5 YL 746A
Thermogravimetric (5x0.5) {0.062)
Analysis (TGA) 125x 13 Minimum 5 UL 746A
(5x0.5) thickness
. . . 125x 13 16 5 ASTM D619
Zinc Chloride Analysis (5x0.5) (0.062) See Note
Flexural Strength 1?4°XX12)5 (01622) 5 UL 746A
Dielectric Strength 1(22 0 411())0 (01(522) 10 UL 746A

Table 15.1 Continued on Next Page
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Table 15.1 Continued

Sample dimensions Nominal thickness Minimum number of
Property length l:fy width mm (inch) samples For method refer to
mm (inch)
125x 13 1.6 20 UL 94
(5x0.5) (0.062)
Flammability

125x13 Minimum 20 UL 94
(5x0.5) thickness

D619 extract by atomic absorption (AA) spectroscopy, atomic emission spectroscopy (AES) or inductively coupled p
spectrometry (ICP) for measurement.

NOTE - Zinc Chloride Analysis: The amount of zinc chloride is back-calculated by the total amount of zinc measured in the ASTM

lasma

15.2 Vulcarfized fibre test data which compares favorably with the requirements.of "
considered acceptable, and be assigned the same relative thermal index and profiles' of
values shown in Table 14.1 and Table 14.2.

15.3 The following criteria shall be used in determining if the material compares favorably wi

a) The infrared (IR) spectrum obtained shall indicate the same comiposition as recor
spectium of the Vulcanized Fibre. A typical IR reference spectrum is shown in Figure A
spectijum obtained from the vulcanized fibre shall not indicaté.significant differences in
to the [reference spectra.

b) The flexural strength values in the 1.6 mm (0.062.inch) thickness shall be not les
MPa (15,000 psi) lengthwise.

c) Thg dielectric strength average value shallnot be less than 6.89 KV/mm (175 vol
(0.031 inch) thick material.

5.3 shall be
performance

th this data.

ded in the IR
1.32. The IR
comparison

s than 103.4

s/mil) on the

d) Zipc chloride analysis values shall"be less than 0.1 percent by volume. The amount of zinc

chlorigle confirms the efficiency of the leaching process used to produce vulcanized fib

15.4 When the material does not compare favorably with the criteria in 15.3, a full set of una
tests and a fqur temperature thefmal aging shall be required.

15.5 When unaged property criteria other than those found in Table 14.2, or a temperature
than shown ip Table 1421 \is desired, applicable indexing tests in the Standard for Polymeri
Short Term Property(Evaluations, UL 746A or aging tests in the Standard for Polymeric Mat
Term Property Evaluations, UL 746B, shall be performed to determine those properties.

e.
ged property
index higher

c Materials —
erials — Long

FILAMENT WOUND TUBING

16 General

16.1

Profiles of performance and relative thermal indices for filament wound tubing are given in Table

16.1 and Table 16.2. These are the minimum characteristics needed for a material to be assigned a

UL/ANSI type designation.

16.2 Filament wound tubing is to be evaluated for designation as a UL/ANSI material type by comparing

its profile of performance with that of the selected UL/ANSI material type.
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Table 16.1
Generic Temperature Index for Filament Wound Tubing
Nominal wall thickness Minimum tolerance Temperature index
UL/ANSI . . Electrical Mechanical
designation mm (inch) mm (mils) (°C) c)
FW-G-10 0.8 (0.031) +0.051 (x2) 180 180
1.6 (0.062) +0.127 (£5) 180 190
FW-G-11 0.8 (0.031) +0.051 (*2) 170 170
1.6 (0.062) +0.127 (£5) 180 170
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Table 16.2
Summary of Performance Profile Indexing Data on Filament Wound Tubing
. Axial compressive Dielectric
Nominal wall High-current arcing : : High-volt- | strength per ASTM strength
thickness, ignition (PLC) High volt | High-volt- | arc resist: D348, perpendicu
Hot-wire arc arc per ASTM lar to
UL/ANSI Flammability 1.59 mm ignition resistance tracking D495 longitudinal
designation mm (inch) class 0.S. AS. (PLC) (PLC) (PLC) (PLC) MPa (psi) axis V/mil
FW-G-10 0.8 (0.031) HB 4 0 0 1 0 5 - - 510
FW-G-10 1.6 (0.062) HB 4 0 0 1 0 5 89.6 (13,000) 440
FW-G-11 0.8 (0.031) HB 4 0 0 1 0 5 - - 410
FW-G-11 1.6 (0.062) HB 4 0 0 1 0 5 89.6 (13,000) 360
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17 Filament Wound Tubing Test Program

17.1 Filament wound tubing is to be evaluated on the basis of unaged property tests. See Table 17.1 for
the required tests and samples.

Table 17.1
Filament Wound Tubing Abbreviated Test Program and Sample Requirements

Sample dimensions
length by outer Nominal wall Minimum number of
Property diameter by inner thickness samples For method refer to
di tor mm-{inch)
mm (inch)
Infrared Analysis 25x16x 13 1.6 5 YL 746A
Comparison (IR) (1x0.625x0.5) (0.062)
ThermograVimetric 25x16x 13 1.6 5 YL 746A
Analysis (FGA) (1x0.625x0.5) (0.062)
Axial Compfessive 25x16x 13 1.6 10 AYTM D348
Strength (1x0.625 x 0.5) (0.062)
Ash Congent 25x16x 13 1.6 10 YL 746A
(1x0.625x0.5) (0.062)
Horizontal Flammability 125x16x 13 1.6 6 UL 94
(5x0.625x0.5) (0.062)

17.2 A maferial which compares favorably with the ULJANSI values given in Filament Wpund Tubing,
Section 16 for the properties tested in Table 17.1 may-be assigned the same file of performance values
shown in Table 16.1 and Table 16.2.

17.3 The fpllowing criteria shall be used, in determining if the material compares favorpbly with the
UL/ANSI typ

W

a) The infrared (IR) spectrum.obtained shall indicate the same composition as reconded in the IR
specfrum of the Filament Wound Tubing. A typical IR reference spectrum is shown in[Figure A1.33
or Figure A1.34. The AR spectrum obtained from the filament wound tubing shall not indicate
signifijcant differences infcomparison to the reference spectra.

b) The minimum axial compression strength values shall not be less than 89.6 MPa (13,000 psi)
for 1.6 mm (Q-062 inch) thickness for both FW-G-10 and FW-G-11 materials.

c) THe ashrcontent shall be within the range of values of 66.5 — 86.1 percent.

d) The flammability class shall be HB.

17.4 If the material does not compare favorably with the above four criteria, a full set of unaged property
tests and two temperature agings shall be required. The required tests and samples are given in Table
17.2.

17.5 When unaged property criteria other than those given in Table 16.2, or a relative thermal index
higher than shown in Table 16.1 is desired, a four point thermal aging test as described in the Standard for
Polymeric Materials — Long Term Property Evaluations, UL 746B, or performance profile indexing as
described in the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A, shall be
performed to determine those properties.
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Table 17.2
Filament Wound Tubing Full Test Program and Sample Requirements

Samples:
1.6 mm (0.062 inch) thick wall:

35 Samples— 125 mm (5 inches) long and 13 mm (0.5 inch) I.D., 16 mm (0.625 inch) O.D., to be cut in half along the
longitudinal axis to obtain a total of 70 pieces.

50 Samples— 25 mm (1 inch) long and 13 mm (0.5 inch) I.D., 16 mm (0.625 inch) O.D.
0.8 mm (0.031) thick wall:

35 Samples— 125 mm (5 inches) long and 13 mm (0.5 inch ) I.D., 14.3 mm (0.56 inch) O.D., to be cut in half along the
longitudinal axis to obtain a total of 70 pieces.

20 Samples — 450 mm (18 inches) long and 13 mm (0.5 inch) I.D., 14.3 mm (0.56 inch) O.D.

Performance indexing tests (Per UL 746A):
1. Axial[compressive strength (ASTM D348)
. Dieleftric strength
Arc re¢sistance (ASTM D495)
Horizpntal flammability
High furrent arc ignition (HAI)
Hot wire ignition (HWI)

N o oos e

. Infrared analysis (IR)
8. Ash gontent
Two point thermal aging test (Per UL 746B):

Axial cdmpressive strength

METAL CLAD LAMINATES, METAL CLAD FLEXIBLE FILM, AND PREFABRICATED MULTILAYERED
LAMINATES

18 General

18.1  Any aglditional processing.0f industrial laminates performed by the manufacturer shgll be tested
according to Bections 13 — 19,

18.2 The tepts in these,sections are intended to reduce testing required for users of these prpducts.

19 Metal Clad Laminates

19.1 Generat

19.1.1 The metal clad laminate test program in 19.2 — 19.11 shall be performed in addition to the
programs of investigation for industrial laminates (see Sections 7 — 10) to determine if a new surface
treatment or conductor material on the laminate will provide the same results as given previously on the
unclad laminate without the new surface.

19.1.2 The base material in the minimum thickness to be used in the specific application shall have
previously been investigated for 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 the temperatures to which the material is subjected in the end
product. The base material shall not display a loss of these properties beyond the minimum required level
as a result of aging, and a Relative Thermal Index shall be assigned to the base material.
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19.1.3 When a base material is intended for use in printed wiring boards in low-energy circuits, in which
the risk of electric shock or injury to persons is not involved, compliance of the base material shall, as a
minimum, be determined by flammability testing.

19.1.4 The metal clad test program and sample requirements are shown in Table 19.1.

Table 19.1
Metal Clad Test Program and Sample Requirements
Sample Laminate or
dimensions build-up
temgthrby widti,— T thickmess; VO TITUT™TheT For method refer
Property mm (inch) mm (inch) Copper thickness of samples to:
Metal clad tests
Bond
strength/delarpina Figure 19.1 Minimum Minimum 10 Section 19.7
tion
Bond :
, M
strengtltwi/;jnelamina Figure 19.1 Minimum 1%2%?(22;? 10 Bection 19.7
Flammability 125x13 .
vertical with (5x0.5) Minimum - 20 Seftion 19.10 and
uL 94
thermal streps
NOTES:
1. All the samgles shall be double sided unless single sided material is intended for production.
2. For multilaygr sample construction, see 19.3.2 and 19.3.3 and Figure’19.5, Figure 19.8, and Figure 19.9.
3. All the flamrability samples shall be prepared declad by completely etching a metal clad sheet.
19.1.5 The[metal clad samples shall be subjected to Thermal stress, 19.6, to determing the material
assembly so|dering process parameters.
19.1.6 Assembly soldering process'(solder limits) is described in 10.13 of the Standard for Printed Wiring
Boards, UL 196. The acceptabilitynof the assembly soldering process is determined by invesfigation of the
metal clad material physical properties following the thermal stress test. The assembly soldering process
is not prescriptive and does(not represent the exact assembly soldering process.
19.1.7 The|board maximum surface temperature during the assembly soldering process determines the
thermal stregs test peak temperature.
19.1.8 Materials for use with reflow assembly processes shall be thermally stressed using the default

260°C profile with thermal stress conditions of 260°C peak temperature and six (6) cycles, unless
specified otherwise. If a low temperature profile is being used in assembly, the manufacturer can specify
the 245°C or 230°C profile for testing. If a lower number of cycles are being used in assembly, the
manufacturer can specify three (3) cycles instead of six (6) cycles.

19.1.9 If special/unique thermal stress reflow conditions are defined by the manufacturer or OEM/ODM
purchase order, the following parameters are needed: ramp rate (R1), cooling rate (C1), peak temperature
(T2), dwell time (t2), and the number of cycles (X).

19.1.10 Materials for use with wave soldering and/or selective soldering assembly processes shall be
thermally stressed using conditions specified by the manufacturer: the maximum temperature, maximum
time, and maximum cycles. Unless specified otherwise, the default standardized conditions described in
19.1.8 for reflow assembly shall represent wave soldering and/or selective soldering processes.


https://ulnorm.com/api/?name=UL 746E 2022.pdf

80

UL 746E

JAN

UARY 27, 2022

19.1.11

industrial laminate shall not be less than:

Following the thermal stress test, the Bond Strength for the single or multilayer metal clad

a) 0.525 N/mm (3 Ibf/inch) for each individual conductor trace, for the minimum bond strength
determined in accordance with 19.7, after being subjected to thermal stress, 19.6; and

b) 0.525 N/mm (3 Ibf/inch) for each individual conductor trace, for the minimum bond strength
determined in accordance with 19.7, after being subject to thermal stress and 240 hours (10 day)

oven conditioning; or

¢) 0.350 N/mm (2 Ibf/inch) for each individual conductor trace, for the minimum bond strength
determined in accordance with 19.7, after being subject to thermal stress and 1344 hours (56 day)

oven ¢

anditionina

19.1.12 Following the thermal stress test, the flammability for the metal clad industrial Iz
meet the end|use product application flammability rating requirements in accordance with 19.1

19.1.13 |If tm
testing is req

CHoTroTTTgT

minate shall
0.

e metal cladding is bonded by means of a separate adhesive’\to the laminafe, additional

ired per 19.11.

19.1.14 Theg metal clad parameter variation test program is shown in Table 19.2.
Table 19.2
Variation in Metal Clad Parameters
Testing
Delamination and
Varigtion Bond strength blistering Flammability For method refer to:
Metal clad pargmeter variations
Reduce minimym build-up X X X Sections 19.4 and 19.10
thickness
Reduce laminafe or prepreg - X - Sections 19.3, 1p.7, and 19.10
individual sheef thickness with
same build-up
Single sided to|double sided X X X Sections 19.4 and 19.10
Increase assembly reflow X X X Sections 19.41 and 19.10
process
Decrease minirthum external X X - Section 19.7
copper thicknegs
Increase maxinmum external X X - Section 19.7
copper thicknessabove T0Z
mic (3 0z)
Increase maximum internal - X - Section 19.7
copper thickness
Increase maximum diameter - X - Section 19.7
Increase maximum operating X X - Section 19.7

mechanical RTI
material)

temperature (Not to exceed
the lowest of the electrical or

of the

NOTES:

19.9.

1. Adhesive for metal cladding requires additional testing in accordance with Additional tests, Section 19.11.

2. Dissimilar materials require additional testing in accordance with Dissimilar Dielectric Materials Thermal Cycling Test, Section
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19.2 Single layer sample construction

19.2.1 Four samples are to be prepared from the minimum thickness metal-clad laminate. The metal foil
shall consist of the lightest and heaviest weights to be investigated. The metal foil contained on the
samples shall measure 10 percent of the desired weight. If the desired metal foil weight is up to and
including 102 p (3 oz/ft?), the minimum weight to be used in production is to be used in the samples and be
considered representative of metal from the minimum up to and including 102 u (3 oz/ft?) maximum.
[Minimum metal weight of less than 33 p (1 0z/ft?) will require samples to be plated up to the equivalent of
33 u (1 oz/ft?) to permit bond strength testing to be performed.] For metal foil weights heavier than 102 p
(3 oz/ft?), the samples shall contain the heaviest weight of metal, either on the opposite side of the
laminate containing the minimum metal weight, or in a separate set of samples containing the heaviest

weight. The samples are to be labeled to indicate the initial minimum metal weight used in the

ir production.

19.2.2 Sanpples of metal clad laminate to be investigated are to contain a metal patternlon

the material
surface of t
However, a
pattern is to
unbroken cir|

he material. Investigation of double-sided construction covers single sided
5ingle-sided construction is not considered representative of double=sided con
consist of 0.8 mm (0.031 inch) and 1.6 mm (0.062 inch) wide. conductors,
Cles of 13, 25, 38, and 50 mm (0.5, 1, 1.5, and 2 inch) diameters. A drawing of

both sides of

ith the pattern so positioned that the unbroken areas are directly opposite each other on the

construction.
struction. The
together with
the pattern is

shown in Figure 19.1.
19.2.3 Chromic/sulfuric etchant shall be considered representative of all etchants. Any other acidic or
alkaline etchpnt shall be considered representative of all etchants except chromic/sulfuric.

19.2.4 The
a)Th
b) All

Note: The flamn

construction of singlelayer flammability samples shall be as follows:
e minimum thickness laminate shall be investigated.

metal shall be etched completely from the external surfaces.

ability samples shall be the same construction as the Bond Strength and Delamination samples min

s the copper.

19.3 Multitlayer sample construction

19.3.1  Fouf samples are to-be prepared as described in 19.3.2 and 19.3.3.

19.3.2 A rgpresentativesmultilayer laminate construction shall include but not be limited t¢ the thinnest
individual dig¢lectric (material sheets and bonding sheets, the minimum external conductgr weight, the
maximum infernalkeonductor weight, two or the minimum number of internal conductor layers| whichever is
greater, the minimum total build up constructlon and shaII not exceed the minimum produc ion thickness
plus the thickne is greater. A

representative multllayer laminate constructlon shall include at least one mternal conductor layer of the
maximum metal weight. Each combination of materials or construction shall be provided for investigation.

See 19.3.3 a

nd Figure 19.2.

19.3.3 The construction of multilayer Bond Strength and Delamination samples shall be as follows:

The construction of multilayer Bond Strength and Delamination samples shall be as follows:

a) The thinnest individual sheets of laminate and prepreg shall be included. The minimum bonding
layer thickness shall be included in contact with any internal conductor layer that may not be the
maximum metal weight. The internal conductor of maximum metal weight shall be in contact with
the necessary thickness of bonding sheet to have good layer registration without inside
delamination or air entrapment.
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b) The Bond Strength and Delamination conductor test pattern shown in Figure 19.1 shall be
included in the internal patterned conductor layers, and on both the external patterned conductor
layers of the sample with good registration. The internal patterns shall mirror the external conductor
pattern. If additional internal patterned layers are included beyond the required two internal
conductor layers, the additional layers can mirror the external pattern or can be determined by the
manufacturer.

c) The pattern is to consist of 0.8 mm (0.031 inch) and 1.6 mm (0.062 inch) wide conductors,
together with unbroken circles of 13, 25, 38, and 50 mm (0.5, 1, 1.5, and 2 inch) diameters. The 50
mm (2.0 inch) maximum diameter conductor is considered representative of larger areas for the

printed wiring board fabricators.

d) At
produ
multil

e) Th
produ
invest
weigh
metal
weigh
oz/ft?)
102
of the
the he
used i

f) Eac
layer.
not ex
intern
19.2,

g) Ch
alkalin

tion. If the maximum internal metal weight cannot be accommodated by |t
yer construction build up described in 19.3, a second set of Bond Strength and

mples shall be provided. The first set of samples shall contain the maximum i
that can be accommodated by the minimum multilayer build-up(described
d set of Bond Strength and Delamination test samples shall contairt the minimy
Up construction that can accommodate the maximum internal metal weight tq

ction.

e external conductor layers shall be comprised of¢the” minimum metal we
ction. The external metal foil shall consist of theé Jightest and heaviest w
gated. If the desired metal foil weight is up to and including 102 p (3 oz/ft?),
to be used in production is to be used in the samples and be considered repr|
from the minimum up to and including 102,41 (3 0z/ft?) maximum. [Minimum e
of less than 33 p (1 oz/ft?) will require samples to be plated up to the equivalg
to permit bond strength testing to be performed.] For external metal foil weights
(3 0z/ft?), the samples shall contain.the heaviest weight of metal, either on the
laminate containing the minimum™metal weight, or in a separate set of sample
aviest weight. The samples are-to be labeled to indicate the initial minimum
h their production.

N generic dielectric base 'material layer shall be in contact with each generic bon
The total build up of\the multilayer laminate Bond Strength and Delamination s
ceed the minimum production thickness plus the thickness of two or the minimu
bl patterned conductor layers, whichever is greater. If the multilayer is constructe
Example (c)s.each generic bonding layer shall be subjected to Bond Strength tes

omic/sulfuric etchant shall be considered representative of all etchants. Any o
e etchant shall be considered representative of all etchants except chromic/sulfu

eight used in
he minimum
Delamination
hternal metal
n 19.3. The
m multilayer

be used in

ght used in
pights to be
he minimum
esentative of
xternal metal
nt of 33 p (1
heavier than
pposite side
s containing
metal weight

ding material
amples shall
m number of
pd per Figure
ing per 19.7.

her acidic or
ric.

19.3.4 The construction of multilayer flammability samples as shown in Figure 19.4 "b" or Figure 19.5 "c"

shall be as fo

llows:

a) The buildup shall include the thinnest individual laminate and prepreg/bonding sheets. The build-
up thickness shall be the minimum total thickness that would result from two etched conductive
layers of the minimum internal metal weight.

b) Each generic base material layer shall be in contact with each generic bonding layer and be an
external surface layer. Each bonding layer that will be used as an external layer shall be in contact
with each generic dielectric material layer.

c¢) All metal shall be etched from internal and external surfaces.

(Note: The flammability samples shall be the same construction as the Bond Strength and Delamination samples minus the copper).
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19.3.5 Testing of a pure package multilayer construction will represent mass laminate and single layer
constructions of the same minimum build up thickness and copper weights parameters. Single layer does
not represent multilayer.

Figure 19.1

Metal Clad Industrial Laminate Bond Strength and Delamination Test Pattern Coupon

25mm 40mm 50mm
(1 inch) (1.5 inch) (2 inches)
I I

NN
CEy \i\/<>
©5men| K

?

W0 F

529708 125mm (5 inches) ——————=

Figure 19.1 notgs for bond strength and delamination test pattern coupon.
A — Metal Line (.8 £0.13 mm (0.031 +0.005 inch) wide.
B — Metal Line 1.6 £0.13 mm (0.062 +£0:Q05 inch) wide.

C — Large Areafp — Shall be either(square or circular. When Recognition for double-sided laminate cladding is desired, test samples
shall contain larpe areas on direttly.opposite positions on each side.
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Figure 19.2
Typical Multilayer Flame Sample

125+5 mm >

+
Minimum Build—up Thickness —|e
a
13 i 0.5 LILILLILIL
Base Material Bonding¢L.ayer
Minimum
Bonding Layer Build-up Base Material
Thickness
Base Material Bonding Layer
43498 b Cross SectionglyView c

Above Figure 19}2 (b) and Figure 19.2 (c) are used for construction identification in the following Figure 19.3 — Figure|19.9.
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Figure 19.3
Cross Section of Uncoated Flammability Coupons

Single or double sided laminates

<@— No Copper 0 =

Laminate //// >Minimum Thickness®P
| | | | |

<a— No Copperd =

S5322

Figure 19.3 notgs for single or double-sided laminates flammability coupon
@ No Copper — Gopper must be completely etched off.
® Minimum Thickness —
1. The[laminate shall be the same thickness and constructed With the same buildup as the laminate used fpr the Bond/Peel
Strengfh and Delamination samples.

2. The|nominal minimum thickness (See Table 7.5)-of the flame samples will be the minimum build up thickpess listed in the
materigl manufacturer’s UL file for the corresponding achieved flammability rating.

3. When only a "Flammability Only" rating is“being evaluated, the construction of the samples shall fepresent actual
produdtion material when metal cladding is present.
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Figure 19.4
Cross Section of Uncoated Flammability Coupons

Multilayer "b" laminates

Copper ©

= No
Minimum Laminate Thicknessb //////

-==— No Copper?®

Minimum and Necessary
Bonding Layer Thickness¢

Copper ©

Minimum Build—up Thickness ®

Figure 19.4 note|

@No Copper—C

5 Minimum Lami

thickness.

¢ Minimum and N
1. The
sheets/|

product
bonding

2. The
any thig
entrapn
Note: The minim
layer thickness
without inside d¢g
9 Laminate ThicK
be accommodat
€ Minimum Build
1. The

the sanj
minus {

2. The
materig|

3. Whe
material

Laminated //////: No

oppeTe

323

5 for multilayer “b” laminate flammability coupon
bpper must be completely etched off.
hate Thickness — The minimum laminate thickness required in production shall be\included in the n

ecessary Bonding Thickness

minimum bonding layer used in production shall be built-up using one ‘on any number of any thicki
prepreg plies. At least one bonding sheet/prepreg ply shall be the’minimum individual sheet th
on. The total thickness between the laminates shall be the minimdum bonding layer. Example: 2 she
sheets/prepreg plies shall equal a 4 mil minimum bonding layer

ponding layer for the minimum build up thickness used inproduction, shall be built-up using one o
kness of bonding sheets/prepreg plies necessary to have good layer registration without inside de
ent.

um bonding layer thickness for Multilayer “b” cohstruction may be considerably thicker than the m
or Multilayer “c” construction because a thicker bonding layer may be necessary to also have ¢
lamination or air entrapment against the maximum thickness internal conductor.

ness — The laminate thickness required.in‘production to support the maximum internal conductor th
bd in the minimum buildup thickness'shall be included.

up Thickness

nultilayer construction shall be the same build up thickness as the Bond/Peel Strength and Delamin

e individual sheet thickness, quantity and position in the buildup of the laminate and bonding sheets
he copper.

ominal minimum thiekness (See Table 7.5) of the flame samples will be the minimum build up thickn
manufactureris.UL file for the corresponding achieved flammability rating.

h a “Flamimability Only” rating is being evaluated, the construction of the samples shall represent a
wheritmetal cladding is present.

inimum buildup

hess of bonding
ckness used in
bts of 2 mil thick

any number of
lamination or air

nimum bonding
ood registration

ckness that can

lation samples —
/prepreg piles —

ess listed in the

rtual production
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Figure 19.5
Cross Section of Uncoated Flammability Coupons

Multilayer "c" laminates

<e— No Copper?®
Minimum Bonding Layer Thicknessb == = == = = «
-&— No Copper?
Minimum Laminate Thickness¢ ////// Minimum Build-up Thickness
<<+— No Copper?
Necessary Bonding = = = = ==
Layer Thicknessd — — — — — -
=+ — No Copper?d

Figure 19.5 nots
@ No Copper —(
® Minimum Bon

1. The
sheets

produgdtion. The total thickness between the minimum surface foil and the miniffium laminate shall be the n

layer.

2. Whdgn required in production this spacing may be built-up using a laminate layer supporting the minimun
one orfany number of any thickness of bonding sheets/prepreg plies.

¢ Minimum Lamjnate Thickness — The minimum laminate thickness requifed in production shall be included in the

thickness.

9 Necessary Bo

using one or an|

delamination or

€ Minimum Builg
1. The
the sa
minus

2 The
materi

3. Wh¢4
materi

5324

s for multilayer “c” laminate flammability coupon
opper must be completely etched off.
ing Layer Thickness

minimum bonding layer used in production shall be built-up using one or_anywiumber of any thich
prepreg plies. At least one bonding sheet/prepreg ply shall be the minimdm individual sheet th

xample: 2 sheets of 2 mil thick bonding sheets/prepreg plies shall equal a 4 mil minimum bonding la

hding Layer Thickness — The bonding layer for the*minimum build up thickness used in production,|
number of any thickness of bonding sheets/prepreg plies necessary to have good layer registrati
air entrapment.

-up Thickness
multilayer construction shall be the samebuild up thickness as the Bond/Peel Strength and Delami

he copper.

pominal minimum thickness (See Table 7.4) of the flame samples will be the minimum build up thick|
bl manufacturer’s UL filesfor the corresponding achieved flammability rating.

n a “Flammability Only” rating is being evaluated, the construction of the samples shall represent
bl when metal cladding is present.

e

ness of bonding
ickness used in
inimum bonding
er.

surface foil plus

Minimum buildup

shall be built-up
bn without inside

hation samples —

he individual sheet thickness, quantity-and position in the buildup of the laminate and bonding sheets/prepreg plies —

hess listed in the

ctual production
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Figure 19.6
Cross Section of Bond/Peel Strength and Delamination Coupons

Single sided laminates

~a— Surface Plating®

- - - - - - - --- -&— Minimum Surface Foil Thickness¢

1

Minimum Thicknessd

——
I

Figure 19.6 note;

@ Surface Plating
during the therm

b Surface Plating
¢ Minimum Surfa

1. Whe
shall beg

cu/sq ft)), the maximum surface foil thickness may be used on an additional set of samples fabricated wif

surface|

2. Whe

Delamipation samples shall be required. See19.11, Additional tests.

3. Whe

4. Whe
and De

4 Minimum Lamifate Thickness=The laminate shall be constructed with the same buildup as the laminate used in pr

5325A

5 for single sided bond/peel strength and delamination coupon

/Coating — Samples shall be prepared with a surface treatment/coating such as oxide to prevent ad
bl stress conditioning.

— Surface plating plus surface foil thickness shall total 34, (1°0z cu/sq ft ) to enable Bond/Peel Stref
Ce Foil Thickness

h prefabricated copper foil is used, the minimum foikthickness not exceeding 102p (3 oz cu/sq ft) us|
employed on the samples. If the maximum surface foil thickness required in production is greater

foil thickness.

h an adhesive is incorporated between ‘the surface foil and the laminate surface, a separate set o

lamination samples.shall be required.

h this surface foil is.fabricated directly on the laminate surface via an additive process, a separate §

~a— Surface Plating/Coating (optional)d

hesion of solder

gth testing.

ed in production

than 102p (3 oz
h the maximum

Bond/Peel and

h this surface foil is any material.except copper foil, a separate set of Bond/Peel and Delamination §amples shall be
requiredl.

et of Bond/Peel

duction.
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Figure 19.7
Cross Section of Bond/Peel Strength and Delamination Coupons

Double sided laminate

-=— Surface Plating/Coating (optional) @

==— Surface Plating®

<&— Minimum Surface Foil Thickness®

Micicaura Thicknessd

Figure 19.7 nots

@ Surface Platin
during the thernt

b Surface Platin

¢ Minimum Surf

1. Whgn prefabricated copper foil is used, the minimum foil'thickness not exceeding 102 p (3 oz cu/sq ft) u
shall bg employed on the samples.

2. Whegn an adhesive is incorporated between the“surface foil and the laminate surface, a separate set g
Delam|nation samples shall be required. See 19.41, Additional tests.

3. Whgn this surface foil is any material.except copper foil, a separate set of Bond/Peel and Delamination
requirgd.

4. Whegn this surface foil is fabricated directly on the laminate surface via an additive process, a separate
and Dglamination samples shall'be required.

4 Minimum Lam
€ Minimum or M

1. 1fth
foil thig

<&— Minimum or Maximum Surface ROil Thickness

~=— Surface Plating®

~=— Surface Plating/Coating (dptional)@

s for double sided bond/peel strength and delamination coupon

p/Coating — Samples shall be prepared with a surface treatmerit/coating such as oxide to prevent a
al stress conditioning.

) — Surface plating plus surface foil thickness shall total 34<u.(1 oz cu/sq ft ).to enable Bond/Peel Strg

ce Foil Thickness

nate Thickness — The)laminate shall be constructed with the same buildup as the laminate used in p
hximum Surfaee Foil Thickness

maximum.sarface foil thickness required in production is not greater then 102 u (3 oz cu/sq ft), the

kness shall.be used on this side also.

e maximum surface foil thickness required in production is greater than 102 p (3 oz cu/sq ft) the maxi
is si iti i i Xi e fdil thickness to be

hesion of solder

ngth testing.

ed in production

f Bond/Peel and

samples shall be

set of Bond/Peel

oduction.

Minimum surface

mum surface foil
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Figure 19.8

Cross Section of Bond/Peel Strength and Delamination Multilayer Laminate "b" Coupons

-=— Surface Plating/Coating (optional)®
-<a— Surface Platingb

~&— Minimum Surface Foil Thickness®

= =
///// »Minimum Laminate Thickness?
- Z.a

Internal Conductor
(Less Than Maximum Foil Thickness)®

> g"g:{g?ﬁg" Lg';g, Nocesso s e Minimyrm Buiid-up Thickness|

¢ Internal Conductor
(Maximum Foil Thickness)d

////// Lominate Thickness"
= =

~=— Mififum or Maximum Surface Foil Thickness'

<=~ Surface Plating®
~a— Surface Plating/Coating (optional)®

Figure 19.8 notep for multilayer “b” laminate bond/peel strength and delamination coupon

@ Surface Platind/Coating — Samples shall-be prepared with a surface treatment/coating such as oxide to prevent adhesion of solder
during the thermgl stress conditioning

b Surface Plating— Surface plating plus surface foil thickness shall total 34 (1 0z cu/sq ft) to enable Bond/Peel Strength testing.
¢ Minimum Surfafe Foil Thicknéss

1. When prefabricated copper foil is used, the minimum foil thickness not exceeding 102p (3 oz cu/sq ft) used in production
shall bd employed-on the samples.

2. Whep+anjadhesive is incorporated between the surface foil and the laminate surface, a separate set of Bond/Peel and
Delamirratt irec: mar ftt - tre—ts— ed between the
surface foil and the laminate surface, a separate set of Bond/Peel and Delamination samples shall be required. See 19.11,
Additional tests.

3. When this surface foil is any material except copper foil, a separate set of Bond/Peel and Delamination samples shall be
required.

4. When this surface foil is fabricated directly on the laminate surface via an additive process, a separate set of Bond/Peel
and Delamination samples shall be required.
4 Minimum Laminate Thickness — The minimum laminate thickness required in production shall be included in the minimum buildup
thickness.
¢ Internal Conductor of Less Than Maximum Thickness — The thinner than maximum foil thickness is incorporated to allow for the
inclusion of the minimum bonding layer thickness.
"Minimum and Necessary Bonding Thickness
1. The minimum bonding layer used in production shall be built-up using one or any number of any thickness of bonding
sheets/prepreg plies. At least one bonding sheet/prepreg ply shall be the minimum individual sheet thickness used in
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production. The total thickness between the laminates shall be the minimum bonding layer. Example: 2 sheets of 2 mil thick
bonding sheets/prepreg plies shall equal a 4 mil minimum bonding layer.

2. The bonding layer for the minimum build up thickness used in production, shall be built-up using one or any number of
any thickness of bonding sheets/prepreg plies necessary to have good layer registration without inside delamination or air
entrapment.

3. When a second set of Bond/Peel Strength and Delamination samples are required to accommodate the internal
conductor of maximum thickness, additional bonding sheets/prepreg plies may be necessary to have good layer registration
without inside delamination or air entrapment.

Note: The minimum bonding layer thickness for Multilayer “b” construction may be considerably thicker than the minimum bonding

layer thickness

for Multilayer “c

without inside delamination or air entrapment against the maximum thickness internal conductor.
9 Internal Conductor Maximum F0|I Thlckness — At Ieast one |nterna| patterned conductor Iayer shaII contaln the maximum metal

weight used in
build up descrif

shall be provid¢

minimum multil
Delamination te
metal weight to

P Laminate Thic|

1. The
accom

2. The
necesy
those

" Minimum or M3

1. If th
foil thig

2. If th
thickng
used irf
i Minimum Build
shall not exceed
1. TH
constr

2. The
condu

Drodu
ed in Multl -layer sample constructlon Sectlon 19. 3 a second set of Bond Strength and Delaminafi
d. The first set of samples shall contain the maximum internal metal weight that can be~accon
byer build-up described in Multi-layer sample construction, Section 19.3. The second $et of Bo
5t samples shall contain the minimum multilayer construction build up that can accommedate the nj
be used in production. [See 19.3.3(d)].

ness

laminate thickness required in production to support the maximum interpal conductor thickn
modated in the minimum buildup thickness shall be included.

second set of Bond/Peel and Delamination samples (when required), shall contain the minimum la
ary to support the maximum internal conductor thickness required-in production. These coupons mg
f the minimum build up thickness.

ximum Surface Foil Thickness

e maximum surface foil thickness required in production is‘Qet greater then 102p (3 oz cu/sq ft), the
kness shall be used on this side also.

b maximum surface foil thickness required in production is greater than 102p (3 oz cu/sq ft) the max

production shall be provided.
-up Thickness — The minimum build up(thickness of the multilayer Bond/Peel Strength and Delan
the minimum production thickness plus the thickness of the internal conductors.

e thickness of the Bond/Peel Strehgth samples may be thicker than the Flammability sampl
ction due to the thickness and,percent of the internal conductor metal retained in the Bond/Peel Stre

thickness of the Delamination samples may be thicker than the Bond/Peel samples due to the percq
tor metal retained in the\Delamination samples.

construction because a thicker bonding layer may be necessary to also have good registration

yer construction
ion test samples
modated by the
hd Strength and
aximum internal

bss that can be

Minate thickness
y be thicker than

ninimum surface

mum surface foil

ss may be used on this side, or an additional set of samples fabricated with the maximum surface fdl thickness to be

hination samples

es of the same
ngth samples.

nt of the internal
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Figure 19.9

~=— Surface Plating/Coating (optional)®

<=— Surface Plating®

--— Minimum Surface Foil Thickness®

Internal Conductor

—_—

Minimum Bonding Layer Thicknessd

(Less Than Maximum Foil Thickness)®

Cross section of bond/peel strength and delamination multilayer laminate "c" coupons

‘\
\
\\
\\
\\
\
\
\
\

&Minimum Laminate Thickness'

o

Figure 19.9 note|

@ Surface Plating
during the therm

b Surface Plating
¢ Minimum Surfa

1. Whe
shall bg

2. Whe
and De

~=— Minimum or Maximund_3utface Foil Thickness'

-=— Surface Plating®
~<=— Surface Plating/Goating (optional)®

Internal Conductor
(Maximum  Foil Thickness)d

>Necessory Bonding Layer Thicknesst

Minimum  Build—up Thickness J

—

5 for multilayer “c” laminate bond/peel strengthand delamination coupon

/Coating — Samples shall be prepared with-a\surface treatment/coating such as oxide to prevent adhesion of solder
bl stress conditioning.

— Surface plating plus surface foil thickness shall total 34 u (1 oz cu/sq ft ) to enable Bond/Peel Strefgth testing.
Ce Foil Thickness

h prefabricated copper foil is used, the minimum thickness not exceeding 102 p (3 oz cu/sq ft) usgd in production
employed on the samples.

h an adhesive is incorporated between the surface foil and the bonding layer surface, a separate get of Bond/Peel
amination samples'shall be required. See 19.11, Additional tests.

3. Whep this surfaceAfeil is any material except copper foil, a separate set of Bond/Peel and Delamination §amples shall be

requireql.

4. Wheh this_surface foil is fabricated directly on the bonding layer surface via an additive process, a [separate set of
Bond/Pgeland Delamination samples shall be required.

5. When this surface foil is on one side of a laminate layer (cap layer), a separate set of Bond/Peel and Delamination
samples shall be required.

4 Minimum Bonding Layer Thickness

1. The minimum bonding layer used in production shall be built-up using one or any number of any thickness of bonding
sheets/prepreg plies. At least one bonding sheet/prepreg ply shall be the minimum individual sheet thickness used in
production. The total thickness between the minimum surface foil and the minimum laminate shall be the minimum bonding
layer. Example: 2 sheets of 2 mil thick bonding sheets/prepreg plies shall equal a 4 mil minimum bonding layer.

2. When required in production this spacing may be built-up using a laminate layer (cap layer) supporting the minimum

surface foil plus one or any number of any thickness of bonding sheets/prepreg plies.

¢ Internal Conductor of Less Than Maximum Thickness — The thinner than maximum foil thickness is incorporated to allow for the
inclusion of the minimum bonding layer thickness.

fMinimum Laminate Thickness

1. The minimum laminate thickness required in production shall be included in the minimum build up thickness.
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2. When required for thicker conductors, the minimum laminate thickness required in production necessary to support the
maximum internal conductor thickness required in production shall be used in the build up of a second set of Bond/Peel
Strength and Delamination samples.
9 Internal Conductor Maximum Foil Thickness — At least one internal patterned conductor layer shall contain the maximum metal
weight used in production. If the maximum internal metal weight cannot be accommodated by the minimum multilayer construction
build up described in Multi layer sample construction, Section 19.3, a second set of Bond Strength and Delamination test samples
shall be provided. The first set of samples shall contain the maximum internal metal weight that can be accommodated by the
minimum multilayer build-up described in Section 19.3. The second set of Bond Strength and Delamination test samples shall
contain the minimum multilayer construction build up that can accommodate the maximum internal metal weight to be used in
production. [See 19.3.3(d)].
" Necessary Bonding Layer Thickness.

1. The bonding layer for the minimum build up thickness used in production, shall be built-up using one or any number of
any thickness of bonding sheets/prepreg plies necessary to have good layer registration without inside delamination or air
entrapment.

2. When a second set of Bond/Peel Strength and Delamination samples are required to accommodate the internal

condugtor of maximum thickness, additional bonding sheets/prepreg plies may be necessary to have'good Jayer registration

without inside delamination or air entrapment.
 Minimum or M3ximum Surface Foil Thickness

1. If th¢ maximum surface foil thickness required in production is not greater then 102 y (3 0z cu/sq ft), the minimum surface
foil thigkness shall be used on this side also.

2. If th¢ maximum surface foil thickness required in production is greater than 102 (3 oz cu/sq ft) the max{mum surface foil
thickngss may be used on this side or an additional set of samples fabricated with- the maximum surface fojl thickness to be
used ir} production shall be provided.
J Minimum Build-up Thickness — The minimum build up thickness of the multilajer)Bond/Peel Strength and Delarfiination samples
shall not exceed the minimum production thickness plus the thickness of the internal conductors.

1. Thelthickness of the Bond/Peel Strength samples may be thickerthan the Flammability samples of the sgme construction
due to the thickness and percent of the internal conductor metal retained in the Bond/Peel Strength sample$.

2. Thelthickness of the Delamination samples may be thicker than the Bond/Peel samples due to the percgnt of the internal
condugtor metal retained in the Delamination samples.
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19.4 Data collection

19.4.1 The conductor trace average width shall be determined by measuring the average contact or
interface area of the conductor material to base material. See Figure 19.10. Each of the following
conductor widths shall be determined:

a) A 0.8 mm (0.031 inch) wide conductor and

b) A 1.6 mm (0.062 inch) wide conductor.

Figure 19.10

Measuring conductor average width

A
:m::# <— Conddgtor
é

Note - The graphic shown above represents the top view of the conductor trace

B

— — v‘/ Conductor
JAL > B »TCL e

Note - The graphic shown above represents the microsection view of the conductor trace

SUUT

Note - The graphic shown above represents the microsection view of the conductor trace

S5084B

19.4.2 In cqsesyWhere the contact or interface area of the materials cannot be viewed from above due to
the conductordimensions, (see Figure 1910 C), the average contact or interface area of the separated
materials shall be used to measure the conductor average width.

19.4.3 The maximum area conductor diameter shall be determined on the sample test pattern. Alternate
conductor area diameters shall also be determined if necessary for the test method.

19.4.4 The external conductor thickness (weight) including foil thickness and plating shall be determined
on the sample test pattern. In addition, the external conductor foil and conductor surface plating thickness
shall be determined on the sample test pattern to verify the total conductor thickness is appropriate for the
bond strength pull.

19.4.5 For samples with internal conductor test patterns, the internal conductor thickness (weight) shall
be determined for each internal conductor layer.
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19.4.6 The average build up thickness of the sample shall be determined where no conductor material
resides on the internal or external surfaces of the printed wiring board construction.

19.4.7 The measuring device used to measure the build up thickness and test pattern parameters shall
have an accuracy of 10 percent of the measured parameter. Microsection analysis shall be used to
determine the external and internal conductor thicknesses.

19.5 Microsection analysis
19.5.1 General
19511 T iance of the

, . . , |
materials, clnstruction, and test pattern of the metal clad laminate, film and prefabrica&d multilayer

laminate with the applicable standard and test method sample coupon construction‘requifements. The

same basic procedures may be used to evaluate other areas of the sample construetion’.

19.5.1.2 Glidelines for preparing microsection samples are described in\the Standard Practice for
Preparation |of Metallographic Specimens, ASTM E 3, and Microsectioning, Manual @and Semi or
Automatic Mgthod, IPC TM-650 2.1.1.

19.5.2 Testsamples

19.5.2.1 THe microsection samples shall be cut from the tést coupon to include representative areas of

the paramet
required trac
Samples sha
the examina
coupon des
examination

19.5.2.2 Sé
height shall &

19.5.2.3 S4
and residue
important fof
between the

19.5.24 S3

ers to be measured. This may require multiple microsections. All samples n
eability. Three common types of cutting toels’are diamond saws, routers, and pj
Il be cut perpendicular to the evaluation,sutface with enough clearance to preve
ion area. The recommended minimupi-clearance is 2.5 mm (0.1 inch). Dependi
gn, care shall be exercised in choosing a microsection location such tha
can be made.

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.

mples shall be cleaned thoroughly with isopropyl or ethyl alcohol to remove all
from the cutting-tools. Dry the sample thoroughly. Cleanliness during sample

good adhesion of the mounting resin. Poor adhesion of the mounting resin ca
sampleand the mounting material which make proper examination difficult.

hust maintain
unching dies.
nt damage to
ng on the test
a complete

The sample

greases, oils,
breparation is
N cause gaps

release agel

g material. A

mples shall be mounted prior to grinding and polishing in a castable resin/potti
n_shaﬂ_b.Lappﬂedio_mLmale_and_mmmLmohuhuamplLshaLsfandlrn 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.

19.5.2.5 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.

19.5.2.6 A description of the basic grinding and polishing steps is outlined in 19.5.2.7 — 19.5.2.9.

19.5.2.7 The samples shall be rough planar ground using an abrasive medium. ANSI 180 — 240 grit
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
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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.

19.5.2.8 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 time shall be
spent on the larger grit and more time on the smaller grit for better sample quality. The scratch removal
can be verified by microscopic inspection between steps. Rinse and dry samples between each step to

avoid contam

ination by grinding particles.

19.5.2.9 Poli

preferred. S
excessive lod
reduce smea

19.5.3 Micr

19.5.3.1  WH
examination

19.5.3.2 Th
solution and

of reagent gr
solution of stg

19.5.3.3 Th
the etchant 2
etchant.

Note: Over etch
evaluation. Thin

19.5.4 Mate

19.54.1 Th
illumination.

19.54.2 All
limited to, o

ntearing of the test material or potting material may occur if lubrication levels are

d is used during grinding. Increase or change the lubricant and reduce the.ap
[ing.

p-etching the sample surface

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

b etching solution shall be prepared daily and is a-mixture of 7 drops Ammoniu
D drops Hydrogen Peroxide solution. The Ammanium Hydroxide solution is 1:1
hde Ammonium Hydroxide and deionized water.)The Hydrogen Peroxide solutig
bilized Hydrogen Peroxide (3 percent by volume) and deionized water.

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

ing may obscure the demarcation’line between the copper foil and electroplate copper, prev
Copper foil and special plating processes require the etching time to be modified.

rial and test pattern*parameter examination

parameters required by the standard shall be measured and observed inclu
erall construction build up thickness, laminate layer thickness, bonding lay¢

nd polish is
too low or if
plied load to

thed to allow

m Hydroxide
ratio solution
nis 1:1 ratio

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

br to remove

enting accurate

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

ling, but not
pr thickness,

number and t

19.6 Thermal stress

19.6.1

19.6.1.1

Purpose

ickness of reinforcement layers, conductor thickness (weight), conductor base width, etc.

The thermal stress test is designed to evaluate the physical fatigue of test samples exposed to

the anticipated board assembly soldering process. There shall be no wrinkling, cracking, blistering, or
loosening of any conductor or any delamination of the materials as a result of the thermal stress test.

19.6.2 Apparatus

19.6.2.1

Thermal stress reflow conditions shall be conducted using the following apparatus:
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Reflow Oven — The reflow system shall have adequate environmental controls to maintain the
tolerance range and limits in the designated reflow profiles. IR reflow requires attention to the
uniformity of temperature across the sample due to the susceptibility of the materials to infrared
absorption.

19.6.2.2 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,
shall
adhe

c) So
so th

treatn
not to

19.6.3 Pro

19.6.3.1 Al
prior to being

19.6.3.2 THh
conducted w

19.6.3.3 Al

and avold mechanical damage Imposed by an nadequately fluidized sand-b
be prepared to prevent adhesion of sand. Samples shall not be tested for flamn
es to the sample.

der Pot — Attention shall be directed to the samples when removingthem from
b solder does not join with the conductor traces. Samples shalllbe*prepared W
hent/coating such as oxide to prevent adhesion of solder. Samples shall be pr
have solder or solder resist on the conductors during testing.

cedure

samples are to be conditioned at 121°C +2°C(250°F +3.6°F) for a minimum
subjected to the thermal stress unless specified’otherwise by the manufacturer.

ermal stress shall be conducted within 30-minutes after removal from the 121°
thin 30 minutes, the samples shall be-stored in a desiccator to prevent moisture

samples shall be subjected toxeflow soldering conditions or equivalent proces

hth. Samples
ability if sand

he solder pot
ith a surface
epared so as

of 1.5 hours

C oven. If not

absorption.

5 specified by

the manufacturer. The standardized thermal stress conditions described in Table 19.3 shall be used for
this investiggtion.
Table 19.3
Sample Thermal Stress Standardized Conditions
Assgmbly Procéss Maximum Peak Temp Dwell Time Cycles

Reflow 260°C|245°C 6r.230°C T1 (default 260°C) IPC TM-650 2.6.27 X (dgfault 6)

Reflow Special T2 t2 plus profile conditions X

Wave / Selective-sotdering T3 3 X

Notes:

2 —Reflow—-T

dwell time (t2)

6 — See reflow

1 — Default reflow conditions are 260°C peak temperature and six cycles. Manufacturer shall specify alternate conditions if
necessary for the thermal stress test.

he peak temperature (T1) and number of cycles (X) shall be specified.

3 — Reflow Special — Unique conditions defined by the manufacturer for ramp rate (R1), cooling rate (C1), peak temperature (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 material surface.

profile figures in IPC TM-650 2.6.27

19.6.3.4 Materials 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 Special Reflow in
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accordance with IPC-TM-650 2.6.27. The Reflow 260°C profile using six (6) cycles shall be the default
thermal stress conditions, unless specified otherwise.

19.6.3.5 Materials 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

manufacturer. One (1) cycle shall be the default unless specified otherwise.
19.6.4 Retest

19.6.4.1 A retest is to be performed when a change in thermal stress is desired to
temperature, dwell time, and/or number of cycles.

increase the

19.7 Bond Ltrength delamination and blistering test
19.7.1 As received

19.7.1.1 Wk
19.6.1.1, the
wrinkling, cra
and bonding
shall be perfq
When the res

en the samples have cooled to room temperature, after the thermal stress as
unbroken area circles and the entire sample shall be examined and there
cking, blistering, or loosening of any conductor or any delamination of the diele
heets. A bond strength test, as described in the Standard for Printed Wiring Boa

ults do not conform with the criteria of 19.1.11, testing'shall be discontinued.

19.7.2 Oven conditioning

19.7.2.1 Following the bond-strength testing, two ofithe four test samples are to be placed i
240 hours (10 days) at an elevated temperature based on the operating temperature rating o
being investigated. The two remaining samples-(of the four) are to be placed in a conditior]
1344 hours (56 days) at an elevated temperature based on the operating temperature
material being investigated. The elevated\eonditioning temperature is determined using thg
19.7.2.2. At the conclusion of the oyen:conditioning, the bond-strength testing is to be re
samples are [to be examined visually,-after oven conditioning and there shall be no wrinkli
blistering, or loosening of any conductor or any delamination of the dielectric material and bor]
The alternate 1344-hour (56-day) oven conditioning temperature may be used if f
manufacturen anticipates that the higher test temperature and increased bond-strength test
of the 240-hopr (10-day) even conditioning program would be too severe for the product.

Exception: For film>type materials, separate two test samples besides As-received sampl
placed in an|oven,for 240 hours (10 days). Also, another separate two samples besides

described in
shall be no
ctric material
rds, UL 796,

rmed on two of each of the 1.6 mm and 0.8 mm conductor widths on the four fest samples.

N an oven for
the material
ing oven for
rating of the
t formulas in
peated. The
ng, cracking,
ding sheets.
he laminate
equirements

ps are to be
As-received

samples are [fo~be placed in a conditioning oven for 1344 hours (66 days). Thus, for film ty

pbe materials,

total 8 samples (4 for As-received, 2 for 10 days, and 2 for 56 days) are needed.

19.7.2.2 The following formulas are to be used to determine the oven temperature, for 240 hours (10

days) and 1344 hours (56 days) day of conditioning:
t, = 1.076(t; + 288) — 273 [for 240 hours (10 days) oven conditioning]

t3 = 1.02(t; + 288) — 273 [for 1344 hours (56 days) oven conditioning]

in which:

t; is the desired or established maximum operating temperature (MOT) in °C and is not greater

than the established relative thermal index (RTI);

t, is the oven temperature for 240 hours in °C; and
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t; is the oven temperature for 1344 hours in °C.

See Table 19.4 for the 240 hour (10 day) and 1344 hour (56 day) oven conditioning temperatures.

19.8 Delamination and blistering

19.8.1

Following the thermal stress, Section 19.6, and the oven conditioning in 19.7.2.1 or 19.7.2.2,

there shall be no wrinkling, cracking, blistering, or loosening of any conductor or any delamination of the
base material or prepreg after either the thermal stress or oven conditioning.

19.9 Dissimilar dielectric materials thermal cycling test

19.9.1 Gerferal

19.9.1.1 THhree samples constructed as described in Section 19.3 and Figure 194, are to b
as described in 19.9.2. Following the conditioning, there shall be no wrinkling;>cracking,
loosening of jany conductor or any delamination of the base material or prepreg.

19.9.2 Thefmal cycling

19.9.2.1 TRermal conditioning for three cycles of the following<Using the scheduling desc
19.5 (see aldo Table 27.1 in UL 796):

a) 48 hours at 10°C (18°F) above the maximum operating temperature spe

manu
b) 64
c)8h

d) 64

facturer,

hours at 35 +2°C (95 £3.6°F) at 90 +5.percent humidity,
ours at 0°C (32°F), and

hours at 35 +2°C (95 1£3.6°F) at 90 5 percent humidity.

Table 19.4
Oven conditioning temperatures for the desired (or established) MOT

e conditioned
blistering, or

ibed in Table

tified by the

t,, Desired (of established) t,, Oven temperature (°C) for 240-hour (10- t3, Oven temperature (°C) for 1344-hour (56-
MOT (°C) day) oven conditioning day) oven conditioning
75 118 98
80 123 103
429 108

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 19.7.2.2 with the conditioning values
rounded up to the next whole integer.
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Table 19.5
Thermal cycling scheduling — to be used with a manual process

Time
Day (Note) Conditioning
Day 1 3:00 PM Inoven @ TI °C (T + 10°C)
Day 2 - (In oven)
Day 3 3:00 PM Out of oven —into H.C. @ 90% R.H.
Day 4 - (InH.C.)
Day 5 - (InH.C.)
Day 7-00Ad OutofHC—ntoFreezer@6°C
Day b 3:00 PM Out of Freezer —into H.C. @ 90% RJH.
Day|r - (InH.C.)
DaypB - (InH.C.)
DayPp 7:00 AM Out of H.C4-end of cycle

NOTES -
1. Day 1 4 9 represents one cycle.

. All timgs may be adjusted in equal increments to reflect a later starting date.

. Samplgs shall be stored at 23°C +2°C (73.4 +3.6°F) and 50% R.H. between)cycles.

2
3
4. T = Makimum Operating Temperature (MOT) of Printed Wiring Board.
5. Tl = Thermal Conditioning Temperature.

6. HC = Humidity Chamber.

7

. A progfammable conditioning chamber with the software ramp rate and cooling rate set at the chamber maximum
limitation pan be used as an alternate to the manual process.

19.10 Flammability test

19.10.1 Following the Thermal stress test, 19.6, the flammability test shall be performed ir] accordance
with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Apgpliances, UL
94,

Exception Na. 1: See flammability sample alternate precondition values in 4.4.

Exception Nqg. 2: Ifthe/declad laminate was previously investigated under the requirements in UL 94, and
was assignefl a_HB flammability classification, flammability testing of the metal clad laminate is not
required to agsigh this same HB classification to the metal-clad laminate material.

19.10.2 The flammability sample dimensions shall be as specified in Table 19.1 in accordance with the
requested flammability classification. The sample edges are to be smooth, and the radius on the corners is
not to exceed 1.3 mm.

19.10.3 The total build-up of the flammability samples shall not exceed the minimum production
thickness including two, or the minimum number of completely etched internal layers, whichever is greater.

19.11 Adhesives for bonding conductors

19.11.1 Bond Strength, Delamination and Blistering, Flammability, Infrared Analysis, Comparative
Tracking Index (CTI), High Current Arc Ignition (HAI), and Hot Wire Ignition (HWI), tests shall be required
where the cladding is bonded by means of a separate adhesive. Testing is to be performed in accordance
with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A, and the Standard
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for Tests for Flammability of Plastic Materials for Parts and Devices in Appliances, Tests for Flammability
of Plastic Materials for Parts and Devices in Appliances, UL 94.

Exception: Where it is determined the above test has previously been conducted on a declad sample with
adhesive and the metal removed by etching, additional testing is not required.

19.11.2 Test samples for the Bond Strength test in 19.7 shall be constructed as indicated in Section 19.2
and/or Section 19.3 and shall include the minimum adhesive thickness that corresponds with the metal
weights to be investigated. The Flammability, HAl and HWI test samples shall be declad samples
constructed with the minimum laminate thickness and the maximum adhesive thickness that corresponds
with the metal weights to be investigated. The CTI test samples shall be declad samples constructed with
2.5 mm (0.1Q-inch) laminate thickness and the maximum adhesive thickness that corresponds with the
metal weights to be investigated.

19.11.3 Ad
by the manu

hesive material used to bond the conductive material to the base material shal
acturer and grade designation of the adhesive material.

be identified

19.114 Ea
19.11.5 Ad
20 Prefabr

20.1 Gene
20.1.1 Whg
investigated
described in

20.1.2 Whd
prepregs by
accordance

Ch adhesive shall be subject to identification by infrared analysis.
nesive shall not be water soluble.

icated Multilayered Laminates — Mass Lamination

ral

re the prefabricated multilayered laminate (Mass Laminate) construction w
for the industrial laminate Original.Egquipment Manufacturer (OEM) under the
19.3 — 19.11, no additional testing is\required for the product.

other than the OEM, the"Mass Laminate shall be investigated as described in
vith 19.3 — 19.11.

bs previously
test program

re the Mass Laminate is, fabricated from previously investigated ultra thin laminates and

Table 20.1 in

Test Program for Mass LaminateTS:Lekgggs Fabricated by Other Than OEM
Testing
Acceptable by Delamination and
Varjation CCIL/MCIL Bond strength blistering Flame
Adding a laminate and prepreg Yes - X -
(Not intermixing) No X X X
Adding a laminate and prepreg Yes - X X
(Intermixing each combination) No X X X

20.2 Product limitations

20.2.1

A prefabricated multilayer laminate (Mass Laminate PML) shall be limited to the range of metal-

foil weights both external and internal, the maximum assigned individual thermal limits for the ultra thin
laminate and prepreg thickness, the ultra thin laminate and prepreg combination, the minimum total build-
up thickness, and the thermal stress limits that were tested.
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20.3 Test samples

20.3.1 Test samples for the bond-strength test are to be prepared using previously investigated ultra thin
laminates and bonding sheets. Samples are to include but not be limited to the thinnest individual ultra thin
laminate and the thinnest individual prepreg to be investigated, and are to contain at least one internal
plane layer of metal foil in the heaviest weight on the ultra thin laminate for internal planes. The etchant
used for the preparation of the internal plane pattern is to be at the option of the manufacturer of the

prefabricated

multilayered laminate.

20.3.2 Bond strength and flammability testing shall follow the thermal stress test per 19.1.11 — 19.10.1.

20.4 Procegses

20.4.1 Each

temperature and time duration of any given step.

20.4.2 The
and with dim
the conducto

20.4.3 Chrd
alkaline etchd

20.4.4 Addi
conducted as
Flammability,

a)Aog
(212°H

b)Ac
PERMANEN
21 Perman

211

2111 The

Genernrpl

sample shall be manufactured using each step of the most severe process W

brocess of forming the conductor shall result in smooth edges without excessive
bnsions not less than represented by the test board. Undercutting shall not be
thickness, per side.

mic/sulfuric etchant shall be considered representative of all etchants. Any of
nt shall be representative of all etchants except chromic/sulfuric.

ional testing is required for any one or more of the following changes. T¢
indicated in Section 19, Thermal Stress,-Bond Strength, Delamination and B
unless otherwise indicated:

hange in any process when the temperature on the surface of the laminate ex
F) or the maximum operating temperature of the laminate construction, whicheve

hange in etchant.
I COATINGS

ent Coatings

lammability rating of the combination of the permanent coating applied to a lami

ith regard to

undercutting
greater than

her acidic or

sts shall be
istering, and

ceeds 100°C
I is greater.

hate material
d to thermal

shall be detdg

rmined as described in 21.2 — 21.4 after the combination has been subjecte

stress conditioning.

21.1.2 Variations in material composition shall be evaluated in accordance with Polymer Variations

section of the

Standard for Polymeric Materials — Short-Term Evaluations, UL 746A.

21.2 Test samples

2121 Test

samples are to be prepared:

a) Using one of each generic grade of previously investigated UL/ANSI type laminate for which a
flammability classification of the coating is requested. The curing process (temperature, time, and
so forth) is to be specified by the coating manufacturer and shall be used when preparing samples.
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21.2.2

21.2.3

b) Using both 1.6 mm (0.062 inch) and the thinnest desired laminate provided that this thickness is
not less than the thickness for which the laminate has previously been investigated.

c) Using metal-clad material from which the metal has been completely removed by etching.
Where the generic grade encompasses laminates with a V-0 rating, a laminate with this rating is to
be selected for the coating. For all UL/ANSI grades, the laminate selected should be one that
shows the best UL 94 flammability rating in its grade.

d) Flammability test samples shall be constructed per the Standard for Tests for Flammability of
Plastic Materials for Parts in Devices and Appliances, UL 94. The sample shall be 125 mm £5 mm
(5 inch) long by 13 mm +0.5 mm (0.5 inch) wide. All samples are to be cut from sheet material.
Care is to be taken to remove all dust and any particles from the surface and for all edges to be
smo

TR ) L 41 [T 4 4.0 (OO 1
L. TTIC TdaUIUS UIMTUIC CUITITTS ST1dall TIUUCALECU T.o TITTT (V.U TTCIT ).

e) Usging 20 samples per set (having the dimensions indicated above).

The|following sets of samples are to be prepared according to 21.2.1:

a) @ the minimum

thickn

ne set of uncoated samples provided in both the 1.6 mm (0.062 inch) and
ess.

ness material
wiring board

b) O
with
manu

ne set of samples is to be prepared by coating both sides-of the minimum thick
the minimum coating thickness anticipated to be™applied by the printed
facturer.

ness material
wiring board

c) O
with
manu

ne set of samples is to be prepared by coating.both sides of the minimum thick
the maximum coating thickness anticipated to be applied by the printed
facturer.

ch) thickness
brinted wiring

d) One set of samples is to be prepared by coating both sides of the 1.6 mm (0.062 in
of material using the minimum coating) thickness anticipated to be supplied by the
board manufacturer.

ch) thickness
brinted wiring

e) One set of samples is to bé prepared by coating both sides of the 1.6 mm (0.062 in
of material using the maximum coating thickness anticipated to be applied by the
board manufacturer.

If a

be provided.

21.24 The
in the unpign

coating is to be.considered in a range of colors, samples representing this rang

sample sets described in 21.2.2(b), 21.2.2(c), 21.2.2(d) and 21.2.2(e) employin
hented color and in the most heavily pigmented light and dark colors are to be

je are also to

h that coating
provided and

considered r

epresentative of the color range, IT the results are equivalent. In addition, the

sample sets

described in 21.2.2(b), 21.2.2(c), 21.2.2(d), and 21.2.2(e) employing the coating with the heaviest organic
pigment loading are to be provided unless the most heavily pigmented light and dark colors include the
highest organic pigment level.

21.2.5

Infrared analysis testing is to be performed on each color tested for flammability in accordance

with the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A. A cured sample is
to be provided, if possible. As an alternative, a 50 g (2 oz) liquid sample (with accompanying MSDS) is to
be provided for this purpose. Infrared analysis testing is also to be performed on each component of a
multi-component coating unless a cured sample employing all components is provided.
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21.3 Thermal stress

21.3.1

All samples shall be subjected to a thermal stress, as described in Section 19.6, simulating a

solder operation at a time/temperature value determined by the coating manufacturer based on the
anticipated board assembly process.

21.4 Flammability test

21.4.1

The sample shall be subjected to the tests and classified according to the flammability tests

described in the Standard for Tests for Flammability of Plastic Materials for Parts in Devices and
Appliances, UL 94.

2142 The
(uncoated sa

22 Conforn
22.1

22.1.1 This
electrical equ
polarity or bg
covering aga
dielectric volt

22.1.2 The
Standard for

bermanent coating shall not receive a flammability classification better than the &
mples).

nal Coatings

Generpl

Section covers requirements for conformal coatings used on printed wirin
ipment where electrical spacings are insufficient betwéen uninsulated live part
tween such parts and accessible dead metal parts. The coatings are used as
nst environmental conditions and are also used.instead of electrical spacings to
hge withstand capability between lands (traces).on a printed wiring board.

printed wiring board with conformal coating is to be evaluated in accorda
Printed Wiring Boards, UL 796, and.isto comply with the requirements in this Se

ase material

g boards in
5 of opposite
a protective
increase the

nce with the
iction relative

to temperatufe, solder conditions, conductor sizey and adhesion to the base material under the conditions

encountered
22.1.3 Testi
22.1.4 Flani
permanent ¢
thermal streg
than the basdq

Exception: Fl

22.1.5 The

n the end-use application.
hg is to be conducted oneach type of industrial laminate material that is to be co

mability and infrared\analysis tests are to be conducted in accordance with Se
batings test program. Conformal coating flammability samples shall not be

s conditioning.“Phe conformal coating shall not receive a flammability classifi
material (uRcoated samples).

bmmability tests are not required where the base industrial laminate material is ¢

nsidered.
ction 21, the

subjected to
cation better

assed HB.

nducted.

22.1.6 Voltage transient tests shall be performed in accordance with 22.4, and dielectric voltage-
withstand and breakdown voltage tests shall be performed in accordance with 22.5.

Exception No. 1: Dielectric testing of UL/ANSI FR-4.0 or FR-4.1 are representative of UL/ANS! FR-5, G-
10, G-11, CEM-1, CEM-3.0, and CEM-3.1 materials.

Exception No. 2: Dielectric testing of UL/ANSI XXXPC is representative of UL/ANSI X, XP, XPC, XX, XXP,
XXX, and XXXP materials.

Exception No. 3: Dielectric testing of UL/ANSI GPO-2 is representative of UL/ANSI GPO-3 material.
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22.1.7 If only one sample from a set of five samples does not comply with the requirements, another set
of five samples is to be tested. All samples from this second set shall comply with the applicable test
requirements.

22.1.8 Variations in material composition shall be evaluated in accordance with Polymer Variations,
Section 8.9 of the Standard for Polymeric Materials — Short-Term Evaluations, UL 746A.

22.2 Test samples

22.2.1 Samples are to be prepared for the voltage transient test (see 22.4.1) and the dielectric voltage-
withstand and breakdown-voltage test (see 22.5.1):

a) Using the single-sided test pattern shown in Figure 22.1 applied on one sidJa of the core
lamingate;

b) Using a core laminate copper weight 17 mic or 33 mic for the test pattetn, traces fo support the
test violtage. Copper traces shall be smooth with all burrs and/or defects,removed bgfore applying
coating.

c) Uging a core laminate thickness 1.6 mm or 0.8 mm to support the’test voltage;
d) Uging the minimum electrical spacing between:

1) The parallel trace conductors;

2) The trace and point conductors; and

3) The point to point conductors;

e) Uging the minimum conformal coating\thickness;

f) Using normal production means employing any primer or cleaner recommended Ly the coating
manyfacturer where this feature:is.to be considered.

1) If the primer and/or cleaner is optional, test samples with and without grimer/cleaner
application.

2) The applied-coating shall be uniform thickness.
3) The-applied coating shall be smooth, homogeneous and tack-free at ambierjt conditions.

4).The applied coating shall be free of foreign material.

5) The applied coating shall have no bubbles, pinholes, DIISters, cracking, crazing, peeling,
or wrinkles.

6) The curing process is to be specified by the coating manufacturer and shall be used
when preparing samples.

g) Soldering high-temperature insulated lead wires to the test pattern that are appropriate size and
length for the test voltage and the thermal conditioning temperature. The lead wires shall be
soldered and secured in the sample through holes.

See Table 22.1 for a description of the test program and all test samples required.


https://ulnorm.com/api/?name=UL 746E 2022.pdf

106 UL 746E JANUARY 27, 2022

Figure 22.1

Conformal coating dielectric test pattern

High temperoture
(i.e. PTFE, Silicone, etc)
insuloted test leads soldered
to test pattern through the
back of the board.

A B & A

Trace Width
0.5 £ 0.05mm

Trace Width
0.8 £ 0.08mm

165 mm £ 10mm

——— 5 5m— P

SM1235A
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22.2.2 Conformal coating test samples shall also be prepared for flammability and identification testing
as described in Section 21.2. The flammability samples shall be prepared by coating both sides of the core
laminate with the conformal coating thickness as specified in Table 22.1, and with any additional inks
and/or solder resists if employed.

22.2.3 The abrasion resistance test is an optional test based on the anticipated end product application
requirements. The abrasion resistance test requires a minimum of five copper clad test samples as
described in 22.2.1 and Figure 22.1.

Table 22.1
Conformal coating test samples
:
Quantity of each Dimensions, Coating thickness
Fest coating thickness mm (inch) None Min Max

Voltage transignt, dielectric
withstand voltdge and
breakdown voltage? after:

As receivpd 10f Seeb 2 X -
(unconditjoned)

Environmental conditioning 10f Seeb - X -
Humidity Fonditioning 10f Seeb - X -
Thermal ¢onditioning 10f Seeb - X -
Abrasion fesistance® 10f Seeb - X -
Flammabllity 20¢ 125x13 x 0.8 X X X
(5% 0.5x0.031)
20¢ 125x13x1.6 X X X
(5x0.5x0.062)
20¢ Optional reduced® X X X

thicknesses

Infrared Analygis 4 ounce Jiquid - - - -
sample with MSDS

or.cured sample

2 If only one sgmple from a set of five.samples does not comply with the requirements, another set of five samples i$ to be tested.
All samples frgm this second set shall comply with the appropriate requirements.

® Samples arelto be constructed at either 1.6 mm (0.062 in) or 0.8 mm (0.031 in) in accordance with 22.2.1 and shall be provided
with the minimpm electricalspacings, and minimum coating thickness using the test pattern shown in Figure 22.1. The test pattern
shall be single}sided and.etched using copper weight between 17 mic (0.5 o0z/ft?) and 33 mic (1 0z/ft?) sufficient to dccommodate
the testing volage, The samples are to be prepared by applying the coating on the side of the sample with the test pattern by
normal produdtion'means usmg an |ntended pr|mer or cleaner High- temperature Iead wires shaII be attached that gre considered
acceptable forlth DO mm long
and be attached as shown in Frgure 22.1.

¢ The Abrasion Resistance test is optional.

d Sixty flammability samples are required for each laminate thickness as follows: 20 uncoated, 20 with the minimum coating
thickness, and 20 with the maximum coating thickness. The conformal coating shall be coated on both sides of the core laminate.
This results in an overall total of 120 samples for a routine investigation of the required two thicknesses and 180 samples if an
optional (thinner) laminate thickness is submitted.

¢ If the optional investigation of a laminate at a thickness of less than 0.8 mm (0.031 inch) is requested, an additional set of
uncoated, minimum-thickness-coating, and maximum-thickness-coating flammability samples are required.

f An additional set of five samples may be submitted in case of retest as indicated in Note a.
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22.3 Sample conditioning
22.3.1 Environmental conditioning: Samples are to be subjected to three complete cycles of indoor

and/or outdoor environmental conditioning as described in Table 22.2 and then subjected to the voltage

transient test

and the dielectric voltage withstand and breakdown-voltage test.

Table 22.2
Indoor and outdoor cycling conditions

For indoor end-use applications

For outdoor end-use applications

24 hours at T%
exposure at 35
humidity; follow

A mini 2 - 0 25.0 42.0°C
water; followed immediately by 24 hours at T%fol
immediately by at least 96 hours exposure at)35’
+3.6°F), 90 percent relative humidity; followed by
-3512.0°C (-31.0£3.6°F).

0+2.0°C (95.0 £3.6°F), 90 percent relative
led by 8 hours at 0.0 +2.0°C (32.0 +3.6°F).

(77.0 £3.6°F)
owed

+2.0°C (95.0
8 hours at

@ T is the normg

| operating temperature, but not less than 60°C (140°F).

22.3.2 Hum
relative humi
sealed transy
voltage-withs|

22.3.3 Ther
circulating aif
profile line i
correspondin
FR-3, FR-4.0
thermal endu
are to be coo
and then be
voltage test d

Exception: O

or lower temperature, respectively, is not prohibited from being employed where agre

concerned, a

dity conditioning: Samples are to be humidity conditioned for 168 hours at 90
dity at 35.0 £2.0°C (95.0 £3.6°F). Within two minutes of removal from the tes
orting container, the samples are to be subjected to the voltage transient test ¢
fand and breakdown-voltage test described in 22.4.1atid 22.5.1.

mal conditioning: Samples are to be thermal.conditioned for 1000 hours ir

Figure 22.2. See Table 22.3 for common maximum operating temperatur|
j oven aging temperatures. The thermal endurance profile lines for UL/ANSI ¢
XXXPC, and GPO-2 industrial laminates may be representative of other lamina
rance profile lines represent FR-4:0 'and FR-4.1 laminates. After conditioning,
ed for a minimum of 40 hours at'23 +2°C (73.4 £3.6°F) and a 50 £5 percent relg
subjected to the voltage trapsient test and the dielectric voltage-withstand and
escribed in 22.4.1 and 22.5.1

n the same thermal.ehdurance profile line in Fiqgure 22.2, a shorter or longer tim

nd a period of not'less than 300 hours is to be used.

Table 22.3
Oven conditioning temperatures

- 95 percent
chamber or
nd dielectric

a full draft

oven maintained at the oven temperature derived from the appropriate thermal endurance

bs and their
jrades FR-2,
es. The FR4
the samples
tive humidity
breakdown-

e at a higher
eable to all

Conformal Thermal oven aging temperature
o‘;‘::t?fg 1000 Hours 300 Hours
temperature | FR-4.0 XXXPC FR-3 FR-2 GPO-2 FR-4.0 XXXPC FR-3 FR-2 GPO-2

80°C 100°C 115 115 130 110 115°C 135 135 160 120
85°C 110°C 125 125 140 115 120°C 145 145 170 125
90°C 115°C 130 130 145 120 125°C 150 150 175 130
95°C 120°C 135 135 150 125 135°C 160 155 185 140
100°C 125°C 140 140 160 130 140°C 165 165 195 145
105°C 130°C 150 150 165 135 145°C 170 170 200 150
110°C 140°C 155 155 - - 150°C 180 175 - -
115°C 145°C 160 - - - 155°C 185 - - -

Table 22.3 Continued on Next Page
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Table 22.3 Continued

Conformal Thermal oven aging temperature
o;‘::;'t?gg 1000 Hours 300 Hours
temperature | FR-4.0 XXXPC FR-3 FR-2 GPO-2 FR-4.0 XXXPC FR-3 FR-2 GPO-2

120°C 150°C 165 - - - 165°C 190 — - —
125°C 155°C 170 - - - 170°C 200 - - -
130°C 160°C - - - - 175°C - - - -
135°C 165°C - - - - 180°C - - - -
140°C 170°C — - - - 185°C - — - —
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Figure 22.2

Conditioning time versus oven temperature for normal operating temperature of conformal
coatings

AGING TIME VERSUS TEMPERATURE FOR CONFORMAL COATINGS
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22.4 \Voltage transient test

22.41 After conditioning and immediately prior to voltage transient testing, the samples are to be
wrapped with a tight-fitting aluminum foil (representing an electrically conductive contaminate deposit
along the surface of the coating) that covers the test pattern but does not cover the insulated test lead wire
and solder points. A 50 — 60 Hz and 120 V voltage source is to be applied on the samples between
opposite legs of the test pattern, namely lead A and lead B in Figure 22.1. Each sample is to be subjected
to ten randomly triggered (with respect to the 60 Hz supply waveform) applications of a 6 kilovolt surge
impulse superimposed on the supply source at 60 second intervals. The surge generator is to have a
source impedance of 50 ohms. With no load on the generator, the surge waveform is to have the following
characteristics:

a) Inif
b) Th

c) Ea

2242 Alls

ial rise time of 0.5 microsecond between 10 percent and 90 percent of peak amp
b period of the ensuing oscillatory wave is to be 10 microseconds; and

Ch successive peak of alternating polarity is to be 60 percent of the preceding pe

amples, unconditioned and conditioned, are to be subjected to\the voltage transi

litude;

k.

ent test.

22.4.3 The
being create

e shall be no ignition, dielectric breakdown through the céating, or evidence of a carbon path
] on the surface of the coating material.
22.5 Diele¢tric withstand voltage and breakdown voltage test
2251 The
potential diff

and the foil
breakdown d

and a 1000 V
tween lead A
creased until

samples subjected to the voltage transienttest described in 22.4.1 are to withst
erence for one minute without breakdown. The voltage stress is to be applied be
covering connected to lead B. After@ne minute, the voltage stress is to be in
ccurs.

22.5.2 The
minute withol

conditioned samples (see22:3.1 — 22.3.3) are to withstand the dielectric sfress for one

ut breakdown.

22.5.3 The
the uncondit

conditioned samplesshall have an average dielectric breakdown value at least f
oned samples average dielectric breakdown.

fty percent of

22.6 Abrasgion resistance test

22.6.1 Gerneral

22.6.1.1 Five samples of Figure 2Z.T are 0 beé subjected o the following test. The Abrasion resistance
test is optional and shall be performed based on the end product requirements.

22.6.1.2 Scratches are made across five pairs of conducting parts and the intervening separations at
points where the separations will be subject to the maximum potential gradient during the tests.

22.6.1.3 The scratches are made by means of a hardened steel pin, the end of which has the form of a
cone having a tip angle of 40 degrees, its tip being rounded and polished, with a radius of 0.25 mm + 0.02
mm.

22.6.1.4 Scratches are made by drawing the pin along the surface in a plane perpendicular to the
conductor edges at a speed of 20 mm/s £ 5 mm/s as shown in Figure 22.3. The pin is so loaded that the
force exerted along its axis is 10 N £ 0.5 N.
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Figure 22.3

Abrasion resistance test for coating layers
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NOTE — The pinjis in the place ABCD which is perpendicular to the sample under test.

22.6.15 Th

22.6.1.6 After this test, the coating layer-shall neither have loosened nor have been pierce
withstand an glectric strength test as spécified in 22.6.2 between conductors.

22.6.2 Electric strength

22.6.2.1 Thg dielectric matérial is subjected to a voltage substantially sine-wave form having
of 50 Hz or p0 Hz. The-test voltage is based on the assumption that the working voltag

e five scratches shall be at least 5xmm apart and at least 5 mm from the edge of the sample.

0 and it shall

a frequency
e across the

dielectric maferial will-be less than 184 V or less than 1.41 kV between primary and secong
safety extra Ipw.voltage) circuitry. Working voltages above these levels shall be evaluated
end product performance requirements. See Table 22.4 for the test voltage.

ary (SELV —

Tased on the

Table 22.4
Abrasion resistance electric strength test voltage

Working voltage (peak or d.c.) Test voltage, volts r.m.s.

Less than 184 V
Less than 1.41 kV

2000
3000

22.6.2.2 The voltage applied to the dielectric material under test is gradually raised from zero to the

prescribed voltage and held at that value for 60 seconds.

22.6.2.3 There shall be no dielectric material breakdown during the test. Dielectric material breakdown is
considered to have occurred when the current which flows as a result of the application of the test voltage
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rapidly increases in an uncontrolled manner, i.e. the dielectric material does not restrict the flow of the
current. Corona discharge or a single momentary flashover is not regarded as dielectric material
breakdown.

MARKING
23 Details

23.1 An industrial laminate, vulcanized fibre, filament wound tubing or other material that complies with
the requirements in this Standard shall include the following markings on the smallest unit shipping
containers for the material:

a) The manufacturer's name, trademark, or symbols by which the organization respgnsible for the
proddct may be identified:;

b) The distinctive material designation; and

c) An identification code to indicate the factory at which the material is profluced, when
manyfactured at more than one location.

23.2 A prdfabricated multilayered laminate (Mass Laminate) shall be limited to a uynique grade
designation for each ultrathin laminate and prepreg combination.

23.3 A mefal base laminate shall be limited to a unique grade designation for each dieledtric insulation
material. Multiple types of metal materials may be used with one dielectric insulation matefial under the
same grade gesignation.

23.4 Mater|al formulation changes or polymer variations shall require a new unique product designation.
The extent of the name change shall be obviousto the user.

Exception: Ip cases where testing of a_polymer variation shows the same or better results| the material
may retain the same designation if the compliance criteria are met as defined in the |Standard for
Polymeric Materials — Short Term, Property Evaluations, UL 746A, Section 9.9, Polymer Variafions.
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SUPPLEMENT SA - FOLLOW-UP INSPECTION

The information contained in this supplement is not part of this American National Standard (ANS) and has
not been processed in accordance with ANSI's requirements for an ANS. As such, this supplement may
contain material that has not been subjected to public review or a consensus process. In addition, it does

not contain requirements necessary to fulfill the objectives of the standard.

SA1

SA1.1
product conti

Scope

nues to be in compliance with the requirements in this Standard.

SA1.2 This
certification ¢

SA1.3 Rec
control of theg
tests, and ot
the certificati
organization

products with the certification organization's requirements.

SA1.4 The
agreements,
application @
associated li
organization
measures de
be applied in

SA2 Glossary

SA2.1 For

SA2.2 CEHR
who, under

requirements
products to v

SA2.3 FIEL
makes perio
and monitori

Supplement also describes the duties and responsibilities of the field represe
rganization.

bgnizing that manufacturers are required to have quality assurance systéms in
ir production processes and products, this Supplement only covers the’samplin
ner measures taken by the manufacturer and considered to be the'minimum re
on organization. Such inspections, tests, and measures are supplemented by th
as an audit of the means that the manufacturer exercises)to determine co

certification organization shall have additionalf\authority specified in le
signed by both the certification organization .and manufacturer, to control
f the certification organization's registered mark(s) for product, packaging, ad
erature. The legal agreements shall cover the control methods to be used by th
and the manufacturer's options for appe€al. Any additional inspections, te
emed necessary by the certification organization but to be taken by the manuf
order to control the use and application:of the certification organization's registe

he purposes of this Supplement, the following definitions apply.

TIFICATION ORGANIZATION — A third party organization independent of the
B legally binding(contract with the manufacturer, evaluates a product for cor

specified in the Standard, and who maintains periodic inspection of produg
erify compliance with the specifications in the Procedure and this Supplement.

D REPRESENTATIVE — An authorized representative of the certification orga
Hic unannounced visits to the manufacturer's facilities for purposes of conductin
ng the manufacturer's production program.

This Supplement describes the manufacturer's production program necessary to verify that the

htative of the

place for the
) inspections,
quirements of
e certification
nformance of

pally binding
the use and
bertising, and
e certification
sts, or other
acturer are to
red Mark(s).

manufacturer
npliance with
tion of these

nization who
g inspections

SA2.4

results of the inspection visit.

INSPECTION REPORT - The report generated by the field representative summarizing the

SA2.5 MANUFACTURER - The authorized party who maintains and operates the facilities where a
Recognized Component is produced or stored and where the product is inspected and/or tested as
described in this Supplement.

SA2.6 PROCEDURE - The document issued by the certification organization, upon determination that a
product is eligible for Recognition, for use by the manufacturer and the field representative. The document
contains requirements and other provisions and conditions regarding the Recognized product and
provides the authorization for the manufacturer to use the Recognition Marking on products fulfilling these
requirements.
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SA2.7 RECOGNIZED COMPONENT — A part or subassembly intended for use in other equipment and
that has been investigated for certain construction or performance, or both, characteristics. A Recognized
Component is incomplete in construction features or is restricted in performance capabilities so as not to
warrant its acceptability as a field-installed component. It is intended solely as a factory-installed
component of other equipment where its acceptability is determined by the certification organization.

SA2.8 RECOGNITION MARKING - A distinctive Mark of the certification organization that the
manufacturer is authorized to apply to Recognized Components as the manufacturer's declaration that
they conform to the requirements of the Standard.

SA2.9 VARIATION NOTICE (VN) — A document used to record observed differences between a product
or manufacturing process and the description of the product or process in the Procedure and/or Standard.

SA3 Respgnsibility of the Manufacturer

SA3.1 ltis
products spe

quality assurance program to comply with the Procedure description.

SA3.2 The
the Procedur

SA3.3 Durir
the Field Req
stored or test

SA3.4 The
in the Proce
Program at
responsibility

SA3.5 A material that is found to no longer be in compliance with the requirements of the

organization
the noncomp|
production ur

SA4 Respd

SA4.1 At ed
sampling of
Marking has
inspection re

the manufacturer's responsibility to restrict the use of the Recognition”Mark
Cifically authorized by the certification organization that are found by;the’ manufg

manufacturer shall confine all Recognition Marking to the location or locations

s)

.

g hours in which the manufacturer's facilities are injoperation, the manufacture
resentative free access to any portion of the premises where the product is bei
ed.

-ield Representative shall be permitted to Select a sufficient quantity of material,
jure, that is representative of current_production for the purposes of the Fo
the Certification Organization. Thezpackaging and shipment of these san
of the manufacturer.

Ehall be corrected by the manufacturer if the Recognition Mark is to be used on t
iance was the result of a-manufacturing process, the manufacturer shall checK
til it is certain that the.process has been corrected and the noncompliance will ng

nsibility of the Field Representative

ch visit tohe manufacturer's facility, the Field Representative shall review a re
broduct\production which bears the Recognition Marking, to assure that the
been.applied in accordance with this Supplement, and the Procedure de
portishall be completed after each visit.

ing to those
cturer's own

authorized in

r shall permit
g produced,

as indicated
low-Up Test
hples is the

certification
he product. If
subsequent
t occur.

presentative
Recognition
scription. An

SA4.2 Any observed differences between the product marking and the description of the marking in the
Procedure and/or Standard shall immediately be called to the attention of the manufacturer. Any observed
differences shall be confirmed in a Variation Notice.

SA4.3 Production that is found to no longer be in compliance with the requirements of the certification
organization shall be brought into compliance by the manufacturer if the Recognition Marking is to be used
on the product or packaging. If the non-compliance was the result of a manufacturing process, the
manufacturer shall check subsequent production until it is certain that the process has been corrected and
the noncompliance will not recur. The Field Representative shall verify that the product marking continues
to be in compliance with the requirements of the certification organization.

SA4.4 Production that does not comply with the provisions of these follow-up inspection instructions
shall have the Recognition Marking removed or obliterated. The manufacturer shall satisfy the Field
Representative that all Recognition markings are removed or obliterated from rejected material. Those
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Recognition markings not destroyed during the removal from the product packaging shall be turned over to
the Field Representative for destruction. If rejection of production is questioned by the manufacturer, the
manufacturer may hold the material at the point of inspection, typically at the factory, pending an appeal.

SA5 Selection of Samples for Follow-Up Testing

SA5.1 The Field Representative shall randomly select representative samples of production for the
purposes of Follow-Up Testing at the Certification Organization. The sample selection interval shall be
specified by the Certification organization, and the Field Representative shall assure that all selected
samples are properly identified through the use of sample identification tags provided by the Certification
organization. The follow-up tests performed at the Certification organization are described in the "Follow-
Up Test Program" Section of this Supplement.

SA6 Follow-Up Test Program

SAB.1 Thelfollowing tests are to be performed by the Certification organization on samplé¢s of material

received fro
necessary. U
the manufac

SA6.2 FLA
to the appro
the Standardg
The classifiq
Procedure.

SA6.3 QUA
means of 3
Spectroscop
746A. Instru
original speq
same compd

SA6.4 THH
be obtained
methods deg
Property Eva
those used

thermogram
range as tha

SA6.5 TEN
tensile stren

m the Field Representative. For permanent coatings, only Qualitative” Infrare
pon completion of Follow-Up Testing, the Certification organization>shall report
urer.

MMABILITY TEST (for materials classified other than HB).=Test samples are to
briate burning tests, indicated in the Procedure, in accordance with the methods
for Tests for Flammability of Plastic Materials for Parts in Devices and Applid
ations obtained in the Follow-Up Tests are to‘be”the same as those ind

LITATIVE INFRARED ANALYSIS — An infrared spectrum of the material is to b
n infrared spectrophotometer in accordance with the methods describeg
y, Section 43, of the Standard for Polymeric Materials — Short Term Property E
ment settings used in obtaining the spectrum shall be identical to those used in
trum of the material referencedcin the procedure. The spectrum obtained sha
sition as that recorded in the.spéctrum obtained under the original investigation.

RMOGRAVIMETRY (when'indicated in the Procedure) — A thermogram of the

d Analysis is
the results to

be subjected
described in
nces, UL 94.
cated in the

b obtained by
i in Infrared
valuation, UL
obtaining the
| indicate the

material is to

by means of a thermal analyzer with a thermogravimetric module in accord

luations, UL 746A. Instrument settings used in obtaining the thermogram shall

nce with the

cribed in Thermogfavimetry, Section 46, of the Standard for Polymeric Material§— Short Term

e identical to

in obtaining,the’ original thermogram of the material referenced in the procedure. The

recordedinthe thermogram obtained under the original investigation.

SILE_STRENGTH (for materials with a maximum thickness < 0.61 mm (0.02

obtained shall indicate the same characteristic weight loss over the programmed temperature

inch) — The

thoof the material is to be obtained in accordance with the methods described in Tensile

Properties of Thermoplastic Materials, Section 9, of the Standard for Polymeric Materials — Short Term
Property Evaluations, UL 746A. The results obtained in the Follow-Up Tests are to satisfy the
requirements specified in the Procedure.

SA6.6 AXIAL COMPRESSIVE STRENGTH (for Filament Wound Tubing materials only) — The axial
compressive strength of the material is to be obtained in accordance with the methods described in ASTM
D348. The results obtained in the Follow-Up Tests are to satisfy the requirements specified in the
Procedure.

SAB.7 ZINC CHLORIDE ANALYSIS (for Vulcanized Fibre materials only) — The zinc chloride analysis
values shall be obtained in accordance with the methods described in ASTM D619 for extraction and
atomic absorption (AA) spectroscopy, atomic emission spectroscopy (AES) or inductively coupled plasma
spectrometry (ICP) for measurement. The results obtained in the Follow-Up Tests are to satisfy the
requirements specified in the Procedure.
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ANNEX A
Typical IR Spectrums

A1 General

A1.1 The graphs shown in Figure A1.1 — Figure A1.34 represent typical infrared spectrums for various
types of UL/ANSI industrial laminates.

Figure A1.1
Typical IR spectrum for industrial laminates UL/ANSI Types X, XP, XPC
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Figure A1.2
Typical IR spectrum for industrial laminates UL/ANSI Types XX, XXP, XXX
FREQUENCY {(CM™)
20000 10000 50004000 3000 2500 2000 1800 1600 1400 1200 1100 1000 950 900 850 800 750 700 650
100 15 o
—~ [
-
4
¥ 8o /'é ~
['4
[} N {
a 7T 1 » N
y 60 7 7
b4 i L {
= 1 J =
E
s 40 Al 1 A ] 7 1 1
) ] 7T 7
< ] \ N ]
& 20 ,/ 2 A // 20
] ~
0
SB3059 1 2 3 4 5 € 1 12 13 14 15

7 8 9 10
WAVELENGTH (MICRONS)


https://ulnorm.com/api/?name=UL 746E 2022.pdf

JANUARY 27, 2022 UL 746E 119

Figure A1.3
Typical IR spectrum for industrial laminates UL/ANSI Types XXXP and XXXPC
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Figure A1.4
lypical IR spectrum for industrial laminates UL/ANSI Types C, CE, L, and LE
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Figure A1.5
Typical IR spectrum for industrial laminates UL/ANSI Types G-5 and G-9
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Figure A1.6
Typical IR spectrum for industrial laminates UL/ANSI Type G-7
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Figure A1.7
Typical IR spectrum for industrial laminates UL/ANSI Types G-10
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Figure A1.8
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
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Figure A1.9
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.10
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
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Figure A1.11
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.12
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.13
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

60

50
—4//////’\\\ R

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.

40

30

201

101

o AUTOSCALE |PRESENTATION

4000 3500

Transmittance/Wavenumber (cm-1)
File #1: NEMAOO17

55145

3000

2500

2000

1500 1000

500


https://ulnorm.com/api/?name=UL 746E 2022.pdf

128 UL 746E JANUARY 27, 2022

Figure A1.14
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
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Figure A1.15
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.16
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.17
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.18
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.19
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0
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Figure A1.20
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.21
Typical IR Spectrum for Industrial Laminates UL/ANSI Type FR-4.0

SAMPLE PREP:SAMPLE FILINGS GROUND AND MIXED
WITH KBR, PRESSED INTO A PELLET.
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Figure A1.22
Typical IR spectrum for industrial laminates UL/ANSI Types G-11 and FR-5
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Figure A1.23
Typical IR spectrum for-industrial laminates UL/ANSI Type FR-2
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Figure A1.24
Typical IR spectrum for industrial laminates UL/ANSI Type FR-3
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Figure A1.25
Typical IR spectrum for industrial laminates UL/ANSI Type G-3
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Figure A1.26
Typical IR spectrum for industrial laminates UL/ANSI Type CEM-1
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Figure A1.27
Typical IR spectrum for industrial laminates UL/ANSI Type CEM-3
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Figure A1.28
Typical IR spectrum for industrial laminates UL/ANSI Type GPO-2
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Figure A1.29
Typical IR spectrumfor industrial laminates UL/ANSI Type GPO-3
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Typical IR spectrum for industrial laminates UL/ANSI Type GPY

Figure A1.30
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Figure A1.31
Typical IR spectrum for industrial laminates UL/ANSI Type FR-1
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Figure A1.32

Typical infrared spectrum-vulcanized fibre
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Figure A1.33
Typical infrared spectrum of FW-G-10 filament wound tubing
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Figure A1.34
Typical infrared spectrum of FW-G-11 filament wound tubing
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ANNEX B
End-of-life Conditioning of Industrial Laminates

B1 General

B1.1 The graphs shown in Figure B1.1 — Figure B1.77 represent the amount of time for various industrial
laminates to achieve property end-of-life by the destructive testing method versus inverse absolute
temperature.
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Figure B1.1

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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Figure B1.2

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: XP represented: X, XPC Thickness: 1.59 mm (1/16 inch)
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Figure B1.3

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: XX Represented: XXX, XXP Thickness: 0.79 mm (1/32 inch)
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Figure B1.4

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: XX represented: XXX, XXP Thickness: 1.59 mm (1/16 inch)
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Figure B1.5

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: XXXPC represented: XXXP

Thickness: 0.79 mm (1/32 inch)
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Figure B1.6

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: XXXPC represented: XXXP Thickness: 1.59 mm (1/16 inch)
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Figure B1.7

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Thickness: 0.79 mm (1/32 inch)
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Figure B1.8

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: CE represented: C, L, LE Thickness: 1.59 mm (1/16 inch)
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Figure B1.9

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: CE represented: C, L, LE Thickness: 0.79 mm (1/32 inch)
Property: Dielectric strength Color:
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Correlation coefficient K = 0.9825
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A=1/0.69715 X 107;
B = 9697.96

Where L is in hours and T is in degrees celsius
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Figure B1.10

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: CE represented: C, L, LE

Thickness: 1.59 mm (1/16 inch)
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Correlation coefficient K = 0.9943
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A=1/0.677959 X 107;
B = 9832.96

Where L is in hours and T is in degrees celsius
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Figure B1.11

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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Correlation coefficient K = 0.9837

The arrehenius equation: L = A (2.718282)8/(T +273.16)
A=1/0.193911 X 10""; B = 14736.2

Where L is in hours and T is in degrees celsius
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Figure B1.12

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-3 Thickness: 1.59 mm (1/16 inch)
Property: Flexural strength Color:
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End-of-life critefion: 50%:retention of property level
Laboratory datg:
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Correlation coefficient K = 0.9879
The arrehenius equation: L = A (2.718282)B/T *27316)

A =1/0.144708 X 10°%;
B =12588.5

Where L is in hours and T is in degrees celsius
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Figure B1.13

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Thickness: 0.79 mm (1/32 inch)
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Correlation coefficient K = 0.9271

The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.422055 X 10"3;
B =16136.1

Where L is in hours and T is in degrees celsius
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Figure B1.14

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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Correlation coefficient K = 0.9651

The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.104686 X 10°%,
B = 11646.4

Where L is in hours and T is in degrees celsius
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Figure B1.15

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-7 Thickness: 0.79 mm (1/32 inch)
Property: Flexural strength Color:
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Correlation coefficient K = 0.9933
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.272091 X 108,
B=13431.8

Where L is in hours and T is in degrees celsius
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Figure B1.16

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-7 Thickness: 1.59 mm (1/16 inch)
Property: Flexural strength Color:
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Correlation coefficient K = 0.9941
The arrehenius equation: L = A (2.718282)B/T *27316)

A=1/27611.8;
B =10012.3

Where L is in hours and T is in degrees celsius
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Figure B1.17

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-7 Thickness: 0.79 mm (1/32) inch
Property: Dielectric strength Color:
100K ¥ ya
i. =W i Ill
N 17 M
J ) /
| | ‘A
|
Y4 /
10K / f
J i I’
¥y 4
 J 7
2 o T 17
> 4
Q / S ./
I / [ 4 / » - =
4
= K 210 p ’A
w
= 2
3 7 4
| -
& 77
z / 1'//
- 4
s /
< 100
9 (8] 7
7 7
4 1 LEGEND —
7 A
- SIN (V] IMEN NI
R = CALCULATED REGRESSION LINE
f / e = CALCULATED END-OF-LIFE DATA
4
0= 1 ARES REas MRS MRS
4333332222 2 1 1 1 1 1
08642086 42 0 8 6 4 2 0 8 6 4
0000000000 O0 OO O O O 0 0 0
INVERSE ABSOLUTE TEMPERATURE SCALE
S2991 (DEGREES CELSIUS)
End-of-life crit¢rion: 50% retention of property level
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Correlation coefficient K = 0.9586
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.186425 X 108,
B = 11553

Where L is in hours and T is in degrees celsius
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Figure B1.18

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-7 Thickness: 1.59 mm (1/16 inch)
Property: Dielectric strength Color:
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Correlation coefficient K = 0.9643
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.455205 X 10°%;
B =13189.1

Where L is in hours and T is in degrees celsius
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Figure B1.19

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-9 represented: G-5 Thickness: 0.79 (1/32 inch)
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Correlation coefficient K = 0.9882
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A=1/0.82422 X 10",
B =18208.9

Where L is in hours and T is in degrees celsius
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Figure B1.20

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-9 Represented: G-5 Thickness: 1.59 mm (1/16 inch)
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Correlation coefficient K = 0.9768
The arrehenius equation: L = A (2.718282)B/(T * 273.16)

A=1/0.70143 X 10%;
B =25948.4

Where L is in hours and T is in degrees celsius
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Figure B1.21

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-11 represented: FR-5 Thickness: 0.79 mm (1/32 inch)
Property: Flexural strength Color:
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End-of-life crit¢rion: 50% retention of property level
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Temperature (C) Hours to end-oi-lite
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Correlation coefficient K = 0.9712
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A=1/0.117396 X 108
B =11218.2

Where L is in hours and T is in degrees celsius
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Figure B1.22

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-11 represented: FR-5 Thickness: 1.59 mm (1/16 inch)
Property: Flexural strength Color:
100K — r ve
I | ’l II
A o y A V4
"'ﬁ J A1) 7
| 1L 4
Jly1 / S
J 1" 1 /1 /7
| V y A
I/
10K I [,
H -
¥ J 4
7
J
” f
b4 N
3
: /
z
K .2
& A
3 II’I
& 7 11
= l
[==
g 4R
© 100
S a==ss,
113
LAV
4 LEGEND —
4 M - CONFIDENCE BOUNDS FOR THE MEAN
/ S - SINGLE FUTURE SPECIMEN BOUND
T R = CALCULATED REGRESSION LINE
i \? - CALCULATED END-OF-LIFE DATA
10 1 AR RS R R
4333332222 2 1 1 1 1 1
08642086 42 0 8 6 4 2 0 8 6 4
oo000000OO0OO0OO0OOO O O O 0 0 0
INVERSE ABSOLUTE TEMPERATURE SCALE
$2996 (DEGREES CELSIUS)
End-of-life critefion: 50%:retention of property level
Laboratory datg:
Temperature (C) Hours to end-oi-liie
190 4900
200 2100
210 620
220 460

Correlation coefficient K = 0.9803
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/0.155348 X 10'%;
B = 19046.3

Where L is in hours and T is in degrees celsius
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Figure B1.23

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-11 Represented: FR-5 0.79 mm (1/32 inch)
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Correlation coefficient K = 0.9883
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/258.81;
B =6258.21

Where L is in hours and T is in degrees celsius
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Figure B1.24

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: G-11 represented:FR-5 Thickness: 1.59 mm (1/16 inch)
Property: Dielectric strength Color:
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Correlation coefficient K = 0.9976
The arrehenius equation: L = A (2.718282)B/T +273.16)

A=1/0.128511 X 107
B =10561.3

Where L is in hours and T is in degrees celsius
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Figure B1.25

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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Correlation coefficient K = 0.9589
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A =1/319.402;
B =5267.49

Where L is in hours and T is in degrees celsius
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Figure B1.26

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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End-of-life critefion: 50%:retention of property level
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Temperature (C) Hours to end-oi-liie

130 3800
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180 570

Correlation coefficient K = 0.9806
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A=1/12263.9;
B=7157.79

Where L is in hours and T is in degrees celsius
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Figure B1.27

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: FR-3 Thickness: 0.79 mm (1/32 inch)
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End-of-life crit¢rion: 50% retention of property level
Laboratory dafa:
Temperature (C) Hours to end-oi-lite
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150 950
160 240
180 210

Correlation coefficient K = 0.9195
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A =1/343751;
B =8126.2

Where L is in hours and T is in degrees celsius
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Figure B1.28

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature
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End-of-life critefion: 50%:retention of property level
Laboratory datg:
Temperature (C) Hours to end-oi-liie
130 3300
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180 250

Correlation coefficient K = 0.9605
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A=1/0.116652 X 108;
B = 9900.47

Where L is in hours and T is in degrees celsius
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Figure B1.29

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: FR-4.0 represented: G-10 Thickness: 0.79 mm (1/32 inch)
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End-of-life crit¢rion: 50% retention of property level
Laboratory dafa:

TeEmperature (C)

Hours to end-oi-lite

150 5600
160 1200
170 620
180 350

Correlation coefficient K = 0.9732
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A =1/0.130488 X 10"%;
B=17297.8

Where L is in hours and T is in degrees celsius
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Figure B1.30

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: FR-4.0 represented: G-10 Thickness: 1.59 mm (1/16 inch)
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End-of-life critefion: 50%:retention of property level
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Correlation coefficient K = 0.9898
The arrehenius equation: L = A (2.718282)8/(T +273.16)

A=1/0.788381 X 10'%;
B = 15204.9

Where L is in hours and T is in degrees celsius
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Figure B1.31

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material: FR-4.0 represented: G-10 Thickness: 0.79 mm (1/32 inch)
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End-of-life crit¢rion: 50% retention of property level

Laboratory dafa:

Temperature (C) Hours to end-or-lite
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Correlation coefficient K = 0.9766
The arrehenius equation: L = A (2.718282)B/(T *273.16)

A =1/0.94621 X 10%;
B=12112.6

Where L is in hours and T is in degrees celsius
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Figure B1.32

Logarithm of hours to achieve property end-of-life by the destructive testing method vs. inverse
absolute temperature

Material:FR-4.0 represented: G-10 Thickness: 1.59 mm (1/16 inch)

Property: Dielectric strength Color:
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Correlation coefficient K = 0.9998
The arrehenius equation: L = A (2.718282)B/T * 273.16)

A =1/0.5172098 X 108;
B =11155.7

Where L is in hours and T is in degrees celsius
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