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INTRODUCTION
1 Scope

1.1 These requirements apply to rigid printed wiring boards and flexible printed wiring board for use as
components in devices or appliances. Compliance with these requirements does not indicate that the
product is acceptable for use as a component of an end product without further investigation.

1.2 The flexible printed wiring boards covered by these requirements consist of conductors affixed to
insulating base film, with or without a cover-lay film, with midboard connections.

1.3 These

Tmmmmmwmmwnamﬁum_mnstruction in
which the copductors are parallel to each other and are completely covered by the base| film with only

point-to-pointjend connections.

1.4  Flexibld
and without s
Flexible Mate

material constructions and multilayer rigid flex composite interconnect constructions with
tiffener and adhesive materials shall be investigated in accordance with th¢ Standard for
rials Interconnect Constructions, UL 796F.

2 Glossary

2.1 For the purpose of this Standard the following definitions apply.

2.2 ADDITI
material(s) on

2.3 ADHES
together.

24 ASREQG
a history of cg

2.5 BASEM

E PROCESS - A selective or non-selectiveprocess used to deposit a patter
clad or unclad base material.

VE — A substance such as glue or cément used to join, bond, or fasten mate

EIVED — Samples in an ureonditioned state, prior to being subject to conditior
nditioning.

ATERIAL — An organic or inorganic material used to support a pattern of cond

The base material may be rigidor flexible.

2.6 BASE M
foil or materi
conductor ma

ATERIALTHICKNESS — The thickness of the base dielectric material exclud
bl depesited on the surface of the base material. If an adhesive is used

h of conductor

ials or objects

ing, or without

uctor material.

ng conductive
to adhere the
base material

terial to the base material, the adhesive thickness and application surfaces
bted separately.

sides) is indic

2.7 BLIND VIA - A via extending to only one surface of the board construction.
2.8 BLISTERING — Localized area of delamination. See 2.45, Delamination.

2.9 BONDING LAYER — An adhesive layer used to bond discrete layers of multilayer board
constructions. Also 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 board construction where no internal
or external conductor material resides.

2.11 BUILT-UP MULTILAYER (BUM) — Multiple layers of HDI materials.
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2.12 BURIED VIA — A via that does not extend to the surface of the board construction.

2.13 CAP LAYER - A single sided copper clad laminate bonded to the external surface of the multilayer
board with bonding layer material [prepreg (b-stage)].

2.14 CIRCUIT - Electrical devices and elements interconnected to perform a desired electrical function.
2.15 CIRCUITRY LAYER — Conductor layer or plane in or on a printed wiring board.

2.16 CLADDING — A deposited or plated metallic layer or laminated foil used for its protective and/or
electrical properties. See Conductive Foil.

217 CLADN

218 COATIN
spraying, or m

2.19 COMP(

2.20 CONDI
testing and pri

2.21 CONDUY

2.22 CONDU
that allows the

2.23 CONDU
material.

2.24 CONDU

ATERIAL — See Metal Clad Base Material.

G — A nonmetallic substance applied by some process, such as !dippin
elt-flow.

DNENT — An individual part or combination of parts intended-to'pérform a desir|

ITONING — Exposure of test samples to an environment for a period of time, p
Dr to evaluation.

CTIVE (ELECTRICAL) — The ability of a substance or material to conduct eleg

CTIVE COIN — A piece of metal on the 'surface or in the printed wiring boar
flow of thermal energy. See Heatsink.

CTIVE FOIL — A thin metal sheet intended for forming a conductor patte

CTIVE PASTE — An organic or inorganic paste substance capable of transmit

g, screening,

ed function.

rior to or after

tricity.

i construction

rn on a base

ing electricity,

used for circuif conductors, including.but not limited to carbon, copper, and silver.

2.25 CONDUCTOR - A trace-or path for electricity to transmit in a conductor pattern.

2.26 CONDUCTORADHESIVE — Adhesive material used to attach conductor materjal to a base
material.
2.27 CONDUGTFORAVERAGETFRAGCE-WADTFH—TFhe-average-width-ofalength-efconduetor trace.

2.28 CONDUCTOR BASE WIDTH — The width of a conductor at the interface of the base material as
determined by microsection analysis. This width is used to determine bond strength/peel strength values.

2.29 CONDUCTOR LAYER - A single plane of a conductor material or pattern on a base material.
2.30 CONDUCTOR MATERIAL — An organic or inorganic substance capable of transmitting electricity,
used for circuit conductors, including but not limited to copper, tin, nickel, gold, carbon paste, copper

paste, silver paste, ruthenium oxide paste, etc.

2.31 CONDUCTOR PATTERN — The path, design, or configuration of conductor material on the base
material, including but not limited to conductor traces, lands, through-holes, and vias.
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2.32 CONDUCTOR SPACING — The minimum distance between adjacent conductors.

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

2.34 CONDUCTOR TRACE — A linear conductor path of a conductor circuit.

2.35 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.

2.36  CONFORMAL COATING — A protective covering applied on a printed wiring board capable of

conforming t

the configuration of objects coated, used to increase the dielectric vol

age-withstand

capability bet

2.37 CONS;]
laminate, prg
multilayer, an

2.38 CONT/
used to provid

2.39 CONTI

240 CORE
subsequent Iz
inorganic m
substrate ma

241 COUP
testing. See S

2.42 CRITIC
to the materia

243 CURR
to the materia

2.44 DECLA

atLeriaI, with or without integral dielectric material. Core material may be

veen conductors, and/or to protect against environmental conditions.

[RUCTION — A variation in laminate materials, including but not limited to
preg, dielectric materials, or other insulation materials. Variations includ
] composite constructions.

ACT FINGER — A conductive surface usually located at an édge of a printe
e electrical connection by pressure contact.

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

MATERIAL — The innermost material of printed wiring board which may be us
yer or layers of dielectric material and conductor pattern. Core material may b

rial.

DN — A test vehicle constructed to represent a production printed wiring board
ample.

AL OPERATION - Rroduction process or fabrication step considered potentiz
Is subject to the operation.

ENT — The movement or flow of electrons in a conductor due to a voltage pote
Is subjectito-the operation.

D .~ A dielectric material from which the foil or conductive material has beg

!

pbase material,
e singlelayer,

 wiring board

d to support a

an organic or
eferred to as

to be used for

lly detrimental

htial difference

n removed by

etching or oth

ermeans.

2.45 DELAMINATION — A planar separation of materials (i.e. separation between conductor and base
material, prepreg, dielectric material, etc.).

2.46 DESICCATOR — A desiccator containing anhydrous calcium chloride, or other drying agent,

maintained at

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

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

2.48 DOUBLESIDED - A singlelayer board construction with conductor pattern on the two external sides
of the base material only. Sometimes referred to as di-clad.
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2.49 EDGE CONDUCTOR - A conductor parallel with and spaced not more than 0.40 mm (0.015 inch)
from the edge of a printed wiring board.

2.50 ELECTRODEPOSITION — The depositing of conductor material from a plating solution by the
application of electrical current.

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

2.52 ELECTROPLATING — See "Electrodeposition”, 2.50.

2.53 EMBEDQDED COMPONENT — A discrete component integrated into the board construction during
fabrication.

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

2.55 END-UBE PRODUCT - A device or appliance in which a printed wiring board is |nstalled as a
component.

2.56 ETCHANT — A chemically reactive solution used to remove¢portions or all materia| from a base
material constfuction.

2.57 ETCHHED - A laminate material in which the conductive layer has been removed by a chemical
process.

2.58 ETCHING — The action of chemical, or chemical and electrolytic, removal of conductiye or resistive
material.

2.59 EUTECQTIC — An isothermal reversible reaction in which on cooling a liquid solution is ¢gonverted into
two or more intimately mixed solids, with.the number of solids formed being the same as the number of
components ir} the system.

2.60 EUTEQTIC SOLDER —(The alloy composition at which a solder alloy melts/freez¢s completely
without going {hrough a partially Solid (pasty) phase.

2.61 EXTERNAL LAYER— The conductor pattern on the external surface of the board construction.

2.62 FABRIGATOR — The manufacturer who forms the pattern of conductive material on thT base.

2.63 FAMILY — Multiple grades of materials that have identical IR spectra and performance
characteristics and 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.

2.64 FILM — A thin coating or membrane material, usually 0.25 mm (0.010 inches) or less in thickness.

2.65 FLAMMABILITY RATED ONLY - A printed wiring board intended for use where the construction
shall be evaluated for a flammability classification only, and the thermal, mechanical, and electrical
capacity of the board is not of concern and only the flammability classification of the resulting printed
wiring board is of concern in the end-use product.

2.66 FLAT (PANEL)— Any number of boards assembled together in a sheet, usually with a frame around
the side, when shipped from the board factory.


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

SEPTEMBER 8, 2022 UL 796 11

2.67 FLEXIBLE CONSTRUCTION — A sub-category board construction intended for use where some
portion of the board construction shall be subject to flexing in the end-use product application. See
Standard for Flexible Materials Interconnect Constructions, UL 796F.

2.68 FLEXIBLE PRINTED CIRCUIT BOARD - Printed board produced from flexible base material with
or without flexible coverlay and/or electrically nonfunctional stiffeners.

2.69 FLUSH-PRESS METAL CONDUCTOR — A metal conductor, such as copper, positioned and
secured in a base material by a heat and pressure process.

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

2.71 FOIL L
board constru

AMINATION — A fabrication process for multilayer category board constructig
ction and conductor foil are bonded to the external surface during oné operatio

ns, where the
n.

2.72 GRADE - A designation arbitrarily assigned to a base material by the.base-material npanufacturer.

2.73 GROUND — A common reference point for conductor circuits.

2.74 GROU

2.75 HAND

2.76 HEATS
dissipating he

2.77 HIGH

ND PLANE — A conductor plane used as a commondreference point for condug
SOLDERING — Hand-held operator controlled soldering, usually with a solderi

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

DENSITY INTERCONNECT-MATERIALS (HDI) — Thin insulating materials u

conductor m

production of [microvias using sequential build-up and related multilayer interconnect techn

examples of

materials, phgtoimageable film-dielectric coating materials, and other thin insulating materi
to support copductor material shall be considered HDI material.

erials requiring mechanical'strength from a separate core material and are in

DI materials: resinycoated copper (RCC), liquid photoimageable (LPI) dig

tor circuits.
hg iron.

rial capable of

sed to support
tended for the
plogies. Some
lectric coating
hls when used

2.78 HYBRIP PRINTED-"WIRING BOARD — A multilayer board comprised of various combinations of
dissimilar base materials and/or bonding layers with different UL/ANSI grades and/or Non-ANSI material.
2.79 IDENT|CAL PROCESSING — Production or fabrication processes with the same manufacturing

steps required to fabricate a board.

2.80 IMMERSION SILVER — Consists of a very thin coating typically less than 0.55 microns (0.0217 mils)
of nearly pure silver created by galvanic displacement and may contain a slight amount of organic material
deposited with the silver.

2.81 INDUSTRIAL LAMINATE - Insulating material consisting of reinforcement impregnated or coated
with a resin and laminated under pressure and high temperature with or without vacuum assist. The resin
may contain filler and additives. The reinforcement may be fibrous material such as cellulose paper,
cotton, woven aramid, nonwoven aramid, woven glass, random laid glass mat or other fibers and films.
See Base Material.

2.82 INFRARED REFLOW (IR) — Melting of tin/lead or remelting of solder using infrared heat as the
primary source of energy.
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2.83 INTERNAL LAYER — A conductor pattern contained entirely within a multilayer board construction.
2.84 LAMINATE - The product of bonding two or more layers of material.

2.85 LAMINATE THICKNESS — The thickness of the dielectric material in a singlesided or doublesided
singlelayer metal-clad base material.

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

2.87 LEGEND INK — See Marking Ink.

2.88 MARKING INK — A non-conductive permanent coating, resistant to solvents and chenluicals, used to
provide a means of identification in the form of letters, numbers, symbols and_patterns to identify
component logations and orientation to aid in printed wiring board assembly.

2.89 MASS ILAMINATING — An assembly of base material layers and bonding layers lamingted together,
and which is performed by a base material manufacturer or any other squrce outside the |printed wiring
board fabricatpr's facility. Mass laminating is performed in several ways. Two examples are:

a) The manufacturer of the base material receives the inneflayers etched by the [printed wiring
board fabricator and, with a bonding layer supplied by thedprinted wiring board fabricator or from his
own stpck, laminates the boards with a solid metal sheetion the external surfaces.

b) Theg manufacturer of the base material receives‘@art work from the printed wiring bgard fabricator
or gengrates his own art work to prepare the inner layers, etches the inner layers pf his own in-
house pase material, and with a bonding layerlaminates the boards with a solid metdl sheet on the
external surfaces.

After either of the above procedures, thellaminator returns to the printed wiring board fabricator a
composite of |nternal layers and solid metal external layers for final etching of external syrfaces and/or
plating operatipns.

2.90 MAXIMUM OPERATING TEMPERATURE (MOT) — The maximum operating tempgrature is the
maximum continuous use temperature that the board may be exposed to under norinal operating
conditions.

2.91 METAL|BASELAMINATE — A metal core used as the support for a dielectric insulating material or
base material ppplied to one or both sides of the metal core surface.

2.92 METAL BASE PRINTED WIRING BOARD - A printed board having a metal core as the support for
the dielectric structure.

2.93 METAL-CLAD BASE MATERIAL — Base material with integral metal conductor material, on one or
both sides.

2.94 METAL CLAD LAMINATE — See Metal Clad Base Material.
2.95 METAL CORE BOARDS — See Metal Base Printed Wiring Boards.
2.96 METAL CORE LAMINATE — See Metal Base Laminate.

2.97 METALWEIGHT - See Conductor Weight.
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2.98 MIDBOARD CONDUCTOR — A conductor spaced more than 0.40 mm (0.015 inch) from the edge
of a printed wiring board.

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

2.100 MULTILAYER — Consists of alternate layers of conductors and base materials bonded together,
including at least one internal conductive layer.

2101 MULTISITE PROCESSOR - An outside contractor performing defined non-critical board
manufacturing steps, including, but not limited to, process steps with temperatures below 100°C or MOT.
The multisite processor shall return the boards to the original board manufacturer and may not ship boards
directly to the|end product manufacturer. See Subcontractor.

2.102 PATTERN — An arrangement of conductive material on a printed wiring board.

2.103 PEEUABLE RESIST — A temporary resist applied to a limited area of the printed wiring board to
protect certaip holes or features such as contact fingers from accepting solder, and is renfoved from the
printed wiring|board before installation in the end product.

2104 PERHORMANCE LEVEL CATEGORIES (PLC) — An integer‘defining a range of tegt values for a
given electrical or mechanical property test.

2.105 PERNANENT COATING — See Permanent Materials:

2.106 PERNANENT MATERIALS — Materials intended to be a part of the board, for fthe life of the
product.

2.107 PERNANENT RESIST — A solder,_resist or mask material intended to be a part of{the board, for
the life of the product.

2108 PLATED-THROUGH HOLE - A connection by means of a plating process that deposits a
conductive material on the side-of'a hole to connect conductor patterns on or in a two-sided or multilayer
printed wiring|board.

2.109 PLAT|NG — A chemically or electrochemically deposited metallic coating.

2.110 PLATING:UP — The addition of plating material onto existing conductor or plating mjterial.

2.111 PLUGGED-HOLE MATERIAL — A nonmetallic substance used to plug through holes, buried or
blind vias, etc., and applied by some process, such as dipping, curtain coating, film laminating, screening,
spraying, or melt-flow.

2112 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).

2.113 PRINTED BOARD - See Printed Circuit Board and Printed Wiring Board.

2.114 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.
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2.115 PRINTED CONDUCTOR — A conductor applied to a base material, or to an existing conductor on

base material,

by means of a printing process.

2.116 PRINTED WIRING — A pattern of conductive material formed on the surface of a base material
primarily for point-to-point electrical connections or shielding.

2117 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.

2.118 PRINTING — Reproducing a pattern on a surface by any process.

2.119 PROD

UCTION BOARD — A complete fabricated board, intended for shipment

2.120 PROD
products.

2.121 REINH
enhancing the|

2.122 RELA]
of critical prop

UCTION PROCESS - Fabrication process used to produce boards intende
ORCEMENT MATERIAL — Any material (i.e. fibrous, continuous, sheet, et
base material mechanical or physical performance.

[IVE THERMAL INDEX (RTI) — Maximum service temperature for a material,
erties will not be unacceptably compromised through) chemical thermal deg

the reasonabl¢ life of an electrical product, relative to a referencedmaterial having a confirmg

corresponding

2.123 RESIN
(one pass) or
stage resin. D
foil and B-stag

2.124 RESIS
a pattern from
after processi

2.125 RIGID
thermosetting
product.

2126 RIGID

performance-defined RTI.

COATED COPPER FOIL (RCF) — Metal foil coated with unreinforced resin U
louble- (two pass) coated system. Single-coated foils are usually coated with ¢
buble-coated foils are usually coatedwith two layers of resin; C-stage resin a
e resin on the surface of the C-stage resin.

the effects of an etchant, jsolder, or plating and which remains on the printeg
g.

INDUSTRIAL CAMINATE — Fibrous reinforcement material impregnated or
resin binderjsand consolidated under high temperature and pressure into

PRINTED WIRING BOARD — A printed wiring board produced using rigid h

materials.

d for end-use

C.) capable of

where a class
adation, over
d, acceptable

sing a single-
ne layer of B-
djacent to the

T COATING — A material.supplied in liquid or film form to mask or protect selg¢cted areas of

wiring board

coated with a
b dense solid

ase dielectric

2.127 SAMPLE - A test vehicle made from a complete or portion of production board, or a coupon
formed using all steps of the board production process and incorporating specific construction features.

2.128 SILVER MIGRATION — The ionic movement of silver due to migration inducing affects.

2.129 SINGLELAYER - Singlelayer board constructions are doublesided constructions with one layer of
dielectric materials(s) separating the conductor planes, and singlesided constructions with a single
conductor plane on one side of a dielectric materials(s).

2.130 SINGLESIDED — A board with conductor pattern on one side of the dielectric material(s).

2131

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

2.133 SOLDER RESIST — A coating material used to mask or to protect selected areas of the printed
wiring board from solder deposition or plating.

2.134 SOLDERING - ASSEMBLY SOLDERING PROCESS - The process used for soldering
components to a printed wiring board during the assembly process. The soldering process may include
but is not limited to reflow, wave, selective soldering or other equivalent soldering techniques.

2135 SOLDERING - SELECTIVE SOLDERING - An automated process used for soldering
components to a printed wiring board during the assembly process. The process targets only selected
components on a printed wiring board. The complete printed wiring board may not be subject to the same

thermal profil
but excludes

of Selective S
Robotic Solds

2.136 SUB(Q

p during these soldering processes. Selective Soldering encompasses diffe
Surface Mount Technology (SMT) reflow soldering and traditional wave solde
oldering are — Laser Soldering, Miniature Wave Select Solder Fountains;“and
ring.

ONTRACTOR - An outside contractor performing definedcritical board

steps, including, but not limited to, process steps with temperatures equal te or above 100°

MOT, whiche
and may not

2.137 SUBS
2.138 SURH

2139 SURA
pattern.

2.140 SURHA
to an intercon

2.141 SURH
patterned con

2.142 TEMH
process invol

er is greater. The subcontractor shall return the boards €0 the original board
hip boards directly to the end product manufacturer. Se€ Multisite Processor.

TRATE — See Core Material.
ACE FINISH — See Surface Plating/Coating.

ACE MOUNTING - Electrical connéction of components on the surface of

rint techniques
ing. Examples

Point-to-Point

Imanufacturing
C or above the
manufacturer

the conductor

ACE MOUNT COMPONENT;- A leaded or leadless component capable of being attached

hect construction by surface mounting.

ACE PLATING/COATING — The surface plating/coating shall be on the f{
ductors and shall'not create an interface with the dielectric surface.

ERATURE-PROFILE — The temperatures a select point traverses as it pas
ing multiple temperatures and dwell times.

2.143 TEMH

op surface of

ses through a

OQRARY RESIST — A solder resist or mask material intended to be removed fi

pom the printed

wiring board before installation into the end-product.

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

2145 TYPE - A unique model or product designation arbitrarily assigned to a board by the fabricator.
See Markings, Section 36.

2.146 UL/ANSI TYPE MATERIAL — A specific type designation for materials defined in the Standard for
Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials
Used in Printed Wiring Boards, UL 746E, as having certain base material, resin, thermal index and profiles
of minimum performance.

2.147 UNCLAD - A dielectric or laminate material without foil or conductive material (never copper clad).
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2.148 VIA — A conductor plated through-hole, in which there is no intent to insert a component lead or
other reinforcement material, for interlayer connection of conductor planes. See also "Blind Via" and
"Buried Via".

2.149 VOID - A defect that leaves an area on an element of a printed wiring board without a metallic or
nonmetallic coating.

2150 X-AXIS — A reference axis, usually horizontal or left-to-right direction in a two dimension
coordinate system.

2151 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 sygtem.

2.152 Z-AXI
usually refers

b — The axis perpendicular to the plane created by the x and y reference gxis. This axis

o the thickness of a board construction.
3 Units of Measurement

3.1 Values s
approximate i

fated without parentheses are the requirement. Values in’parentheses are ¢
formation.

xplanatory or

4 Measurement Accuracy and Testing Conditions

4.1 A measu
specified para

ring device used to perform the tests inthis standard shall be capable of r
meter with an accuracy within 10 percent of the measured parameter.

neasuring the

4.2 Prior to
Practice for ¢
Atmospheres
and 50 £10 pe

4.3 During th
(77°F £18°F
method.

all tests, subject all samples te~a stabilization period in accordance with
onditioning Plastics for Testingy ASTM D618, and the Standard for Plastig
or Conditioning and Testing, ISO 291, for a minimum of 40 hours at 23 +2°C
rcent RH, unless specifiedotherwise in the individual test method.

e test, the standard atmospheric conditions surrounding the sample shall bg
and 50 +10 percent relative humidity, unless otherwise specified in the

5 Supplementary Test Procedures

5.1

the Standard
s — Standard
(73.4 £3.6°F)

b 25°C +10°C
ndividual test

These rg¢quirements are intended to be used in conjunction with the following requirements or

standards:

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

b) The Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances,
UL 94, contains methods for evaluating the flammability of polymeric materials that are intended to
be used in electrical equipment.
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c) The Standard for Flexible Materials Interconnect Constructions, UL 796F, covers the minimum
performance requirements for flexible printed wiring boards.

| 6 Referenced Publications

6.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

6.2 The following publications are referenced in this standard:

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

ASTM|D 374, Standard Test Method for Thickness of Solid Electrical Insulation
ASTM|D 618, Standard Practice for Conditioning Plastics for Testing

ASTM| D 1000, Standard Test Method for Pressure-Sensitive Adhesive-Coated Tapes Used for
Electrifal and Electronic Applications

ASTM|D 5423, Standard Specification for Forced-Convection l(aboratory Ovens for Evaluation of
Electripal Insulation

ASTMIE 3, Standard Practice for Preparation of Metallographic Specimens
IPC TM-650 2.1.1, Microsectioning, Manual and Semi or Automatic Method

IPC TM-650 2.6.27, Thermal Stress, Convection Reflow Assembly Simulation

ISO 291, Plastics — Standard Atmospheres for Conditioning and Testing
7 General

7.1 The investigation of a printed. wiring board shall include evaluation of the strugtural integrity,
conductor properties (such as-type of conductor, minimum midboard and edge width, |minimum and
maximum weight/thickness,~ maximum ground plane area, and solder limits) and flammability
characteristic$ as affected by.the manufacturing process.

7.2 Except a@s indicated in 7.3, the factors evaluated when testing the base material in|its application
shall include mechanical strength, moisture absorption, combustibility, resistance to ignition|from electrical
sources, dielectric“strength, insulation resistance, resistance to arc-tracking, and resistange to creeping
and distortion—attemperaturestowhith the Tmateriatis—subjectedimthe—endproduct—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 (RTI) shall be assigned to the base material.

7.3 When a printed wiring board is intended for connection only in low-energy circuits, in which the risk of
electric shock or injury to persons is not involved, compliance of the printed wiring board shall, as a
minimum, be determined by flammability testing (see Section 27, Flammability).

7.4 A printed wiring board requiring a maximum operating temperature (MOT) rating shall be
investigated for thermal stress (Section 26), bond strength (Section 28), delamination and blistering
(Section 29), conductive paste adhesion (Section 33) and dissimilar material thermal cycling (Section 31) if
applicable based on the PWB construction, materials and end-use product application.
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7.5 A printed wiring board requiring a flammability rating shall be investigated for thermal stress (Section
26) and flammability testing (Section 27) if applicable based on the PWB construction, materials, and end-
use product application.

7.6 The investigation of a printed wiring board shall use special representative samples as described in
this standard or production board samples. When a production sample is tested in lieu of the
representative sample, the printed wiring board type shall be limited by the production construction tested.
CONSTRUCTION

8 General

8.1 Samples| shall be constructed compliant with Sections 9 — 22 based on the finiShed production
construction. [Samples shall be manufactured using the production processes or. & fepresentative
production prgcess.

9 Base Matgrials
9.1 General

9.1.1 Printed wiring board test samples shall be provided for.€ach different manufactudrer and each
different mandfacturer's grade of base material or material family (see 9.1.4 and Table 9{1), except as
described in 1B.2 [Singlelayer Metal-clad (MCIL/CCIL) base material program] or 17.8.1 (M(ltilayer Metal-
clad laminate and prepreg materials program).

UL/ANSI Base Material Sa;?)?ée;ﬁgld Up Thickness Tolerance
Minimum thickness Nominal thigkness

UL/ANSI Type mm (Inch) mm (Inch)

X, XP, XPC, XX,IXXP, XXX, XXXP, 0.71 (0.028) 0.8 (0.031)

XXXPC 1.45 (0.057) 1.6 (0.062)

C,CE 0.63 (0.025) 0.8 (0.031)

1.40 (0.055) 1.6 (0.062)

L, LE 0.63 (0.025) 0.8 (0.031)

1.45 (0.057) 1.6 (0.062)

G-3, G-5, G-7, 3-9, G-11 0.63 (0.025) 0.8 (0.031)

1.40 (0.055) 1.6 (0.062)

FR-1, FR-2, FR-3 0.71 (0.028) 0.8 (0.031)

1.45 (0.057) 1.6 (0.062)

FR-5, CEM-1, CEM-3.0, CEM-3.1, GPO-2, 0.63 (0.025) 0.8 (0.031)
GPO-3

1.40 (0.055) 1.6 (0.062)

G-10, FR-4.0, FR-4.1, GPY 0.38 (0.015) 0.43 (0.017)

0.63 (0.025) 0.8 (0.031)

1.40 (0.055) 1.6 (0.062)

NOTE — Samples submitted with a thickness between the minimum thickness and the nominal thickness are to receive a rating
corresponding to the minimum thickness.
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9.1.2 When a difference in the base material catalog number or grade reflects a minor change, such as a
change of color not affecting the base characteristics or a different manufacturing location for the same
supplier, a separate board assembly is not needed.

9.1.3 The base material shall have acceptable mechanical and electrical relative thermal indices (RTls)
and acceptable performance properties including flammability classification at the thickness range and at
the intended maximum operating temperature (MOT) of the completed printed wiring board. The base
material mechanical and electrical RTls and performance properties shall be determined in accordance
with the Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized
Fibre, and Materials Used in Printed Wiring Boards, UL 746E

Exception No. 1: If the PWB is evaluated for flammability classification only without consideration of an

MOT rating,
performance

Exception No
electrical RTI

9.1.4 A UL/

the base material need not possess mechanical and electrical RTls or
broperties.

. 2: Ceramic base materials without any polymer content do not require m
b when evaluated for use in a PWB with an MOT rating.

ANSI sample representing the board minimum thickness ‘shall be provide

material mini

prepreg shedts built up to a thickness representing the board minimum build up thick
provided in the UL/ANSI base material build up thickness tolefances indicated in Table
guidelines regarding multilayer sample construction are in Segtion 17, Multilayer Printed

and Section
thickness and

Exception: W
type of base 1
the nominal 1
base materia

9.1.5 A non
thickness not

um thickness as indicated in Table 9.1. A UL/ANSI mdltilayer sample with

P3, Test Samples. UL/ANSI samples submitted with a thickness between
the nominal thickness are to receive a rating’corresponding to the minimum th

hen two boards, nominally 0.79 and 157 mm (0.031 and 0.062 inch) thick, em
haterial and both are rated at the salme maximum temperature rating, a bond-s
.57 mm (0.062 inch) thick base material is representative of the 0.79 mm (0.

FUL/ANSI board or a.UE/ANSI sample representing the board minimum f{
represented in Table\9.1 shall be provided in the base material thickness toler

direct support

echanical and

d in the base
laminate and
ness shall be
D.1. Additional
\Viring Boards,
the minimum
ickness.

ploy the same
trength test on
D31 inch) thick

hickness in a
ances given in

Table 9.2, if npt previously investigated per 9.1.4.
Table 9.2
Base Material Sample (Build Up and Sheet) Thickness Tolerance
BPse material nominal thickness, Thickness tolerance,
mm (in) mm (in)

Less than 0.020 (Less than 0.0008) +0.003 (20.0001)
20.020 — <0.074 (20.0008 — <0.003) +0.010 (20.0004)
20.074 — <0.099 (20.003 — <0.004) £0.013 (+0.0005)
20.099 — <0.19 (20.004 — <0.007) +0.02 (x0.0008)
20.19-<0.37 (20.007 - <0.015) +0.03 (20.0012)
20.37 - <0.49 (20.015 -<0.019) +0.04 (20.0016)
20.49 - <0.62 (20.019 — <0.024) +0.05 (20.0019)
20.62 - <1.59 (20.024 — <0.062) +0.08 (20.0031)
21.59 - <2.54 (20.062 — <0.100) +0.10 (x0.004)
Greater than 2.55 (Greater than 0.100) +0.13 (+0.005)
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9.1.6 The board 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 or
tolerance specified in Table 9.1 for UL/ANSI minimum base materials and Table 9.2 for Non-ANSI and
other UL/ANSI base material thicknesses not represented in Table 9.1.

9.1.7 The base material, in an as-received condition, shall be free of defects that affect test results, such
as unevenness in the base material, non-uniformity in any fabric weave or exposure of fibers or threads if

applicable, and shall be evenly coated, without pinholes, blisters, and voids.

9.2 Metal-clad base material

9.21

The base material (s) and conductor (s) of the printed wiring board shall comply with the Bond

Strength, Sec
accordance w

922 TheM
for the MOT rdg

9.2.3 The pn
desired flamm

9.24 When
tests shall be
fabricator's so
Plating Adhes

Exception: Th
without tests i.
the metal-clad|
all other boarq

9.3 Direct slipport

9.3.1 A print
15 A or less

investigated gt the PWB minimum build-up thickness. A PWB intended for direct supp

carrying parts
product applic

ion 28, and Delamination and Blistering, Section 29, after Thermal Stress;
th the desired ratings.

DT rating shall not exceed the assigned RTI rating of the base material. Sug
ting include 90, 105, 130, and 150°C (194, 221, 266, and 302°F):

nted wiring board shall comply with the Flammability test,~Section 27, acq
Ability classification.

he solder limits of the printed wiring board exceéd those of the metal-clad |
conducted in accordance with Section 26, Thermal Stress (using the printed
der limits), Section 28, Bond Strength, Section~29, Delamination and Blisterin
on, and Section 27, Flammability.

b addition of alternate base materialS;ywith solder limits less than the printed
b acceptable when the printed wiring board fabricator substitutes a new type a
base material which is assigned:the same solder limits as the metal-clad basé
parameters remain unchanged.

bd wiring boardrintended for direct support of current carrying parts at 120 V
shall complywwith the performance test requirements in Table 9.3. The san

shall have an acceptable maximum operating temperature (MOT) rating fo
ption:

Exception: Th

Bection 26, in

jested values

ording to the

ase material,
wiring board
g, Section 32,

wiring board,
esignation for
b material and

ns or less and
ples shall be
ort of current
" the end use

2P . PP .

) the build-up

construction, used as a dielectric barrier and/or substrate for conductors, has previously been evaluated
for each performance test in Table 9.3 and complies with the requirements.

Table 9.3
Direct Support Requirements (DSR) of PWB Materials

V-0, V-1, V-2, HB, VTM-0' Minimum thic

kness

Test® Units or PLC VTM-1f, VTM-2f mm (inches)?
High current arc ignition Max PLC 3 Actual®
Hot wire ignition Max PLC 4 Actual®

Table 9.3 Continued on Next Page
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Table 9.3 Continued

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

Test® Units or PLC VTM-1f, VTM-2° mm (inches)
Volume resistivity — dry Min ohm-cm x 108 50 1.6 (0.062)°
Volume resistivity — wet Min ohm-cm x 10° 10 1.6 (0.062)°
Dielectric strength — dry kV per mm 6.89 1.6 (0.062)°
Dielectric strength — wet kV per mm 6.89 1.6 (0.062)°
Comparative tracking Max PLC 4 3.0 (0.13)°
index
Heat deflection Degrees C b 3.0 (0.13)°
@ Actual thicknefs or minimum thickness of material being evaluated.
® Not required f¢r thermosets and films; for thermoplastics, at least 10°C (18°F) above rated operating températuré with 90°C
(194°F) minimum value.
¢ Testing is to b¢ as described in the Standard for Polymeric Materials — Short Term Property Evaluations, UL 746A.
9 Test sample tHickness on which the index value is to be based.
¢ Test sample rdpresentative of all thicknesses.
fVTM-0, VTM-1|, and VTM-2, ratings apply only to de-clad films.

10 Conducf
10.1
10.1.1 Print
copper, copp
properties.

10.2 Silver
10.2.1

plating, or si
accordance w

Exception NQq.

migration inve

Exception Ng

ors

Materials

bd-wiring conductors shall be of etched, ‘die-stamped, pre-cut, flush-press, o
er alloy, aluminum, silver, or other conductive material having similar corrg

A printed wiring board employing conductors consisting of silver, electroless or elec

ver paste shall belinvestigated for silver migration on each generic ba
ith Section 35, Silver Migration Test.

1. Boards\intended for use in Flammability-only applications do not re
stigation-\klammability Only boards require a unique Type designation.

.. 2:\/Boards employing conductors coated with Immersion Silver do not r

r additive-type
sion resistant

roplated silver

5e material in

quire a silver

bquire a silver

migration inve

stiqation
7

Exception No. 3: Boards employing silver material encased in copper (such as a plated through hole
containing silver material and capped by copper plating) do not require a silver migration investigation.

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

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

investigation.

10.2.2 A printed wiring board employing conductors consisting of silver, electroplated silver, or silver
paste covered with a permanent coating, such as solder resist, shall be investigated for silver migration
with each permanent coating in accordance with Section 35, Silver Migration Test.
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Exception: Boards employing silver material not covered with a permanent coating may represent boards
coated with a permanent coating for the purpose of silver migration testing.

10.3 Conductive coating

10.3.1 Samples shall contain a representative conductive coating that is used on the finished board. If
solder is used, the solder shall be smooth with uniform coverage over the conductor surface.

10.3.2 Paste-type conductive coatings and/or conductors, such as carbon, copper, silver or other
conductive coatings, shall be investigated for adhesion to the printed wiring board in accordance with
Section 33, Conductive Paste Adhesion Test. Based on the printed wiring board production construction,
paste type conductor adhesion shall be evaluated on each generic base laminate in combination with each
printed wiring poard surface, such as base laminate, metal and paste-type conductors, undercoats (solder
resist), in throygh holes, and the like.

10.4 Edges and width

10.4.1 The width dimension as measured at the interface surface shall constitute the mini
conductor width.

mum required

10.5 Pattern surfaces

10.5.1 A sur
imperfections

ace shall be smooth, even, and free of wrinkles; holes, voids, blisters, corrgsion, or other

hat impair the function of the board.
10.6 External copper foil or cladding process weight

10.6.1 Repre
weight and ea

sentative samples shall be investigated for each cladding material, minimum @nd maximum
ch cladding process for the base*material.

10.6.2 A rete
reduced beyo
Section 29, D¢

10.6.3 Forw
the minimum

copper foil or ¢
possible to a |

st is required when the'weight of the copper foil or cladding process is to be
nd the existing limits, Testing shall be in accordance with Section 28, Bond
lamination and Blistering.

eights of external copper foil and/or cladding process up to and including 102
weight tolbe used in production is representative of this range. For weigh

btal. thickness of 33 pym (1 oz/ft?) for test purposes, and is then representative

increased or
Strength and

um (3 oz/ft?),
ts of external

ladding.process less than 33 um (1 oz/ft?), the conductor shall be copper plat¢d as close as

of weights up

to and including-102 um (3 oz/ft?).

10.6.4 For weights of external copper foil and/or cladding process heavier than 102 mic (3 oz/ft?),
investigation of the maximum weight to be used in production is representative of the copper weight range
down to 102 mic (3 oz/ft?). If the minimum external copper foil and/or cladding is thicker than 102 mic (3
0z/ft?), the minimum and maximum external copper weight shall be investigated.

10.7 Midboard conductor

10.7.1 A pattern shall employ a midboard conductor of the minimum width to be used in production (see
Figure 10.1). A midboard conductor is not prohibited from terminating with its smallest dimension on the
edge of a board. The pattern shall also employ a 1.6 mm (0.062 inch) conductor width with an absolute
minimum width of not less than 1.47 mm. Secondary conductor widths can be included in the sample
pattern in the event the minimum conductor width receives non-compliant results.
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Figure 10.1

Typical Test Pattern Coupon for Bond Strength, Delamination, Plating
and Conductive Paste Adhesion Testing

50mm (2 inches)

A — Minimum wid|

B — 1.6 mm cond
item Kand 10.7.

B4 — (Not Shown

conductor width B. See item K and 10.7.

C-10mm (0.37

D — 13 mm (0.5 inch) diameter unpierced circular conduetor. See item L.

E — Maximum dig
E; — (Not Shown

F — Edge condug
sheared at the eq

F; — (Not Shown

G — Plated-through holes. At Jeast4 plated-through holes shall be present on the sample. See item L and 10.11.

G; — (Not Showr

present on the sgmple.<See item L and 10.11.

H — Plated conta

(ARRRAOVIMATLY
\La L Ty

o wW>>r>w>

13mm
(0.5 inch)

100mm (4 inches)
(APPROXIMATE)

su0249

h conductor of configuration specified by the fabricator. Seg-item K and 10.7.

uctor with an absolute minimum width not less than®:47 mm wide of configuration specified by 1
one or more potential conductor widths may be included between the minimum conductor width

b inch) diameter unpierced circular conductor. See item L.

meter unpierced circular conductorspecified by fabricator. See item K, 10.9, 10.14 and Figure 10.

he fabricator. See

A and the 1.6 mm

N

Conductive coin specified by fabricator in the maximum size. See 10.15.

tor of a minimum width Specified by the fabricator. Shall be within 0.40 mm (0.015 inch) of the bg
ge. Seeitem K, item L, and 10.8.

Surface plating shalibe applied on the conductor pattern if desired. See 10.12 for more informatid

) Plated (via) holes (blind, buried and microvia, filled and unfilled). At least 4 vias of representat

ts, ef'minimum width. See 10.10.

ard edge, and not

3

ve types shall be

| — Three contact

S, Of Tmaximurm width—SeeitermKand—10-10:

J — (Not Shown) Embedded components shall be present on the sample. The embedded component location in the sample is
determined based on the production board design and shall not contact other circuit pattern features. See item L and 15.3.

K — (Not Shown) Test pattern features shall be included on both the external and internal layers for multilayer samples. See 17.5.4

and 17.5.5.

L — (Not Shown) Feature optional but must be on samples if acceptance of this type of construction is desired.

M — Test Pattern Artwork is available from the IPC — Association Connecting Electronics Industries, 3000 Lakeside Drive,
Bannockburn, IL 60015, Phone: 847-615-7100, Fax: 847-615-7105, order number IPC A22.
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10.8 Edge conductor

10.8.1 A pattern shall employ a representative edge conductor of the minimum width to be used in
production (see Figure 10.1). The edge conductor shall be within 0.40 mm (0.015 inch) of the board edge,
and not sheared at the edge.

10.8.2 When an edge conductor width of less than three times the minimum width of a midboard
conductor is intended in production (see 10.7), an edge conductor of the minimum width shall be provided
(see item F of Figure 10.1) on the test sample. When an edge conductor is not provided with a width of
less than three times the minimum width of a midboard conductor, then the board shall be assigned an
edge conductor width at three times the minimum midboard conductor width.

10.9 Maxim{im unpierced conductor area (Maximum area diameter)

10.9.1 A patjern shall employ a representative conductor of the maximum area diameter[to be used in
production (sege Figure 10.2).

10.9.2 The maximum unpierced conductor area of any pattern on a printed\wiring board is determined by
the largest cirgle that can be inscribed within the pattern (see Figure 10.2), not to exceed E ip Figure 10.1.
When it is intgnded that samples be tested with a circle of larger diameter than that which|fits within the
overall samplg size dimensions shown in Figure 10.1, additional;samples with a pattern ¢ontaining the
largest circle gre to be tested. See Figure 10.3.

Figure 10.2

Maximum Unpierced Conductor Area Measurement

SB1035

A — Production printed wiring board.
B — Largest unpierced conductor section.
E — Largest circle that fits B (the area is not to exceed that of circle E in Figure 10.1).
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Figure 10.3

Delamination Test Pattern

A — Plated — thro

A; — (Not Showr]
present on the sg

B — Maximum dig

C — Distance fro|
and/or plated via

D — (Not Shown
and 17.5.5.

E — (Not Shown)

10.10 Contact surface plating

10.10.1 Wh
contacts inclu
item | of Fig|
Adhesion, to
does not fit in
the maximum

Exception: P
conductor.

10.10.2 Plat
adhere well t
edges.

A AAW (—7 A
3 5
¢ vl
A—] Loa

su0017

igh holes. At least 4 plated-through holes shall be present on the sample. See item E@nd 10.11.

) Plated via holes (blind, buried and microvia, filled and unfilled). At least 4 vias of representat
mple. See item E and 10.11.

meter unpierced circular conductor specified by fabricator. See item D, 10.9, 10.14 and Figure 10.

ve types shall be

P.

M edge of circular conductor (B) to edge of sample shall be sufficienttovaccommodate plated
holes (A1).

Test pattern features shall be included on both the external and‘internal layers for multilayer sa

FFeature optional but must be on samples if acceptance ofithis.type of construction is desired.

bn plated contacts are intended to“be used on production boards, at leas
ding the minimum and maximum width shall be provided on the test sample (s
bre 10.1). Plated contacts shall be investigated in accordance with Secti
determine plating adhesion'to the conductor surface. If the maximum width

width plated contacts are to be tested. See Figure 10.3 as an example.

ated contacts (are required only if the plating is different from the midbo

ing of a‘eontact surface shall be uniform, smooth, and without nodules. Conta
p the conductor surface and, to provide a full contact area, it shall extend to

through holes (A)

mples. See 17.5.4

t three plated
ee item H and
bn 32, Plating
plated contact

the sample dimensions\shown in Figure 10.1, additional samples with a patfern containing

ard and edge

ct plating shall
the conductor

10.11

10.11.1

Plated-through holes and via holes

When plated-through holes are intended to be used on production boards, at least four plated-

through holes shall be provided on the test sample (see item G of Figure 10.1 and item A of Figure 10.3).
The plated-through hole sample location is optional and shall not contact other circuit pattern features.
Plated through holes shall be investigated in accordance with Interlayer connections, 17.7; Delamination
and Blistering, Section 29; and Plating Adhesion, Section 32.

10.11.2 When plated vias (blind, buried and microvia, filled and unfilled) are intended to be used on
mulitlayer production boards, at least four vias shall be provided on the test sample (see item G, of Figure
10.1). The vias sample location is optional and shall not contact other circuit pattern features. Vias shall be
investigated in accordance with Delamination and Blistering, Section 29. Vias filled with plugged hole
material shall be investigated in accordance with Plugged-Hole Materials, Section 14. If the filled and/or
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unfilled vias do not fit in the sample dimensions shown in Figure 10.1, additional samples with a pattern

containing the plated vias are to be tested. See Figure 10.3 as an example.
10.12 Additional conductive plating

10.12.1

When one or more additional platings are intended to be used on production boards that

normally do not include plating, and when no additional etchant is used in the plating process, one plating

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

Exception: If silver is used as a conductive plating (excluding Immersion Silver), see 10.2.1
requirements.

for additional

10.13 Assembly soldering process — solder limits

10.13.1 Assembly soldering process (solder limits) are profile (s), temperature (s)
representing the anticipated printed wiring board production assembly process(es)! The a
the assembly |soldering process is determined by investigation of the PWB physical prope
the thermal stress test. The assembly soldering process is not prescriptiverand does not
exact assembly soldering process.

Exception: Hahd soldering processes do not require thermal stress_conditioning before inves
PWEB propettigs.

10.13.2 The poard maximum surface temperature during.the assembly soldering process d
thermal stress|test peak temperature.

10.13.3 PWHBs for use with reflow assembly ptocesses shall be thermally stressed usin
260° C profile jwith thermal stress conditions of.260°C peak temperature and six (6) cycleg
multiple soldefing processes and potential rework. If a low temperature profile is being useq
the PWB fabrigator can specify the 245°C _0r,230°C profile for testing. If a lower number of cy
used in assenbly, the PWB fabricator canspecify three (3) cycles instead of six (6) cycles.

10.13.4 If sp
purchase ord
(T2), dwell tim

cial/unique thermal: stress reflow conditions are defined by PWB fabricator
r, the following parameters are needed: ramp rate (R1), cooling rate (C1), pea
(t2) and thesnumber of cycles (X).

10.13.5 PWHBs for use with wave soldering and/or selective soldering assembly proce

time, and max¥imum cycles. Unless specified otherwise by the PWB fabricator, the defaulf]

and time (s)
cceptability of
rties following
represent the

tigation of the

etermines the

g the default
5 to represent

in assembly,
Cles are being

or OEM/ODM
K temperature

5ses shall be

standardized

wave

conditions de
soldering processes.

DeU O elIOW d D1V

d/or selective

10.13.6 Assembly soldering process parameters are used for thermal stress conditioning samples in the

following tests listed in Table 10.1.

10.13.7 A retest is required if the PWB assembly soldering process parameters are to
above the existing assembly profile temperature, time and/or cycle parameters.

be increased
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Table 10.1
Assembly Soldering Process Test Methods

Test Section
Flammability 27
Bond strength 28
Delamination 29
Conductive paste adhesion 33
HDI thermal cycling bond strength 34

10.14 Pattern

10.14 1
fabricator. Se

10.14.2 A rg
shall be in adg
need contain
performed aft

10.14.3 Ref
maximum un(

10.15 Conductive coin

10.15.1 Wh
contain a con
board with co
29, and Dissir

10.15.2 If th
sample dimer
tested. See F|

10.15.3 If aq
Adhesives for

A conductor pattern shall include sizes, platings, and contacts in a configuration s

e Figure 10.1 for a typical test pattern.

test is necessary when a reduction in the minimum width of conductor is ds
cordance with Section 26, Thermal Stress, and Section 28;.Bond Strength
only the new reduced-width conductors because only: bond strength te
er total conditioning.

brring to Figure 10.1, the solid, unpierced circle/ of conductive material T
ierced conductor area capable of being used in any printed-wiring pattern.

bn a conductive coin is intended tob€ used in the production board, the tes
ductive coin of the maximum size. (See item E; of Figure 10.1). Samples or
hductive coins shall be investigated in accordance with Delamination and Blis
hilar Dielectric Material Delamination Test, Section 31.

e overall size of the,conductive coin with regard to length and/or width doe
sions shown in Eigure 10.1, additional samples containing the maximum size
qure 10.3 as apexample.

hesive istused with the conductive coin, the adhesive shall be evaluated in aq
Conductor Bonding, Section 11.

11 Adhesiv

ps.for Conductor Bonding

becified by the

psired. Testing
and samples
sting shall be

epresents the

t sample shall

the production
tering, Section

5 not fit in the
coin are to be

cordance with

1.1

11.2

An adhesive used to bond the conductive material to the base material shall not be water soluble.

If the adhesive used to bond the conductive material has not been previously evaluated as an

integral part of a (conductor-clad) base material in accordance with the applicable testing requirements in
the Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre,
and Materials Used in Printed Wiring Boards, UL 746E, the adhesive shall be subject to Infrared Analyses,
Bond Strength, Section 28, Delamination and Blistering, Section 29, and Flammability, Section 27. The
adhesive shall also be evaluated with the following tests for Direct Support requirements: Comparative
Tracking Index (CTI), High Current Arc Ignition (HAI), and Hot Wire Ignition (HWI). Testing is to be
performed in accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL
T46A .
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11.3 Adhesive material used to bond the conductive material to the base material shall be identified with

regard to:

a) The generic type of material; and

b) The specific manufacturer and grade designation.

12 Processes

12.1 Genera

12.11

Each sample shall be manufactured using each step of the most severe process with regard to

temperature a

12.1.2 Thep
(see Section 2
shall not be gr

12.1.3 Chror

alkaline etchant shall be representative of all etchants except chromic/sulfuric.

12.1.4 A flus
conductor thic

12.1.5 When
as silk screeni
material to andg

12.1.6 A ret
conducted ag

Delamination @and Blistering, and Section'27, Flammability, unless otherwise indicated:

a) A ch
100°C
whiche

b) A ch
condud
fabrica

Nd lime auration or any given step.

4 and 32.1) and with dimensions not less than represented by the tést board
pater than the conductor thickness, per side.

hic/sulfuric etchant shall be considered representative of all.etchants. Any @

h-press metal conductor shall be recessed in thé base not less than 80 f
ness.

temperature differences are not involved,aéhange or variation of imprinting
hg to a photographic method, one silk-screening method to another, or one p
ther) shall not always necessitate that'a board be tested.

pst is required for any one or<more of the following or similar changes. T
indicated in Section 26, TFhermal Stress, Section 28, Bond Strength,

ange in any process'when the temperature on the surface of the board is equ
(212°F) or aboyve,"the maximum operating temperature of the printed
ver is greater.

ted as_described in Section 26, Thermal Stress, and Section 28, Bond Stren
or changes from any acidic to alkaline etchant (or vice versa) except ch

rocess of forming the conductor shall result in smooth edges without excessivé undercutting

Undercutting

ther acidic or

ercent of the

method (such
noto-emulsion

ests shall be
Section 29,

al to or above
wiring board,

ange in efchant. If the fabricator changes the etchant to chromic/sulfuric, a retest shall be

yth. When the
romic/sulfuric,

testing

is_not required.

c¢) The addition of plated contact fingers to an existing process. Testing shall be in accordance with
Section 32, Plating Adhesion. The addition of any other metallic surface plating to the conductors,
including Immersion Silver, but excluding all other silver (see Silver, Section 10.2 and Silver
Migration Test, Section 35), does not require testing.

d) The addition of plated through holes to an existing process. Testing shall be in accordance with
17.7.1, Section 26, Thermal Stress, Section 29, Delamination and Blistering, and Section 32,
Plating Adhesion. The addition of any other metallic surface plating, except silver (see Section 35),
does not require testing.

e) An increase in the laminating pressure. Testing shall be in accordance with Section 26, Thermal

Stress,

and Section 29, Delamination and Blistering.
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12.2 Multiple-site processing

12.2.1 When the process steps defined in 12.1.6 are performed outside of the manufacturing facility or at
the factory of some other fabricator, the following procedure shall be employed in accordance with the
requirements for outside processing:

a) SUBCONTRACTING -

If the board process steps involve the outside contractor receiving

critical materials directly from the material supplier or involve critical steps with temperatures equal
to or above 100°C or above the MOT, whichever is greater, the outside contractor is considered a
subcontractor and not a multisite processor.

b) MULTISITE PROCESSING — Process steps not described above and/or involving temperatures

below 100°C or the l\/InT whicheveris graa{'cr are-considered-non-critical-steps—a

d the outside

contraftor is called a mult|3|te processor. Non-critical process steps do not require‘verification.

13 Permaneént Coatings

13.1 General

13.1.1 A pefmanent coating, such as a solder resist, solder mask, or-a protective coatin

j applied on a

printed wiring board [including coatings applied under conducters (undercoats) or over conductors

(overcoats)], shall be investigated for flammability, see Section, 27, The effect on the bon

| strength and

delamination [between the conductor, the undercoat materials, and/or the base matgrial shall be
investigated fpr Bond Strength, Section 28 and Delaminatioh, Section 29. The permanent coating shall

have previously been evaluated in accordance with the applicable test requirements in th
Polymeric Materials — Industrial Laminates, Filament\Wound Tubing, Vulcanized Fibre,

Used in Printgd Wiring Boards, UL 746E.

e Standard for
and Materials

13.1.2 Identjcal permanent coatings applied-in multiple layers during the production of a| printed wiring

board shall Re investigated for Flammability; Section 27. Flammability investigation of

the maximum

number of idgntical permanent coating layers will represent fewer layers. See Figure 13.1 fpr an example
of the build-up construction test sample.

Figure 13.1

Multiple Layers of Permanent Coating
Flammability Sample Construction Example

Permane

t Cogting A

A 2n B | T T

q
Ilj T\

Permanent Coating A

Core Base Material

Permanent Coating A

Permanent Coating A

55362
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13.1.3 Mixed combinations of permanent coatings shall be investigated for Flammability, Section 27.
Each coating combination shall be investigated. See Figure 13.2 for an example of the build-up
construction test sample.

Figure 13.2

Multiple Layers of Permanent Coating
Flammability Sample Construction Example

Permanent Coating A
Permanent Coating B
Core Base Material
Permanent Coating B
Permanent Coating A

55363

13.1.4 A matking ink-applied on the printed wiring board to provide a means of identificatipn in the form
of letters, numpers, or-symbols does not require testing. A marking ink applied on the printedl wiring board
for any purpoge other than letters, numbers, or symbols such as a decorative coating, shall be evaluated
as a permanent'coating as described in 13.1.1.

13.1.5 A temporary coating, such as a strippable or peelable resist, intended to be removed from the
printed wiring board before installation into the end product, does not require testing.

13.1.6 Permanent coatings functioning as dielectric insulation and/or providing environmental protection
shall be investigated to the applicable end use product construction and performance requirements for
base materials and/or conformal coatings. See the appropriate end product standard: Standard for
Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials
Used In Printed Wiring Boards, UL 746E; the Standard for Insulation Coordination Including Clearances
and Creepage Distances for Electrical Equipment, UL 840; and/or the Standard for Insulation Coordination
for Equipment within Low-Voltage Systems — Part 3: Use of Coating, Potting or Moulding for Protection
Against Pollution, IEC 60664-3.
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13.2 Permanent coatings program

13.2.1 When a permanent coating, such as a solder resist/mask, has been previously evaluated in
accordance with the Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing,
Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E, with regard to its flammability
after thermal stress, flammability testing to add the coating as an alternate coating to one previously tested
on a representative printed wiring board is not required when the coating meets the following

requirements:

a) The coating has been investigated for use on the same UL/ANSI type of base material as that
from which the printed wiring board is manufactured;

b) Th

coatina-shall hava 3 flammahilitv ratina ganivalant 16 ar haottar than that of th
StHg-SHat-Rave—a-Hatiashity-athyg +—t —oetei—+tRAa+a+o+tH

printed wiring

board;

c) The
and

d) The
or thin

e) Nor

Exception: Pe
between cond

14 Plugged
141 A plug

not limited tdg
investigated f

construction test sample. See 10.11.2 forrinvestigation of the filled plated through hole ang

plugged-hole
requirements
Vulcanized F
materials, and

Exception: Pl
evaluation.

SorYerort

solder limits of the coating shall be equal to or higher than that of thé printed

coating has been investigated for use on a base material withra minimum thic
her than the minimum thickness of the printed wiring board,

-flame rated and HB rated boards may be coated with @ny permanent coating.

rmanent coatings program does not apply to coatings functioning as sole diele
uctive layers and/or providing environmental protection. See 13.1.6.

-Hole Materials

jed-hole material (see 2.111) used.in the production of a printed wiring board
plated through holes, blind wias, and buried vias as shown in Figure
pr flammability, Section 27. Sée Figure 14.2 and Figure 14.3 for an example

material shall have been’ previously evaluated in accordance with the app
in the Standard fortPolymeric Materials — Industrial Laminates, Filament V|
bre, and Materials,'Used in Printed Wiring Boards, UL 746E based on thg
application.

igged-hole materials encased in copper in the board construction do not requi

wiring board;

kness equal to

ctric insulation

(including but
[4.1) shall be
of the build-up
via hole. The
licable testing
Vound Tubing,
construction,

re flammability
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Figure 14.1

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

Surface or Blind Vias

Filled with Filled with
Organic Organic

Prepreg

Prepreg

Filled with Filled with Filled with Filled with Filled with Filled with Filled with
Organic Organic Organic Organic Prepeg Organic Organic
Hole #1 Hole #2 Hole #3 Hole #4 Hole #5 Hole #6 Hole #7

\7 Plated Through Vias J

Notes for Figure 14:1

su0549b

Hole # ahd via reference Description Flammability test required?

1 Plated through holé-filled with plugged Yes
hole material
Through holefilled with plugged hole Yes
material; fiole wall not plated

2 Blind yia filled with plugged hole material Yes
Copper encapsulated blind via filled with No
plugged hole material
Blind via filled with plugged hole material, Yes
hole wall not plated

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

5 Buried via filled with prepreg No

6 Buried via filled with plugged hole Yes
material

7 Copper encapsulated buried via filled No

with plugged hole material

Buried via filled with plugged hole Yes
material, hole wall not plated
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Figure 14.2

Plugged-Hole Material
Flammability Sample Construction Example

plugged—hole material
core

nluaaed—=hole m
Frorgge e oo

L~

(D]
F: e
(D
IR
)

55360

Figure 14.3

Plugged-Hole Material With Permanent Coating
Flammability Sample Construction Example

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

55361

14.2 When a Permanent Coating is used in the production of a printed wiring board utilizing plugged-hole
material, the combination of the permanent coating and plugged-hole material shall be investigated for
flammability, Section 27. See Figure 14.3 for an example of the build-up construction test sample.
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Exception: When an identical material is used as a plugged-hole material and as a permanent coating in
the production of a printed wiring board, flammability investigation of 2 coatings of the material will be
considered representative of 1 coating of the material.

15 Embedded Components

15.1

The embedded component evaluation described in this Section is intended solely with regard to its

safety and application in the printed wiring board construction. To determine the acceptability of the
embedded component in the end product application, the component must be subjected to the applicable

end use produ

ct construction and performance requirements.

15.2 The embedded component applied on internal layers of the printed wiring board and

potentially on

the external syirface of the printed wiring board. Examples of embedded component techn

industry is sp

ified in Table 22.9.

15.3 An embedded component used in the production of a printed wiring board shall co

appropriate reguirements in Table 22.9. Each embedded component construction type, sizg,

density shall be investigated.

15.3A Samples or the production board with embedded components shall be investigated
with Delamination and Blistering, Section 29. If embedded components do not fit in the samp

shown in Figu
Figure 10.3 as

15.3B Samp
Flammability,

15.4 The em
Ultrathin Lam
Materials Red
Laminates, Fil
746E.

15.5 Anemj
the core lamin

15.6 The Bag
includes the U
printed wiring

re 10.1, additional samples containing the embedded components are to b
an example.

es with embedded components consisting~of organic material shall be in
bection 27.

bedded component dielectric matérial shall comply with the applicable requir
nate and Prepreg Test Program, or the Non-reinforced Dielectric Materig

ament Wound Tubing, Vuleanized Fibre, and Materials Used in Printed Wirin

edded component.which consists of a dissimilar dielectric or insulator material
hte and/or prepreg shall be evaluated for Dissimilar Materials Thermal Cycling

nd Strength Test in Section 28 is required when the printed wiring boarg
se oftadhesive. The Conductive Paste Adhesion Test in Section 33 is requ
board construction includes the use of conductive paste or silver materi

uiring Mechanical Supportcsection in the Standard for Polymeric Materials —

blogy used by

mply with the
number and

n accordance
e dimensions
e tested. See

estigated for

ements in the
Is and Other
Industrial
g Boards, UL

compared to
Section 31.

construction
red when the
al. The Bond

ANV P aPacta Adhacioan ot chall ha o ad if thin Apalh AAAAA A~ A~ ANA

Strength and
internal board

Hebivs 3
SORGHCHYeT-aSte—/ahReSIon—teStS—SRamPe-WwatveatHme—embeaaea COTMPOTCt

use only.

16 Singlelayer (Singlesided and Doublesided) Printed Wiring Boards

16.1

16.1.1

General

double-sided printed wiring board shall comply with 16.1.3 — 16.1.6.

1t is limited to

In addition to the construction requirements described in Sections 7 — 15, a single-sided or

16.1.2 Each side of the dielectric material to which conductors are bonded shall comply with the
requirements for support of live parts. If adhesive/bonding material is used to adhere the conductors to the
dielectric material, the bonding material shall comply with the requirements for support of live parts.
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16.1.3 The conductor pattern of Figure 10.1 is to be included on both of the sides of a sample, and the
unpierced areas are to be positioned directly opposite each other.

Exception: If a ground plane (an external conductor layer used as a common reference point for circuit
returns or heat sinking) is used by a fabricator, and the required maximum diameter unpierced circular
conductor representing the ground plane area can not be accommodated in the conductor pattern of
Figure 10.1, a separate sample with the maximum diameter unpierced circular conductor shall be
provided, on both sides, positioned directly opposite each other. See Figure 10.3 for an example test
pattern. The conductor should not extend to the edge of the sample.

16.1.4 A double-sided board is representative of an identical board with a representative conductor
pattern on one side when the single-sided construction has the same base material, total thickness, line
width, solder [imits and other parameters. A single-sided board is not considered as representative of a
double-sided poard.

16.1.5 A dolible-sided board shall be provided with contact fingers and plated thfough-holg constructions

if used in production.

16.1.6 A comnnection between sides shall be smooth, uniform, and free frem cracks, nody
and insulating coatings or other nonconductive material that reduces the conductivity
conductor pafterns. In the test sample, an unsoldered plated-through.hole shall not have v(
10 percent of the plated wall area.

les, segments
between the
ids exceeding

16.2 Metal-¢glad (MCIL/CCIL) base material program

16.2.1 Whe
Laminates s¢
Tubing, Vulca
bond strengt
conditioning 4
and after the
printed wiring
metal-clad ba
wiring boards

a) The
board
compd
fabricg

 a metal-clad base material has been previously investigated in accordance v
ction of the Standard for Polymeric, Materials — Industrial Laminates, Fil
nized Fibre, and Materials Used in\Printed Wiring Boards, UL 746E, with re
W between the base materialxand the cladding metal after thermal stress
nd 2) the flammability classification of the base material (after etching off the
mal stress), Bond Strength,”Delamination and Blistering, and Flammability
board manufacturer is not required to add alternate metal-clad base mate
e material meets the following requirements for single- or double-sided, sing|

printed wiring. board fabricator shall have been previously investigated for a
construction-using a generically similar metal-clad base material — same UL/A
site metal-clad base material with external surfaces of the same UL/ANSI
tor's own process and parameters, including minimum laminate thickness, m

ith Metal Clad
bment Wound
gard to 1) the
5 and thermal
cladding metal
testing for the
rials when the
e-layer printed

printed wiring
NSI type —or a
type, with the
hximum solder

limits, | maximum operating temperature (MOT), minimum and maximum condyictor cladding
thickness, minimum midboard conductor, minimum edge conductor, maximum area diameter, and
flammability classification.

Exception: The addition of alternate molded base materials without tests is acceptable for a board
fabricator when limited to those base materials which are manufactured by the same manufacturer
as the original, have the same or better mechanical and electrical thermal indices and flame
ratings, and fall within the generic family of materials previously tested for the board fabricator.

b) The printed wiring board fabricator shall have been previously investigated for a printed wiring
board construction using a permanent coating (such as solder-resist) when employed in the
fabricator’s production in combination with the same UL/ANSI type base material, or a composite
metal-clad base material with external surfaces of the same UL/ANSI type, with the fabricator’s
own process and parameters (including minimum thickness and solder limits).

¢) The minimum thickness of the fabricator’s printed wiring board shall remain unchanged and shall
not be less than the minimum thickness of the metal-clad base material.
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d) The maximum operating temperature (MOT) of the fabricator's printed wiring board shall remain
unchanged and shall not exceed that of the metal-clad base material.

e) The solder limits of the fabricator's printed wiring board shall remain unchanged and shall not
exceed those of the metal-clad base material.

f) The pattern limits of the fabricator's printed wiring board shall remain unchanged. When a
maximum diameter representing maximum ground or unbroken plane area is specified for the
metal-clad base material, this limit shall be observed in determining whether the metal-clad base
material is acceptable for addition to the printed wiring board manufacturer's material list.

g) The cladding material, number of clad sides, and minimum and maximum thickness of cladding
shall be within the same range covered for the printed wiring board fabricator.

h) To n
for the
any co
a marg
fabrica

i) Meta

nake use of the metal-clad base material flammability data, the results pfevig
printed wiring board fabricator on the same UL/ANSI type of base material, wi
ptings, are to be compared with the results obtained for the metal-clad base n
inal situation exists, flammability testing shall be conducted for ‘the printed
or.

I-clad base material program does not apply to printed\wiring boards in

usly obtained
h and without
aterial. When
wiring board

estigated for

flammability classification only.
17 Multilayer Printed Wiring Boards
17.1 Genergl

17.11 In ad
wiring board s

Jition to the construction requirementstdescribed in Sections 7 — 15, a mul
nall comply with 17.2 - 17.8.

lilayer printed

17.1.2 Multilayer PWBs include constructions produced with Mass Laminates (17.3), Hyl
Printed Wiring:[Boards (Section 18), and*High Density Interconnect (HDI) Printed Wiring Boa
unreinforced materials (Section 19).

brid Multilayer
rds made with

17.2 Assemply

17.21 Amu
air entrapmen

tilayer printed wiring board shall have good layer registration without inside délamination or
, Or voids,

17.3 Mass ITminate printed wiring boards

17.3.1 Mass laminated boards are manufactured from prefabricated multilayer laminate packages. Mass
laminate boards can be manufactured in several ways. Two examples of mass laminate board processing
are described in the mass laminating definition. See 2.89. After either of the described procedures, the
laminator returns the unfinished mass laminate multilayer construction to the printed wiring board
fabricator with completed internal conductor layers and solid metal external conductor layers for final
etching of the external surfaces and/or plating operations by the board fabricator.

17.3.2 When the mass laminating is performed by an outside laminator or fabricator, the mass laminate
manufacturer or fabricator shall have been previously investigated in accordance with the Prefabricated
Multilayered Laminates — Mass Lamination section in the Standard for Polymeric Materials — Industrial
Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL
746E.
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17.3.3 When the laminating is performed by an outside laminator or fabricator, who has not been
previously investigated in accordance with the Standard for Polymeric Materials — Industrial Laminates,
Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring Boards, UL 746E, the
acceptability of the laminate or printed wiring board shall be determined in accordance with multilayer 17.4
— 17.8 and the multiple-site processing 12.2 for processing steps equal to or above 100°C or above the

board maximum operating temperature.

17.4 Electrical insulation

17.41

The dielectric material used as insulation between conductor layers or traces shall comply with

the Standard for Polymeric Materials — Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre,

and Materials

Used in Printed Wiring Boards, UL 746E.

17.4.2 If the

high density interconnect (HDI) type constructions, the board shall comply with Section;19.

17.4.3 Each

comply with the requirements for support of live parts.

17.4.4 The
dielectric mat

17.4.5 The direct support and/or CTlI ratings of each individual material shall be evaluated

minimum buil

17.5 Laminftions

17.5.1 A reg
individual ins
total build-up
minimum nur
conductor lay
materials or
Strength Test
sample const

17.5.2 A miultilayer(board is representative of a one- or two-sided single layer board

laminated mu
parameters.

multilayer printed wiring board includes dielectric materials intended fof use

dielectric material layer (laminate, prepreg, etc.) to which conductors are

Hirect support and/or CTI rating of the multilayer PWB shall be limited by th
brial used in the construction.

j up thickness of the PWB.

resentative multilayer laminate construction shall include but not be limited
Llation sheets and bonding sheets, the minimum external conductor weight
construction, and shall not@xceed the minimum production thickness includ
nber of internal patterned conductive layers, whichever is greater. At leag
er of the maximum metal weight shall be included in the construction. Each
tonstructions shall‘be*provided for investigation. See 23.6 and Figure 24.2

in fabricating

bonded shall

e lowest rated

at the desired

o the thinnest
the minimum
ing two or the
t one internal
combination of
for the Bond

sample construction. See 23.7 and Figure 24.1 — Figure 24.3 for the Fla
uction.

Itilayer-board having the same laminate, total thickness, line width, solder Iin

mmability Test

and/or mass
hits, and other

17.5.3 A representative board shall include all combinations of laminate and prepreg sheet material
types and grades. Intermixing of laminate and prepreg materials is limited to generically identical materials
(same UL/ANSI grade of laminate or films suitable for the purpose).

Exception: Intermixing of materials that are not generically identical shall not be employed unless an
evaluation is conducted in accordance with 17.6, Dissimilar Dielectric Materials Evaluation, to determine
compatibility of the dissimilar materials.

17.5.4 The conductor pattern of Figure 10.1 shall be included on both the external and internal layers of
a sample. The internal conductor pattern shall mirror the external conductor pattern. The unpierced areas
and plated through-hole lands shall be the same diameter on all layers and are to be positioned directly
over one another. The internal unpierced areas shall not extend to the edge of the sample.
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17.5.5 The internal conductor widths are to vary as needed for the metal weights and board thickness
employed. The pattern for the internal layer midboard and edge conductors that are not the heaviest metal
weight shall be the same width as the external conductors. The heaviest metal weight shall be the
narrowest practical width based on the copper weight, but not narrower than the minimum external
conductor width.

17.6 Dissimilar dielectric materials evaluation

17.6.1 The combination of generically dissimilar dielectric materials shall be subjected to Dissimilar
Dielectric Materials Delamination Test, Section 31, and Flammability testing, Section 27. Each dissimilar
dielectric material with conductors used on the PWB external surface shall comply with the Bond Strength,
Section 28. Each individual material, in the combination of dissimilar materials, shall have been previously
evaluated for performance profile indexing values including flammability and RTI's in accerdance with the
Standard for {olymeric Materials — Industrial Laminates, Filament Wound Tubing, VulcaniZed Fibre, and
Materials Used in Printed Wiring Boards, UL 746E.

17.6.2 Thec
for the Dissim
classification

material. The
mechanical an

pmbination of generically dissimilar dielectric materials, that complies with the
lar Dielectric Materials Thermal Cycling test and with the requirements for the
bhall be assigned a rating that does not exceed the mechanical RTI of the
minimum build-up thickness of the combination of the materials shall then be|
d electrical RTI's of the lowest rated material at this mifimum build-up thicknes

requirements
Flammability
lowest rated
assigned the
S.

17.6.3 Direc
combination o
lowest rated n

support of current carrying parts shall be determined in accordance with
f generically dissimilar dielectric materials based on the performance index
aterial within the combination.

9.3.1 for the
values of the

17.7 er connections

Interlay
17.7.1 An uI
cracks, nodul

conductivity. A
wall area.

soldered connection betweenxlayers shall be smooth and uniform. It shall|be free from
s, and segments of insulating- coatings or other nonconductive material that reduces the
n unsoldered plated-through~hole shall not have voids exceeding 10 percent|of the plated-

17.8 Metal-dlad laminate and prepreg materials

17.8.1 When
in accordance
Laminates, Fil
746E, with red

the metal-clad base material (laminate and prepreg layer) has been previousl
with Metal Clad Laminates section of the Standard for Polymeric Materia
ament-\Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wirin
ardto' 1) the bond strength between the base material and the cladding meta

y investigated
s — Industrial
g Boards, UL
after thermal

stress and the

prepreg (after

rmal r‘nnditinning and 9) the flnmmahili‘ry classification of the laminate and

etching off the cladding metal and after thermal stress), Delamination and Blister testing for the printed
wiring board manufacturer is required to add alternate metal-clad base materials (laminate and prepreg
layer) when the metal-clad base material meets the following requirements for multilayer printed wiring

boards in addition to those described in 16.2 for single-layer boards:

a) The cladding material, and the minimum and maximum thickness of both internal and external
conductors, shall be within the same range as that covered for the printed wiring board fabricator;

b) The bonding layer shall be the same material previously investigated for the printed wiring board
fabricator;

c) Boards shall be built up to the minimum thickness specified for the metal-clad base material
when measured to exclude the conductors; and
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d) Metal-clad laminate and prepreg materials program does not apply to printed wiring boards
investigated for flammability classification only.

18 Hybrid Multilayer Printed Wiring Boards

18.1 Hybrid PWBs are comprised of various combinations of dissimilar dielectric materials such as base
materials, laminates, secondary core materials, prepregs, and/or bonding layers.

18.2 The direct support, CTI, flammability, and MOT ratings of each individual material shall be
considered at the desired minimum build up thickness of the Hybrid PWB.

18.3 The fl
rated dielectric material used in the construction.

of the lowest

18.4 The MOT of the Hybrid PWB shall not exceed the lowest electrical and mechgnical Relative
Thermal Index (RTI) of each dielectric material used in the construction.

18.5 A reprg¢sentative sample of the finished production Hybrid PWB shall include all combinations of
dielectric materials, and shall be evaluated in accordance with the Hybrid.PWB test program in Table 18.1.
See 17.4 and|17.5 for sample construction details.

18.6 All combinations of dielectric materials in the Hybrid PWBshall be evaluated in accorfance with the
Dissimilar Diglectric Material Evaluation, 17.6, if not previously.evaluated.

Table\18.1
Hybrid MultilayerrPWB Test Program

Property For method, refer to Section
Flammability 13,17.5, 18.3, and 27
Bond Strength / Delamination 17.4.3,17.5, 18.4 and 28
Dissimilar Material Evaluation 17.6, 18.6, 30, and 31
Direct Suppart 9.3,17.4,18.2

19 High Denpsity Interconnect (HDI) Printed Wiring Boards Made With Unreinforced Materials

19.1 HDI PWBs are comprised of thin dielectric materials requiring mechanical support from a separate
core material | The‘Constructions are intended for the production of microvias using sequential build-up and
related multilayer—mtercormecttechnotogies—Someexamptesof dietectric mmateriats—include  Build-Up
Materials (BUM), Resin Coated Copper Foil (RCF), and/or similar insulating materials supplied as liquid or
film intended for use in fabricating High Density Interconnect (HDI) constructions.

Exception: Prepreg material used as an HDI material shall be evaluated in accordance with Multilayer
Printed Wiring Boards, Section 17.

19.2 The flammability rating of the HDI PWB shall not exceed the flammability rating of the lowest rated
dielectric material used in the construction.

19.3 The MOT of the HDI PWB shall be limited to the lowest electrical and mechanical Relative Thermal
Index (RTI) of each dielectric material used in the construction.

19.4 The direct support and/or CTI rating of the HDI PWB shall be limited by the lowest rated dielectric
material used in the construction.
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19.5 The HDI PWB construction shall be subjected to the tests described in Table 19.1.

19.6 When variations to the HDI PWB construction are made, the revised construction shall comply with
the tests specified in Table 22.10.

Table 19.1
HDI PWB Test Program

REQUIRED TESTING
HDI Vertical HDI Bond Strength, Non-reinforced
L HDI/Core flammability, 34.2 delamination and Dielectric Materials
Application Use Combination blistering,34.3 her Materials
Evaluated to UL 746E Requir ng Mechanical
Suppo]( section of UL
746E
Yo X X
Full Recognition <2
No X X X
Flame Only X
Recognition

20 Metal Bape Printed Wiring Boards

20.1

20.1.1 Metal
insulating mat

20.1.2 The g
insulation bety
and electrical

a) The

b) The

for the desire
Section 9, Bag

20.1.3 Arep

General

base PWBs are comprised of a metal ,core used as mechanical support fi
brial applied to one or both sides of the metal core.

ielectric materials, laminate, metal base laminate, bonding layer, and/or pre
veen the base metal and the conductor layer or traces shall have acceptab
RTIs and acceptable performiance properties at:

Mminimum and maximum dielectric thickness and

minimum base metal thickness

i MOT and“flammability classification of the production metal base PWB ag
e Materials. See 9.1.3 Exception for ceramic base materials.

resentative metal base PWB shall be investigated in accordance with the me

test program i

Tahble 201 and Table 202 and shall include all combinations of dielectric.

br a dielectric

preg used as
e mechanical

described in

al base PWB
aterials and

base metal types.

Exception: For a printed wiring board manufactured with a metal base laminate for use with multiple base
metals, testing of one base metal shall represent the other metal types if all the metal types have been
previously evaluated with the metal base laminate in accordance with the Standard for Polymeric Materials
— Industrial Laminates, Filament Wound Tubing, Vulcanized Fibre, and Materials Used in Printed Wiring

Boards, UL 74

6E.
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Table 20.1
Metal Base PWB Test Program
REQUIRED TESTING
Dielectric/metal core . Metal base laminate
o combination evaluated to Vertlcall. Bond strength evaluated per

Application use UL 746E flammability delamination UL 746E
Full recognition Yes X X

No X X X
Flame only Yes X

No X X

NOTE - Boards employing other constructions such as, but not limited to silver, plugged through holes, permanent coatings, and
embedded components shall comply With the appropriate requirements In this standard.

Table 20.2
Metal Base PWB Sample Requirements
Sample
dimensions
Minimum length by Number of
For method number of width Baseinetal Dielectric dielectric
Property refer to samples mm (inch) thickness thickness layers
Bond strength/ . : - - .
delamination Section 28 10 Figure 10.1 Minimum Minimum Maximum
Flammability Section 27 20 125x 13 Minimum Minimum Minimum
Flammability Section 27 20 125 x 13 Minimum Minimum Maximum
Flammability Section 27 20 125x 13 Minimum Maximum Maximum
Flammability Section 27 20 125x 13 Minimum Maximum Minimum

20.1.4 A representative construction.sshall include but not be limited to the minimum and maximum
dielectric material, the minimum metal\base thickness, and the minimum and maximum exterrnal conductor
thickness (welight) in accordance with*10.6, External copper foil or cladding process weight. |f the dielectric
layer will inclide a multilayer construction, the construction shall comply with Multilayer Printed Wiring
Boards, Sectipn 17.

Exception: If| the dielectric material is a UL/ANSI type material, the maximum diele¢tric thickness
flammability ipvestigation of the metal base PWB is not required.

20.1.5 Intermixing of dielectric materials is limited to generically identical materials (fo] example, the
same UL/ANSI type materials).

Exception: Intermixing of materials that are not generically identical shall not be employed unless an
evaluation is conducted in accordance with 17.6, Dissimilar Dielectric Materials Evaluation, to determine
compatibility of the dissimilar materials.

20.1.6 The dielectric material and metal base combination shall be evaluated in accordance with the
Dissimilar Material Evaluation, 17.6, to determine adhesion of the dielectric material to the metal base, if
not previously investigated.

20.1.7 A double-sided board is representative of an identical board with a representative conductor
pattern on one side when the single-sided construction has the same dielectric material, minimum and
maximum dielectric thickness, minimum metal base thickness, line widths, minimum and maximum copper
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thickness (weight), solder limits, maximum operating temperature, and flammability classification. A
single-sided board is not considered as representative of a double-sided board.

20.1.8 When a metal base PWB has been previously investigated with UL/ANSI dielectric material in

accordance wi

th Table 20.1;

a) The addition of alternate UL/ANSI laminate with existing bonding layer or prepreg material
requires flammability testing, if the alternate laminate meets the MCIL/CCIL requirements defined

in 16.2

or17.8.

b) The addition of alternate UL/ANSI prepregs or multilayer UL/ANSI laminate/prepeg packages
requires delamination testing, if the alternate dielectric material meets the requirements defined in

17.8.

20.1.9 When
and UL/ANSI
coatings/solde
program requi

20.2 Vertica

20.21 Four
(examples a
27. The fouru

a) Mini
b) Mini

¢) Min
thickne

d) Min
thickne

a metal base PWB has been previously investigated with permanent coatings

r resists does not require testing, if the alternate coating meets(the perma
rements defined in 13.2.

| flammability evaluation for metal base PWBs

uncoated sets of twenty samples, each constrdeted in accordance with
d) are to be subjected to the Flammability evaluation as described in Flamma
ncoated sets are described below:

mum thickness metal base core with 1 layerof minimum dielectric thickness;
mum thickness metal base core with_t’layer of maximum dielectric thickness;

mum thickness metal base cdre with the maximum layers of the maxin
ss; and

mum thickness metal ‘base core with the maximum layers of the minim
SS.

solder resists

dielectric material in accordance with Table 20.1, the addition of alternate permanent

hent coatings

Figure 18.1
bility, Section

um dielectric

um dielectric
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Figure 18.1

Flammability Sample Constructions Example

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)
o] b

maximum layer thickness

S4352A

NOTE:

minimum layer thickness

hnd maximum number of layers and maximum number of-layers
0.08mm (3 mil) 0.05mm (2 mil)
0.08mm (3 mil) 0.05mm (2 fnil)
0.08mm (3 mil) 0.05mm “(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

Each Solder Mask shall be tested. All combinations (coated and-uncoated) are requested at the start of the test pro
All four uncoated|constructions shall be tested at the start of the program.
Each Figure 18.1|(a) and (c) coated constructions shall be tested.

Figure 18.1 (b) |and (d) coated constructions may ,be tested depending on the performance of the Figure
constructions.

jram.

118.1 (a) and (c)
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20.2.2 If a permanent coating is to be used on the metal base printed wiring board construction, each
coating and metal base laminate combination shall be investigated as described in the Permanent
Coatings, Section 13.

20.2.3 The example in Figure 18.1 represents the Flammability Test samples required for an application
using the minimum thickness metal base core, the minimum and maximum dielectric material thicknesses
of 0.05 mm (2 mils) and 0.08 mm (3 mils), respectively, and minimum and maximum number of dielectric

material layers of 1 and 3, respectively.

20.3 Bond strength evaluation for metal base PWBs

20.3.1

Ten samples containing foil-type or clad conductors and constructed as described in Figure 10.1

with the mininj
evaluation deq

20.3.2 The ¢

um metal base and the minimum dielectric thickness are to be subjected to, f
cribed in Bond Strength, Section 28.

onductor pattern of Figure 10.1 shall be included on both sides-gb the sar

unpierced areas are to be positioned directly opposite each other, unless only & singlesided ¢

to be evaluate

21 Flexible

21.1
Interconnect Q

.

Printed Wiring Boards

The requirements for flexible printed wiring boards aréin” the Standard for Flex

onstructions, UL 796F.

22 \Variations in Printed Wiring Board Construction

22.1 When V
and performar
22.9. These te

ariations to a construction are madé-after compliance with the construction
ce tests, the revised constructiop.shall comply with the tests specified in Tablg

Bond Strength

nple, and the
onstruction is

ble Materials

requirements
p 22.1 — Table

sts shall be in accordance with Sections 23 — 35.

Table 22.1
Test Program.for Adding Alternate Manufacturing Location

Manpfacturing location Type of Testing
recognition
Currently
recognized Known Bond Initial
manufacturing || Representative | history of strength/ production
location for product non- Flame No Delamination inspection
CCN recognized compliance | Eull only testing | and blistering | Flammability (IP1)
Yes Yes No X X
Yes Yes No X X
Yes No No X X
Yes No No X X
No No No X X X
No No No X X X
Yes Yes Yes X X
Yes Yes Yes X X
Yes No Yes X X
Yes No Yes X X

Note 1: Flammability testing is required for Flame-Recognition-Only Manufacturers.

Note 2: Representative Product Recognized: The Alternate Manufacturer is Recognized to perform a Process and Board equal to
or more severe than the Process and Board it will be performing as an Alternate Manufacturer.
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Table 22.2

Test Program for Revising Conductor Parameters

Testing
Variation Bond Strength Delamination and Flame UL 796 Reference
Blistering
Decrease min external Cu foil or X X 10.6.3
cladding process
Increase max internal Cu thickness X
Increase max external Cu foil or X X .6.
cladding process thickness beyond
102 um (3 oz./ft?)
Reduce minimum conductor width X 1p.7.1, 10.14.2
Increase externpl max diameter X 10.14.3
Increase interngl max diameter X 23.6 (b)
Increase max operating X X 9.1.3
temperature
(Not to exceed the lowest of the
electrical or meg¢hanical RTI of the
laminate)
Single sided to flouble sided X X X 16.1.4
Table 22.3

Test Program for Solder Shock, Solder Reflow, or Process Step Over Max Operating femperature

any alkaline or acidic

Testing
Delamination and
Vafiation Bond strength blistering Flame UL| 796 reference
Adding solder r¢flow X X X 12.1.6
Increase reflow|time and/or
temperature Y) X X 1216
Increase solderfshock time and/or
temperature X X X 264
Adding or incregsing process step
involving temperature is equal.to\er
above 100°C orlabove the X X X 12.1.6
maximum operdting temperature of
the board, whichever is.greater
Table 22.4
Test Program for Changing Etchants
Testing
Delamination and
Variation Bond strength blistering Flame UL 796 reference
Change from alkaline or acidic to X X X 12.1.3,12.1.6
chromic/sulfuric
Change from chromic/sulfuric to No testing



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

46

UL 796

SEPTEMBER 8, 2022

Table 22.5

Test Program for Revised Plating Operations

Variation Testing UL 796 reference
Adding plated contact fingers Plating adhesion required for contact 12.1.6(c)
finger
Adding plated through holes Solder shock and plating adhesion, 12.1.6(d)
Delamination and Blistering
Adding metallic plating Cu conductors Plating adhesion 12.1.6(c)
Table 22.6
Test Program tor Revising Single Layer Constructions
Testing
Delamination and
Variation Bond strength blistering Fldme UL|796 reference
Reducing minimpm laminate thickness
Temperature rating of thinner laminate X 9.1.4
is the same
Temperature rating of thinner laminate X X 9.14
changes
Reduced thickngss below 0.63 mm X X 9.14
(0.025 inch)
Increasing laminfate thickness
PWB temperatufe change up to 9.1.4
maximum tempgrature of laminate
No change in temperatures No testing 9.1.4
Table 22.7
Test Programfor Revising Multilayer Constructions
Testing
Acceptable By Delam.inati.on UL 796
Variaion CCIL/MCIL Bond strength | and blistering Flame reference
Adding new Ielminate with Yes X 17.8.4
existing drepreg® No X X X T
Adding new grepreg with Yes X X 17 8.1
existing laminate No X X < 1/.e.1
Adding laminate/prepreg Yes X
o L 17.8.1
combination (Not Intermixing) No X X X
Adding laminate/prepreg Yes X X
combination (In_terrr_nxmg - No X X X 17.8.1
Each Combination)
Intermixing existing laminates X 175.3
and prepregs —==
Reducing minimum buildup® X X X 17.5.1
Reducing individual laminate X 17.5.1
and/or prepreg sheet thickness

Table 22.7 Continued on Next Page
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Table 22.7 Continued

Testing

Variation

Acceptable By
CCIL/MCIL

Bond strength

Delamination
and blistering

Flame

UL 796
reference

(without affecting minimum
build-up)®

previously been investigated.

NOTE If Dissimilar material(s), additional testing is required per 17.5.3 and 17.6 unless the dissimilar material combination has

@ If Dissimilar material(s), additional testing is required per 17.5.3 and 17.6.
® The board minimum buildup thickness shall not be reduced below the minimum established thickness for the laminate.

4 The board minimum individual laminate sheet thickness and/or prepreg sheet thickness shall not be reduced below the minimum
established thickness for the individual sheets.

Table 22.8

Test Program for Revised Laminating Process — MultilayerPWB

Test Program for the Addition of Embedded Capacitors and Resistors in Multilayer C

Testing
Variation Bond strength Delamination and Flame UL} 796 reference

blistering
Increasing Iamipating pressure X 12.1.6(e)
Increasing IamiLating temperature X X 12.1.6(e)
and/or time
Decreasing Ian1nating pressure, No tésting
temperature or fime

Table 22.9

bnstructions

Variation Testing
Evaluated per
Non-
reinforced
Dielectric
Materials and
Other
Materials
Requiring
Mechanical Dissimilar
Embedded Examples of Support material
componen technology used by section of UL | Delamination thermal UL 796
construction industry 746E and blistering | Flammability cycling reference
Adding embedded capacitors
Screen printed » BaTiO3 in epoxy photo -
dielectric X X X X 15,1753,
. . and 17.8.1
« BaTiOj3 in polyimide -
Thin film inorganic * SiO,
dielecrtrics <1 mic «AlLO
; 203
and ceramic paste - X - — 15,17.8.1
* TiO,
* BaTiO4

Adding embedded resistors

Table 22.9 Continued on Next Page
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Table 22.9 Continued

Variation Testing
Evaluated per
Non-
reinforced
Dielectric
Materials and
Other
Materials
Requiring
Mechanical Dissimilar
Embedded Examples of Support material
component technology used by section of UL | Delamination thermal UL 796
constructiol industry 746E and-bisteringTFammabitity T—cycting— | reference
Etching thin film? * Nickel/ phosphorus
* Nickel/ chromium
* Platinum alloy
Plated * Nickel Phosphide - X - - 15,17.8.1
Screen printed * Polymer thick films
» Ceramic paste
» Conductive paste

NOTES -

1 — All embedded components are limited to internal board use only. Additionaltesting may be required for embedded components

on the external syirface of the board (see 15.6).

2 — The above tept program assumes the printed wiring board will be use@'in rigid end use applications only. Additignal testing is
required for flexiljle end use applications (see Standard for Flexible Materials Interconnect Constructions, UL 796F).

@ Embedded resigtor materials supplied on a copper clad core laninate shall have previously had the CCL with the fesistor material
to the applicable requirements in Standard for"Polymeric Materials — Industrial Laminates, Filamgnt Wound
Tubing, Vulcaniz¢d Fibre, and Materials Used in Printed Witing Boards, UL 746E, in the section for Ultrathin Lamingte and Prepreg
Test Program, or|in the section for Non-reinforced Dielectric’'Materials and Other Materials Required Mechanical Support, for
Relative Thermal Index (RTI) and Performance Profile:Indexing properties if the printed wiring board is to be evaluated for a

applied evaluate

Maximum Operafing Temperature (MOT) and Direct.Support (DSR).

Table 22.10
Test’'Program for Revising HDI Constructions
Testing
HDI PWB Consfruction Variation Bond strength/
Vertical flame delamination, HDI thermal

test, 34.2 34.3 cycling, 34.3.2 UL 796 reference
Addition of alternate singlelayer core of No testing 16.2, Section 19
same UL/ANSI — acceptable by
CCIL/MCIL
Addition of alternate multilayer core - Delam only - Table 22.7, Section 19
package of same UL/ANSI — acceptable
by CCIL/MCIL
Decrease the core minimum build-up X X X Section 19
thickness
Decrease the HDI material minimum X X X Section 19, 34.1.2
thickness
Increase the HDI material maximum X - - Section 19, 34.1.2
thickness

Table 22.10 Continued on Next Page
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Table 22.10 Continued

Testing
HDI PWB Construction Variation Bond strength/
Vertical flame delamination, HDI thermal
test, 34.2 34.3 cycling, 34.3.2 UL 796 reference
Increase the HDI material maximum X X X Section 19, 34.1.2
number of layers
Intermixing of different HDI materials X X X 17.6, Section 19, 34.1.2
Addition of prepreg as HDI material with See Section 17 and Table 22.7. 191
limited build-up thickness
PERFORMANCE
23 Test Samples
23.1 A complete set of samples shall be provided as scheduled in Table 23.1.
Table 23.1
Samples for Initial Investigation
References
A. Basic set of amples (See Figure 10.1)
1. Shall regresent all of production. B.1
2. Base shgll be of minimum thickness. 91.4
3. Midboarf conductor shall include minimum width. 10.71
4. Edge copductor shall be of minimum width. 10.8.1
5. Process|shall be at highest temperature and'time limits using the selected etchant. 1211
6. Shall coptain representative plating. 10112.1
7. Shall coptain plated contact fingers and/or through-holes if applicable.
B. Extra set of gamples (added to A)
1. For each different base manufacturer.? 9.1.1,9.1.2)16.2.1, 17.8.1
2. For eachy different grade-orfamily of base material.? 9.1.1,9.1.2116.2.1, 17.8.1
3. For eacly base-material cladding process. 10.6.1
4. For each copperweight range. 10.6.3
5. For a change)in any process where the temperature on the surface of the board exceeds 12.1.6
100°C (212°For-the-maximumoperating-temperature-of the-printed-wiring-boare;
whichever is greater.
C. Sets of 20 samples for flammability tests — See the Standard for Tests for Flammability of 27.2.1

Plastic Materials for Parts in Devices and Appliances, UL 94.

@ Samples may not be required. See 16.2.1.

NOTE - If fully representative, a sample is not prohibited from combining one or more items.

23.2 A representative conductor pattern for a test sample is shown in Figure 10.1 and Figure 10.3. Test
samples with alternate conductor patterns may be tested to accommodate larger features in one or
multiple test samples. Annex A includes examples of sample construction cross sections. Figure A.2 —
Figure A.8 are examples of the typical Flammability sample construction cross sections. Figure A.9 —
Figure A.15 are examples of the typical Bond Strength and Delamination sample construction cross
sections. Figure A.1 cross sections “b” and “c” are referenced in these figures to help explain the multilayer

constructions.
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a) External conductors shall contain the minimum width midboard and edge conductors intended in
production and a 1.6 mm conductor. One or more potential conductor widths may be included
between the minimum conductor width and the 1.6 mm conductor width. The 1.6 mm conductor
width shall have an absolute minimum width not less than 1.47 mm wide.

b) External conductors shall consist of the minimum weight intended in production for the bond
strength test. For initial conductor weights less than 33 p (1 0z/ft?), the conductors shall be plated
as close as possible to a thickness of 33 u (1 0z/ft?).

c) Conductors on the samples for bond strength test shall be continuous and may be tapered at
one end to aid initiating the bond strength pull.

d) External conductors shall contain the largest unpierced conductor area intended in production.

One or
and the

e) The
plating

f) The s

g) The
produc

h) The
hole m
with co
materig

Except
bond s
materia
materia

i) The
produc
produc

j) The
intendq

k) Cov

more potential conductor diameters may be included between a 10 mm condd
maximum conductor diameter intended in production.

samples shall be provided with surface plating applied on the conductor pat
is intended in production.

amples shall be provided with plated contacts if contacts are.intended in produ

samples shall be provided with plated through-holes ifplated through-holes a
fion.

samples shall be provided with through-holes filled with conductive material an
aterial if filled through-holes are intended in ‘production. If constructions will
hductor material applied over filled through-holes, samples shall be provided V
| applied over filled through-holes.

jon: If samples with conductor material applied over filled through-holes are
trength test, the bond strength test need not be repeated on samples with
| applied over filled through-holes with the same conductive material or
I.

samples shall be provided with a conductive coin if conductive coins ar
fion. One or morepotential conductive coin sizes may be included as
fion.

ctor diameter

ern if surface

ction.

re intended in

d/or plugged-
be produced
vith conductor

subject to the
but conductor
plugged-hole

e intended in
intended in

samples shall be provided with embedded components if embedded coinponents are

d in produetion.

br aterial and solder resist materials shall not be present on the external s

constry

Lrfaces of the

ction. The bond strength test shall be conducted by peeling the conductor from the base

material without obstruction of cover material or solder resist materials.

[) Test pattern modifications to accommodate actual PWB designs and/or processing are permitted
as long as all features defined herein are included for each PWB Board Type and all samples are
made with the same build-up construction.

23.3 A test sample is not prohibited from employing conductors on more than one side. See Section 16,
Singlelayer Printed Wiring Boards, and Section 17, Multilayer Printed Wiring Boards.

23.4 A sample is to be tested without mounted components, such as capacitors and resistors. If
embedded components are included in the board construction, they should be included in the test sample.

23.5 The construction of samples of molded boards shall simulate actual construction for 3-dimensional

boards.
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23.6 The construction of multilayer Bond Strength and Delamination and Blistering 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 conductive layers that may not be the
maximum metal weight. The internal conductor of maximum metal weight shall be in contact with
the necessary thickness of prepreg sheets to have good layer registration without inside
delamination or air entrapment.

b) The Bond Strength and Delamination conductor test pattern shown in Figure 10.1 shall be
included in the internal patterned conductor layers and on both the external patterned conductor
layers. The internal patterns shall mirror the external conductor pattern. Internal conductor widths

are to vary as needed for the metal weights or thicknesses employed but shall not be narrower than

the ex

c) The

and internal conductor layers.

d) At
produg
multilg
test s&
weight
secon
build
used i

e) Thg

ernal conductor width.

largest unpierced conductor area to be used in production shall be in€luded ¢

past one internal patterned conductor layer shall contain the maximum metal
tion. If the maximum internal metal weight cannot be ascommodated by
yer construction build up described in 17.5, a second set ef Bond Strength ang
mples shall be provided. The first set of samples shall.contain the maximum
that can be accommodated by the minimum multilayer build-up describeg
j set of Bond Strength and Delamination test samples shall contain the minin
p construction that can accommodate the abselute maximum internal metg
n production.

external conductor layers shall consist\of the minimum metal weight used ir

the ini

as clope as possible to 33 p (1 0z/ft?) to-aid the bond strength pull. When external
heavidr than 102 u (3 oz/ft?) are used‘if-production, an additional set of samples fabr

maxi

f) Eac
The tq
excee
interng
each g

g) Chr
alkalin

ial minimum external metal weight isdess than 33 p (1 0z/ft?), the conductors

um external metal weight to be-used in production shall be provided.

generic laminate material layer shall be in contact with each generic prepreg

] the minimum production thickness plus the thickness of two or the minim
| patterned conductor layers, whichever is greater. If constructed as shown in
repreg layer.shall be subjected to Bond Strength testing as shown in Section 2

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

n the external

veight used in
the minimum
Delamination
internal metal
in 17.5. The
hum multilayer
| weight to be

production. If

shall be plated
metal weights

cated with the

material layer.

tal build up of the_multilayer laminate Bond Strength and Delamination sanpples shall not

um number of

Figure A.1"c",
8.

bther acidic or
furic.

23.7 The construction of multilayer flammability samples shown in Figure A.T ™" or Figure A.1 "c" shall

be as follows:

a) The build-up shall include the thinnest individual base material and bonding sheets. The build-up
thickness shall be the minimum total thickness that would result from two or the minimum number
of etched conductive layers of the minimum internal metal weight. The flammability sample build up
shall be the same build up as the Bond Strength and Delamination samples — the same individual
sheet thickness, quantity and position in the buildup of the laminate and bonding sheets/prepreg
plies — minus the copper. If the PWB is being evaluated for “Flammability Only,” the construction of
the samples shall represent actual production printed wiring boards.

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 base material layer.
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c) All metal shall be etched from internal and external surfaces.

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

24 Data Collection
241 The conductor width shall be determined by measuring the contact or interface area of the

conductor material to base material. See Figure 24.1, Figure 24.2, and Figure 24.3 showing measurement
examples. Each of the following conductor widths shall be determined:

a) A midboard conductor having the minimum average width on the sample;

b) A 1.6 mm (0.062 inch) width conductor;

¢) An gdge conductor having the minimum average width within 0.40 mm (0.015"inch) of the board
edge apd not sheared at the board edge, except as described in 10.8.1. Ifthe edge cpnductor does
not megt the criteria and/or is not included on the sample, a conductor’of other width (d) specified
by the fabricator shall be tested; and

d) A midboard/non-edge conductor of "other" width (optional)“specified by the fabricator. The
"other"|width conductor is optional unless the edge conducter does not meet the driteria in 10.8
and/or js not included on the sample test pattern.

Figure 24.1

Measuring Conductor Trace Average Width (Top-View)

___ 4 Conductor

S5083

Figure 24.2

Measuring Conductor Trace Average Width (Cross Section-View)

— _‘//Conductor
<4— Base
J A L J B L J C L Material

S5082
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Figure 24.3

Measuring Conductor Trace Average Width (Cross Section-View)

e

»Die

S5084

24.2 In case
the conducto
materials sha

24.3 Them
conductor ar¢g

244 Thee
on the sampl
shall be deter
bond strength

245 For m
(weight) shall

24.6 The bu
sample thickn
paste adhesig
measuring th

s where the contact or interface area of the materials)cannot be viewed fronj
- dimensions, (see Figure 24.3), the average contact or interface area of
| be used to measure the conductor average width:

above due to
the separated

bximum area conductor diameter shall be‘determined on the sample test paftern. Alternate

a diameters shall also be determined if necessary for the test method.

ernal conductor thickness (weight) including foil thickness and plating shall

be determined

test pattern. In addition, the external conductor foil and conductor surface plating thickness

mined on the sample test pattern to verify the total conductor thickness is app
pull.

iitilayer sampleswith internal conductor test patterns, the internal condu
be determined for-each internal conductor layer.

ild up thickness of the uncoated flammability sample shall be determined by
ess on\the sample. The build up thickness of the bond strength, delaminati
n, dielectric crossover (withstand), and silver migration test samples shall be

opriate for the

ctor thickness

measuring the
bn, conductive
determined by

e\ sample thickness where no conductor material resides on the internal

and external

surfaces of th

e Sample construction.

247 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 and widths.

24.8 Visual examination of the test sample shall be used to determine uniformity of the conductor pattern
parameters, overall sample build up thickness and solder resist thickness. If sample uniformity is suspect,
three thickness measurements of the parameter in question shall be made in separate areas on the
sample in accordance with the instructions above.
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25 Microsection Analysis

25.1 General

25.1.1 The purpose of the microsection examination is to evaluate and determine compliance of the
materials, construction, and test pattern of the printed wiring board with the applicable standard and test
method sample coupon construction requirements. The same basic procedures may be used to evaluate
other areas of the sample.

25.1.2 Guidelines 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 Method, IPC TM-650 2.1.1.

25.2 Test samples

25.2.1 The nicrosection samples shall be cut from the printed wiring board or\téest cougon to include

representative
samples must
routers, and {
clearance to p
(0.1 inch). Ds
choosing a mi

25.2.2 Samp
shall be deterr]

25.2.3 Samp
and residue fi
important for g
between the s

25.2.4 Samp
sample shall §
mounting surf;

areas of the parameters to be measured. This may require ‘multiple micn
maintain required traceability. Three common types of cutting tools are di
unching dies. Samples shall be cut perpendicular to thekevaluation surfacg

pending on the printed wiring board or test coupon“design care shall be]
Crosection location such that a complete examination can be made.

les sizes are generally not more than 12 to 25 mm (0.5 to 1.0 in.) square. The
hined for convenience in handling during polishing.

les shall be cleaned thoroughly withGsopropy! or ethyl alcohol to remove all
pm the cutting tools. Dry the sample thoroughly. Cleanliness during sample
ood adhesion of the mounting*resin. Poor adhesion of the mounting resin cq
bmple and the mounting material which make proper examination difficult.

les shall be mounted prior to grinding and polishing in a castable resin/potting
tand in the mount ring*perpendicular to the base with the surface to be evalug
ce. A release agent may be applied to the plate and mounting rings, as applic

posections. All
amond saws,
with enough

revent damage to the examination area. The recommended minimum clearafce is 2.5 mm

exercised in

sample height

greases, oils,
preparation is
n cause gaps

material. The
ted facing the
able. Clips or

tape may be uped to suppott the sample until the potting material is cured, as applicable.

25.2.5 The mounting mold shall be filled with potting material carefully to reduce bubbles
material. Allow samples to cure and remove mount mold.

in the potting

25.2.7 The samples shall be rough planar ground using 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
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.

25.2.8 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
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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 contamination by grinding particles.

25.2.9 Polish the samples to remove the scratches from intermediate steps. Diamond polish is preferred.
Smearing of the printed wiring board material or potting material may occur if lubrication levels are too low
or if excessive load is used during grinding. Increase or change the lubricant and reduce the applied load

to reduce smearing.

25.3 Micro-

25.3.1
examination @

25.3.2 The
solution and
solution of red
1:1 ratio solut

etching the sample surface

When the required microsection quality has been achieved, the sample shall be etched to allow

f the copper foil and plating interface.

btching solution shall be prepared daily and is a mixture of 7 drops Ammon
9 drops Hydrogen Peroxide solution. The Ammonium Hydroxide(solution

25.3.3 The ¢tching solution shall be applied for 2 to 3 seconds. If necessary, repeat the ap

etchant 2 to
etchant.

Note: Over etch|
evaluation. Thin

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

Ing may obscure the demarcation line between the copper foil and electroplate copper, pr
opper foil and special plating processes require the etching time to be modified.

25.4 Materigl and test pattern parameter examination

2541 The
illumination. K
confirm thickr

2542 Al p
limited to, ov
number and t

26 Thermal
26.1 Purpo

26.1.1

microsection sample shall be evaluated at a minimum 100X magnification w
Foil thickness less than 12.5\mic shall be evaluated at a minimum 200X m
ess.

Arameters required. by the standard shall be measured and observed incl
erall construction build up thickness, laminate layer thickness, bonding la
nickness of reinforcement layers, conductor thickness (weight), conductor base

Stress/Test

=

um Hydroxide
is a 1:1 ratio

gent grade Ammonium Hydroxide and deionized water. The Hydregen Peroxidle solution is a
on of stabilized Hydrogen Peroxide (3 percent by volume) and deionized watef.

plication of the
ter to remove

venting accurate

ith bright field

agnification to

ding, but not
yer thickness,
width, etc.

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

production boards exposed to assembly soldering. See Table 26.1 for the test methods to be conditioned
using the thermal stress test. There shall be no wrinkling, cracking, blistering, or loosening of any
conductor or any delamination in the PWB sample or production board as a result of the thermal stress
test.
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Table 26.1
Test Methods Requiring Thermal Stress Test

Test Section

HDI thermal cycling bond strength

Flammability 27
28
29
33

34

Bond strength
Delamination

Conductive paste adhesion

26.2 Appara

tus

26.2.1 Themn

Reflow|
toleran

unifornjity of temperature across the sample due to the susceptibility of the materi

absorp

26.2.2 Themn
processes:

a) Cor
introdu

b) San
bed, a
shall b
adhere

c) Sold
so the
solder

26.3 Procedure

26.3.1 Allsa
to being subje

mples are)to be conditioned at 121°C +2°C (250°F +3.6°F) for a minimum of 1

nal stress reflow conditions shall be conducted using the following apparatus:

Oven — The reflow system shall have adequate environmental éontrols to
ce range and limits in the designated reflow profiles. IR reflow, fequires at

fion.

nal stress shall be conducted using one of the apparatus specified below for o

vection Oven — Attention shall be directedito ' maintaining the test tempe
cing and removing the samples into and fronvthe oven chamber.

] Bath — Attention shall be directed to the uniformity of temperature throughou
nd avoid mechanical damage impésed by an inadequately fluidized sand b

S to the sample.

er Pot — Attention shall be directed to the samples when removing them from

esist or excess solderon conductor traces.

cted tothermal stress unless specified otherwise by the PWB fabricator.

maintain the
tention to the
als to infrared

ther soldering

brature, when

t the fluidized
ath. Samples

e prepared to prevent adhesion of sand. Samples shall not be tested for flammability if sand

the solder pot

solder does not join with the conductor traces. Samples shall be prepared so as not to have

.5 hours prior

26.3.2 Therr

Tat-stressshatt-beconducted-withim SO minutesafter removat fronrthe1t21°C +2°C (250°F

13.6°F) oven. If not conducted within 30 minutes, the samples shall be stored in a desiccator to prevent

moisture abso

rption.

26.3.3 All samples shall be subjected to reflow soldering conditions or equivalent process specified by
the PWB fabricator. The standardized thermal stress conditions described in Table 26.2 shall be used for

this investigati

on.
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Table 26.2
Sample Thermal Stress Standardized Conditions

Assembly process :)\lz)l((irt'::nr: Dwell time Cycles
Reflow 260°C, 245°C or 230°C T IPC TM-650 2.6.27 X
(default 260C) (default 6)
Reflow Special T2 t2 plus profile conditions X
Wave / Selective soldering T3 t3 X

Notes:

1 — Default reflow conditions are 260°C peak temperature and 6 cycles. PWB fabricator shall specify alternate conditions if
necessary for the thermal stress test.

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

3 — Reflow Spegial — Unique conditions defined by PWB fabricator for ramp rate (R1), cooling rate (C1), peakjtemperature (T2),
dwell time (t2) gnd cycles (X).

4 — Wave / Selective — The peak temperature (T3) and dwell time (t3) shall be specified.
5 — The peak temperature shall be measured on the board surface.
6 — See reflow grofile figures referenced in IPC TM-650 2.6.27.

26.3.4 PWBs for use with reflow assembly processes shall bé\thermally stressed usipg one of the
standardized | profile conditions Reflow 260°C, Reflow 245°C;, Reflow 230°C or Spegial Reflow in
accordance with IPC TM-650 2.6.27. The thermal stress maximum temperature and maximym cycles shall
be specified by the fabricator. The Reflow 260°C profile using six (6) cycles shall be the default thermal
stress unless [specified otherwise.

26.3.5 PWSBss for use with wave solder and/or selective soldering assembly processes shgll be thermally
stressed using the maximum temperature, maximum time, and maximum cycles spegcified by the
fabricator. Ong (1) cycle shall be the default unless specified otherwise.
26.4 Retests

26.4.1 A refest is to be perormed when a change in thermal stress is desired to| increase the
temperature, flwell time and/er number of cycles. See assembly soldering process (solder liits), 10.13.

27 Flammability

271 Generrl

27.1.1  Flammability classifications of the printed wiring board shall be determined in accordance with the
Standard for Tests for Flammability of Plastic Materials for Parts in Devices and Appliances, UL 94. An HB
flammability classification can be extended to the printed wiring board without test when the base material
used to fabricate the board is flammability classed HB or better.

27.1.2 The flammability classification to be assigned to a printed wiring board can be V-0, V-1, V-2, or
HB. The printed wiring board may not receive a better flammability classification than the base material,
when coated samples are tested.

27.2 Samples

27.2.1 Samples for vertical flammability testing specified in 27.1 are to be 125 mm (5 inches) long by 13
mm (0.5 inch) wide in the minimum thickness to be used in production. After any cutting operation, care is
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to be taken to remove all dust and any particles from the surface. The cut edges are to have a smooth
finish, and the radius on the corners is not to exceed 1.3 mm.

27.2.2 The samples are to be subjected to the all same production operations as the printed wiring board
they represent, except that all of the conductive material is to be removed by etching.

27.2.3 Multilayer flammability test samples are to have all conductive material removed from both
internal and external planes.

27.2.4 When a coating, such as solder-resist, antioxidant, or paint, is to be used in production, additional
individual sets of samples shall be provided containing the applied coatings.

27.3 Conditioning

27.3.1 Unless the printed wiring board is intended for hand soldering only, the flammability test samples
shall be subje¢ted to the thermal stress conditions described in Section 26.

27.3.2 The flammability test samples are to be preconditioned as described\in the Standard for Tests for
Flammability df Plastic Materials for Parts in Devices and Appliances, UL‘94.

Exception: Asl an alternative to the preconditioning in an oven for)168 £2 hours at 70 P °C, the test
samples can He preconditioned in an air-circulating oven for 24 ¥ hours at 125°C £2°C.

27.3.3 Once|samples are removed from the pre-conditioning environment, samples shall b¢ tested within
30 minutes or fhe specified time period.

28 Bond Strength
28.1 After thermal stress

28.1.1 Following the test in Section 26/ Thermal Stress, for foil-type conductors, the averape strength of
the bond betwgen the printed wiring.and the base material shall not be less than:

a) 0.3p0 N/mm (2 Ibffinch) of width for each individual conductor, for the average pond strength
determjned in accordance with 28.2, after being subject to thermal stress; and

b) 0.350 N/mm (2 Ibf/inch) of width for each individual conductor, for the average bond strength
determjned in-accordance with 28.3, after being subject to thermal stress and 240- Hours (10 day)
oven cpnditioning; or

c) 0.175 N/mm (1 Ibf/inch) of width for each individual conductor, for the average bond strength
determined in accordance with 28.3, after being subject to thermal stress and 1344-hours (56 day)
oven conditioning.

28.2 Asreceived

28.2.1 Four samples constructed as described in Section 23 shall be used to determine the average
Bond Strength. The average Bond Strength shall be determined on a minimum of three conductors.
Additional conductors of other widths may not be necessary for testing unless requested by the fabricator.
A separately formed or plated contact is to be tested unless it is constructed at least 3 times wider than the
minimum conductor width on the printed wiring board. Each of the following conductor widths shall be
tested:

a) A midboard conductor having the minimum average width on the sample;
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b) A 1.6 mm (0.062 inch) width conductor;

¢) An edge conductor having the minimum average width within 0.40 mm (0.015 inch) of the board
edge and not sheared at the board edge, except as described in 10.8.1. If the edge conductor does
not meet the criteria and/or is not included on the sample, a conductor of other width (d) specified
by the fabricator shall be tested; and

d) A midboard/non-edge conductor of other width specified by the fabricator. The other width
conductor is optional unless the edge conductor does not meet the criteria in 10.8 and/or is not
included on the sample test pattern.

28.2.2 Peel a uniform width of the conductor from the sample surface for a distance of at least 6.4 mm
(0.25 inch) atra—uniform-rate-of-approximately300-mmimin inches/min)-{orapproximately 6.4 mm or
0.25 inch in terial is to be
maintained af not less than 85 degrees during the test, and the force required to separate|the conductor
from the laminate is to be measured. Three force determinations are to be made on each cgnductor width,
as described gbove, on each sample.

Exception: Ag an alternative to using three force determinations, one force ‘determination cgn be made on
each conductpr described in 28.2.1 on each sample tested by peeling auniform width conductor from the
sample surfage for a distance of at least 19 mm (0.75 inch).

28.2.3 The average bond strength (average force/average width) shall be determined by establishing the
average force required to separate the materials, and dividing'the average force by the contact or interface
average width (i.e., conductor average width, or intercopnect construction average width) in the tested
length of matgrials. See Figure 28.1.

Figure 28.1

Determining Average Bond Strength from the Average Force

Force (unit of force) /\ Average
Average Force s A A A <4 Bgnd Strength

7=14mm
—pi(0:275=0.55m) [q— A\

s1291 Length of Bond Strength Pull (units of length)

28.3 10 day and 56 day oven conditioning programs

28.3.1 Following the test described in 28.1 and 28.2, two of the four test samples are to be placed for
240 %2 consecutive hours (10 days) in a full-draft circulating-air oven that complies with the Standard
Specification for Forced-Convection Laboratory Ovens for Evaluation of Electrical Insulation, ASTM
D 5423, maintained at a temperature determined by the following formula:

t, = 1.076(t,+288) — 273
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in which:
t, is the 240-hour (10-day) program oven temperature in °C, and

t,; is the desired maximum operating temperature rating of the printed wiring board in °C.

See Table 28.1 for the 240-hour (10-day) program oven conditioning temperatures.

Table 28.1
Oven Conditioning Temperatures for the Desired (or Established) MOT
t;, Desired (prestablished) MOT ;. Oven temperature (°C) for t; Oven temperature (°C) for
(°C) 240-hour (10-day) oven conditioning 1344-hour (56-day) oven conditioning
75 118 98
80 123 103
85 129 108
90 134 113
105 150 128
120 167 144
125 172 149
130 177 154
150 199 174
155 204 179
160 210 184
170 220 195
175 226 200
180 231 205
NOTE — The tenpperatures represented by t, and t; are calculated based on the formulas in Clauses 28.3.1 and 28|3.2
respectively, with the conditioning values rounded up tothe next whole integer.

28.3.2 An alternate 1344-hour (56-day) oven conditioning program may be used if the fabricator
anticipates that the higher test temperature and increased Bond Strength test requirements of the 240-
hour (10-day) pven conditioning-program will be too severe for the printed wiring board. Follpwing the test
described in 2B.2.1, the twdremaining (of the four) test samples are to be placed for 1344 +P consecutive
hours (56 days) in a fall-draft circulating-air oven that complies with the Standard Specifications for
Forced-Convegction Laboratory Ovens for Evaluation of Electrical Insulation, ASTM D 5423, |maintained at
a temperature|determined by the following formula:

;= 1.02(7, T 288) 273

in which:
t; is the 1344-hour (56-day) program oven temperature in °C, and
t, is the assigned temperature rating of the printed wiring board in °C.

See Table 28.1 for the 1344-hour (56-day) program oven conditioning temperatures.

28.3.3 After being conditioned as described in 28.3.1 and/or 28.3.2, the two test samples are to be given
time to cool to room temperature and are to be tested again as described in 28.2.
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28.3.4 There shall be no wrinkling, cracking, blistering, or loosening of any conductor, or any
delamination of the laminate and/or prepreg materials, after either the thermal stress or oven conditioning.

28.3.5 When conductor embrittlement of unaged samples is such that a measurement of bond strength
cannot be made, the conductor is to be manually evaluated by prying up an end of the conductor with a
tool, and then prying up a conductor of an oven-conditioned board in the same manner, thus comparing

the initial to th

29 Delamin

291

e final bond strength.

ation and Blistering

The purpose of the Delamination and Blistering test method is to assess physical fatigue of the

PWB exposed to the anticipated production soldering temperatures and anticipated service temperatures

via elevated t

29.2 Four s
conditioned a
There shall b
base material

30 Thermal

30.1

humidity. Th
delamination

30.2 Samplgs for the Dissimilar Material Delamination (Section 31), Conductive Paste Adh

33), and the T
following env
chamber sha
set at the cha

1) 48 A
the ma

2)64 4
3) 8 +1
4)64 4

The th
thermal cyclirIg environments, including thermal conditioning,water immersion, cold conditi

bmperature conditioning.

amples constructed as described in Section 23, Figure 10.1 and ‘Rigure

10.3 shall be

5 described in the Thermal Stress, Section 26, and the oven conditiofiing in 2§

and/or bonding layer after either the thermal stress or oven cenditioning.
Cycling Test
rmal cycling test is designed to investigate the physical fatigue of PWB samp

re shall be no wrinkling, cracking, blistering, or loosening of any con
Df the base material and/or bonding layer as\a result of the thermal cycling test

hermal Cycling Bond Strength and"Delamination test (Section 34) shall be con
ronments for three cycles. The-schedule in Table 30.1 or a programmabl
| be used. The programmable chamber shall have the software ramp rate ar
mber maximum limitationforrapid rates.

2 hours at 10°C £2°C\(18°F +£3.6°F) above the maximum operating temperatu
nufacturer,

2 hours at 35%C +2°C (95°F £3.6°F) at 90 £5 percent humidity,
hours @t 0°C - 2°C (32°F - 3.6°F), and

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

.3.1 or 28.3.2.

e no wrinkling, cracking, blistering, or loosening of any conductor'or’any delamination of the

es exposed to
bning and high
juctor or any

lesion (Section
ditioned at the
e conditioning
d cooling rate

re specified by

Table 30.1
Thermal Cycling Scheduling to be Used With a Manual Process

Day Time 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.)

Table 30.1 Continued on Next Page
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Table 30.1 Continued
Day Time Conditioning
Day 6 7:00 AM Out of H.C. — Into Freezer @ 0°C
Day 6 3:00 PM Out of Freezer —into H.C. @ 90% R.H.
Day 7 - (InH.C.)
Day 8 - (InH.C.)
Day 9 7:00 AM Out of H.C. — end of cycle
Note:
Day 1 — 9 represents one cycle of the environmental thermal cycling.
All times may-be-adjusted-r-equalner te-to-reflost-alaterstarting-tme-
Samples shpll be stored at 23 +2°C (73.4 £3.6°F) and 50 percent R.H. between cycles.
T = Maximum Operating Temperature (MOT) of Printed Wiring Board.
Tl = Thermgl Conditioning Temperature.
HC = Humidity Chamber.
31 Dissimilar Dielectric Material Delamination Test
31.1 The purpose of the dissimilar dielectric material delamination test method is tp assess the

compatibility of

31.2 Three {
conditioned ag
blistering, or Ig
a result of the

f generically dissimilar dielectric materials used in.the PWB construction.

amples constructed as described in Section 23, Figure 10.1 and Figure

10.3 shall be

described in the Thermal Cycling Test, ‘Section 30. There shall be no wrink
osening of any conductor or any delamination of the base material and/or bo
hermal cycling testing.

32 Plating Adhesion

32.1 After arf
there shall be
the pattern pal
adhere to the
Strength, Sect

32.2 A steel
2000g+50¢g

unaged sample, not subjected to thermal stress, is tested as described in 3
no evidence of the_protective plating or the conductor pattern being removed
rticles adhering t6 the tape. If small particles of metal from the edge of the cq
tape, it may be_évidence of overhang and not of unacceptable bond streng
on 28.

roller.80-mm +2.5 mm (3.25 inch) in diameter, 45 mm +£1 mm (1.75 in) wide,
4.5 pounds) covered with rubber approximately 6 mm (0.25 in) in thickness sh

this test.

ing, cracking,
hding layer as

2.4 and 32.5,
as shown by
nductor trace
th. See Bond

and weighing
all be used for

32.3 Pressure sensitive cellophane tape, 13 mm (0.5 inch) minimum width, with an adhesion of 0.38
1+0.055 N/mm (35 x5 ounces per inches) as determined by the Standard Test Method for Pressure-
Sensitive Adhesive-Coated Tapes Used for Electrical and Electronic Applications, ASTM D 1000, shall be
used for this test.

32.4 A strip of pressure-sensitive cellophane tape is to be pressed onto the surface of the printed wiring
board conductor pattern using the steel roller described in 32.2. The roller shall remove all air bubbles so
that the length of tape that is securely attached to the test pattern is a minimum of 50 mm (2 inch). The
tape is then to be mechanically removed by gripping one end and pulling it off at an angle of 90 degrees at
a rate of 305 mm per minute (12 inches per minute). The pressure sensitive tape shall be compatible with
the printed wiring board materials and not adversely affect the materials.
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32.5 The tape is to be applied and removed at three different locations on the sample with fresh tape
being used for each application. The locations on the sample should incorporate the different conductor
constructions.

33 Conductive Paste Adhesion Test

33.1 The purpose of the conductive paste adhesion test method is to assess the physical fatigue and
adhesion of conductors made with conductive paste or polymer thick film to base material, other conductor
material, and other insulation material in the PWB construction. The conductive paste adhesion test is
performed following exposure to environmental stresses represented by thermal cycling conditioning. The

thermal cyclin

g includes thermal conditioning, cold, and high humidity environments.

33.2 Three
Samples, Fig

samples shall be constructed as described in 10.3,Conductive Coating; Se
bre 10.1 and Figure 10.3. Conductive paste is to be applied on each surfa

production pirinted wiring board (such as laminate, copper, solder resist, or dielectric

conductive pe
resist and/or (

33.3 Samplgs shall be first subjected to the thermal stress conditions,described in the T|

Test, Section

ste is to be tested on each generic metal, each dissimilar laminate-faaterial a
ndercoat material.

26, and then conditioned as described in the Thermal Cycling Test, Se

ction 23; Test
te used in the
material). The
nd each solder

hermal Stress
ction 30. The

conductive cgating adhesion shall be tested as described in 32.3; 32.4 and 32.5. Thefe shall be no

evidence of th

34 HDIPWB Test Methods

34.1

3411
materials with

34.1.2 The

material shall
Tubing, Vulca
show evidenc

34.2 HDI Vertical flammability evaluation

34.2.1 Twer

General

The purpose of the HDI PWB test methods is to assess the compatibility of unreinfq

e conductor pattern being removed.

core and/or prepreg materials tsed in the PWB construction.

Hielectric material used(as*insulation between conductors not separated by
comply with the Standard for Polymeric Materials — Industrial Laminates, Fi
nized Fibre, and Materials Used in Printed Wiring Boards, UL 746E. The HDI
e of cracking, or-delaminating when subjected to the tests described in this seq

ty samples, each constructed in accordance with Figure 34.1, examples a

subjected to t

rced dielectric

any laminate
lament Wound
PWB shall not
tion.

— d, are to be

ne Flammability evaluation as described in Flammability, Section 27.
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Figure 34.1
Flammability Sample Constructions Example
minimum layer thickness maximum layer thickness
and minimum number of layers 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
maximym layer thickness minimum _-jayer thickness
and maximum number of layers and maximdm’ number| of layers
0.08mm (3 mil) 0,05mm (2 mil)
0.08mm (3 mil) 0.05mm (2 mil)
0.08mm (3 mil) 0.05mm (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

S4352A

Note:

Each Solder MasH shall be tested. All combinations (coated and uncoated) are requested at the start of the test program.

All four uncoated gonstructions shall be\tested at the start of the program.

Each Figure 34.1 [a) and (c) coated constructions shall be tested.

Figure 34.1 (b) and (d) coated\constructions may be tested depending on the performance of the Figure B4.1 (a) and (c)

constructions.
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34.2.2 The example in Figure 34.1 represents the Flammability Test samples required for an application
using minimum and maximum HDI Material thicknesses of 0.05 mm (2 mils) and 0.08 mm (3 mils),
respectively, and minimum and maximum number of HDI Material layers of 1 and 3, respectively.

34.3 HDI Bond strength, delamination and blistering evaluation

34.3.1 Six samples containing foil-type or clad conductors and constructed as described in Figure 10.1
and Figure 34.2, are to be subjected to 10 and/or 56 day conditioning Bond Strength, Delamination and
Blistering evaluation described in Bond Strength, Section 28 and Delamination and Blistering, Section 29.

Figure 34.2

Bond Strength Construction Example

A Layer B
Minimum Cu 1 Midimdm Cu
. . Least Amount of HDI Materiql needed
Minimum HDI Material 2 for the Maximum Cd
Most Amount of Cu .
Usefl w/Minimum HDI material 3 Maximum Cu
Ay HDI Material Thickness 4 Any HDI Material Thickngss
Any Cu thickness* 5 Any Cu thickness*
i : Least Amount of HDI Materidl needed
Minimum HDI Material 6 for the Maximum._ Cd
Most Amount of Cu .
Usefl w/Minimum HDI material 7 Maximum Cu
Minimum core 8 Minimum core
Any Cu thickness* 9 Any Cu thickness*
Ay HDI Material Thickness 10 Any HDI Material Thickngss
Any Cu~thickness* 11 Any Cu thickness*
Ay HDI Material Thickness 12 Any HDI Material Thickness
Any Cu thickness* 13 Any Cu thickness*
Any HDI Material Thickness 14 Any HDI Material Thickness
Minimum Cu 15 Minimum Cu

S4351

* Not to exceed Maximum Copper Thickness, and

# Layers 4 & 5 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 34.2 constructions A and B shall be constructed with the Maximum number of layers on each side.
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34.3.2 Three samples containing foil-type or clad crossover conductors and constructed as described in
Figure 10.1 and Figure 34.2, shall be first subjected to the thermal stress conditions described in Section
26, and then shall be conditioned as described in the Thermal Cycling Test, Section 30. There shall be no
wrinkling, cracking, blistering, or loosening of any conductor or any delamination of the base material
and/or bonding layer as a result of the thermal cycling testing. Following conditioning, the boards are to be
subjected to the bond strength evaluation outlined in 28.2. The average thermal cycle bond strength
between the printed wiring and the base material shall not be less than 0.175 N/mm (1 Ibf/inch) of width for
each individual conductor described in 28.2.

34.3.3 Three samples containing paste-type crossover conductors, constructed as described in Figure
10.1 and Figure 34.2, are to be evaluated in accordance with the Conductive Paste Adhesion test, Section
33. There shall be no evidence of the conductor pattern being removed.

35 Silver Migration Test
35.1 Generdl

35.1.1 Five §amples shall be prepared as shown in Figure 35.1 for the silver,migration tesf. The sample
thickness shall represent the minimum board thickness. Samples shallcbe-double-sided unless a single
sided construgtion is requested. A single-sided sample is not considered as representativg of a double-
sided sample.



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

SEPTEMBER 8, 2022 UL 796

67

Figure 35.1

Test Pattern for the Silver Migration Test

SILVER CONDUCTORS

INSULATED
TEST LEADS
95mm (3—-3/4 inches) ——— =  610mm
APPROXIMATE (24 inches)
A ,/ | |
' I — \. \.
o B] ]
O - —
1Y | ] e—l0CC
£ p= { [
i | ||
e < B — | |
D
S3621C
NOTES:
A is the minimum spacing anticipated for a given voltage.
B and Clare secondary spacings to be'put on the test sample in the event the minimum spacing fails.
Spacing B is greater than A.
Spacind C is greater than B.
Spacing D is 0.3 mm(0:012 in).

Minimurp and secordary spacings are to be determined by the fabricator.

The min

mum board thickness shall be used.

Traces shall be 0.3 mm (0.012 in).

When production always employs a permanent coating (such as solder resist) over the silver, the test samples shall also be
coated with the same material.

Uncoated sample represents coated samples.

Samples are to be double-sided.
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35.1.2 The sample conductor widths shall be 0.3 mm (0.012 in) and coated with the silver material to be
evaluated as outlined in 10.2, Silver Conductors.

35.1.3 The samples shall contain the minimum conductor spacing anticipated for a given voltage
determined by the fabricator. Secondary spacings can be included on the samples in the event the
minimum spacing receives non-compliant results. The samples shall also contain a standard spacing of
0.3 mm (0.012 in).

35.1.4 The samples shall contain insulated lead wires approximately 12 inches long attached for the
purpose of energizing the samples. The insulation on the lead wires should remain as close as possible to

the attachmen

t site to prevent shorting.

35.1.5 The §
energized at §
intended for A

35.1.6 When
different coatir

35.2 Procedure

35.2.1 Prior
withstand test
is to be increa

35.2.2 Inthe
shall be deterr

35.2.3 Testin

35.24 The {
percent relativ|

3525 A1/8
shorting of the|

35.2.6 At thd
kept at 23°C 4

amples are to be wired to permit adjacent conductors representing minimum
DC potential equal to the anticipated voltage rating for the board. When,
C application only, then an AC voltage equal to the anticipated voltage is)to' be

a permanent coating is used to retard silver migration, a set of samples incorn
g shall be submitted. Uncoated samples represent coated samples.

lo starting the test, the samples are to be subjected for 60 seconds to a die
of 1.6 kV/mm (40 volts/mil) of minimum spacing-t6-a maximum of 1000 V, whe
bed at a rate such that the final target withstandwoltage is reached within 15 +§

above testing, a DC voltage is considered representative of an AC voltage.
hined using the following formula: ACwalue = 0.707(tested DC voltage).

g with an AC voltage will not represent a DC voltage.

amples are to be placed jin a humidity chamber held at 35 £2°C (95 £5°F
e humidity, and energized at the requested voltage rating for 1344 12 hours.

amp, non-time delay fuse shall be incorporated into the circuit as a means
circuit due toithe migration of silver.

conclusion of the conditioning, the samples are to be removed from the test
P°C.(73.4°F £3.6°F) and 50 percent relative humidity for 48 £2 hours.

spacing to be
e boards are
applied.

porating each

ectric voltage
re the voltage
seconds.

The AC value

at 87.5 £2.5

bf detecting a

chamber and

35.2.7 Then each board is to be examined visually with 10X magnification for any signs of silver

migration.

35.2.8 After the visual examination, a second dielectric voltage withstand test as described in 35.2.1 is to

be performed.

35.3 Results

35.3.1

will be assigned, if:

Results are determined to be in compliance and a minimum spacing and maximum voltage rating

a) No signs of silver migration are detected following the conditioning described in 35.2.1;

b) Dielectric breakdown does not occur. and
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c) Opening of the fuse does not occur.
MARKINGS
36 General

36.1 Where there is sufficient space as defined in 36.2, each printed wiring board shall be plainly and
permanently marked, such as by etching, printing, solder mask marking, or nonconductive ink printing, or
screening, to insure traceability between materials, the manufacturing history, and to identify the
manufacturer with the manufacturer's name, trademark, or authorized initials or symbols by which the
organization responsible for the product is identified, followed by a catalog type, or code number or
equivalent designation, to indicate that it has been tested for flammability and when applicable bond

strength. Conductive markings, such as etched copper, shall be considered as elect

(unconnected
the end produ

36.2 With re
sufficient leng
marking sped|
sufficient spa
which the bog

36.3 When

a distinctive marking (such as a code) by means of which\it is identified as the product

factory. The f3
36.4 All mar

36.5 A sing
constructions

36.6 The sz
employing di
conductive m

operating tenmpperature, minimum external copper weight, and soldering time and tempe

same.

36.7 A print
material is ng

conductive part) of the circuit and shall not reduce the electrical spacing ré
ct.

gard to 36.1, sufficient space is defined as a space at least 2.5'mm (0.1 ing
th to accommodate the marking. When there is not sufficient_space to acc
fied in 36.1, the marking shall be marked on the smallest.unit container. Wh
ce to accommodate the marking, the marking may be marked on the frame
rd is attached, if the board will remain in the panel construction when shipped.

brinted wiring boards are produced at more thanone factory, each finished bg

ctory marking shall be part of the markings-described in 36.1.

king components described in this section shall be in close proximity to each o
le layer board shall have a*type designation that distinguishes it fron
me designation within a given board construction can be used for printed

fferent materials, ‘different material minimum thickness(es), manufacturin
aterials, or adhesive, only when the pattern limits, maximum unpierced cq

bd wiring board that is identified by an individual type designation for each
t.required to have an additional marking to identify its flammability rating. T|

fical elements
uirements for

h) high and of
bmmodate the
en there is not
bf the panel to

ard shall have
of a particular

her.

other board

wiring boards
g processes,
nductor area,
rature are the

different base
he board type

flammability c

locoifinatinn o fHfiad n tha maoeleina anth \/ A \/A \/ 4 \/4 \/ D \/D
U, vV, v, v

H 1 41 v ha idan =V~
raoSmCatUTr T Thay ot IGCT e U thC T arKkmg vt v-U;,— v z, v,

TM-0, VTMO,

VTM-1, VTM1, VTM-2, VTM2 or HB to reflect the board’s applicable flammability classification.

36.8 After testing, when it is found that flammability classifications of different grades or families of base
materials (previously identified by one printed-wiring type designation) are different, each base material
shall be identified by assigning a new unique type designation.

36.9 Printed wiring boards investigated to determine the flammability classification only shall be
identified by assigning a new unique type designation.

36.10 A printed wiring board identified as acceptable for the direct support of current-carrying parts (see
9.3, Direct Support) shall be marked on the printed wiring board with the symbol + or shall have a unique
type designation limited to such printed wiring boards.
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36.11 The unique comparative tracking index (CTI) performance level category (PLC) is dependent on
the CTI PLC of the base material used to produce the board and shall be marked on the board as an
optional rating to facilitate OEM selection of printed wiring boards for applications in which the CTI rating is
significant. If more than one base material is used in the board, the CTl PLC of the unique board type is
permitted to reflect the base material with the least favorable classification.
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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 Scope

SA1.1  This Supplement describes the manufacturer's production program necessary to verify that the
product continues to be in compliance with the requirements in this Standard.

SA1.2 This Bt entative of the

Certification Qrganization.

SA1.3 Recognizing that manufacturers are required to have quality assurance systems i
control of theif production processes and products, this Supplement only coverscthe' samplir
tests, and other measures taken by the manufacturer and considered to be the,minimum rg
the Certificaion Organization. Such inspections, tests, and measures. are supplem
Certification Drganization as an audit of the means that the manufacturer exercises
conformance pf products with the Certification Organization's requirements.

SA1.4 The |Certification Organization shall have additional)authority specified in I
agreements, fsigned by both the Certification Organization.and manufacturer, to contro
application of|the Certification Organization's registered mark(s) for product, packaging, a
associated lit¢rature. The legal agreements shall cover the control methods to be used by th
Organization |and the manufacturer's options for appeal. Any additional inspections, t
measures de¢med necessary by the Certification Organization but to be taken by the manu

be applied in prder to control the use and application;of the Certification Organization's regis

SA2 Glossary

SA2.1 For the purposes of this Supplément, the following definitions apply.

SA2.2 CERTIFICATION ORGANIZATION — A third party organization independent of thq
who, under g legally binding.‘contract with the manufacturer, evaluates a product for cd
requirements|specified in the/Standard, and who maintains periodic inspection of produ
products to vgrify compliance with the specifications in the Procedure and this Supplement.

SA2.3 FIELD REPRESENTATIVE — An authorized representative of the Certification Org
makes periodjc unannounced visits to the manufacturer's facilities for purposes of conducti

n place for the
g inspections,
pquirements of
ented by the
to determine

egally  binding

the use and
fvertising, and
e Certification
ests, or other
facturer are to
ered Mark(s).

manufacturer
mpliance with
ction of these

anization who
ng inspections

and monitoring‘the manufacturer's production program.

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 Resporllsibility of the Manufacturer

SA3.1 Itis t
products spec
quality assura

he manufacturer's responsibility to restrict the use of the Recognition Mar
fically authorized by the Certification Organization that are found by.the manu
nce program to comply with the Procedure description.

king to those
facturer's own

SA3.2 The npanufacturer shall confine all Recognition Markings to the location or locationg authorized in

the Procedure

SA3.3 Durin
the Field Rep
being produc

J hours in which the manufacturer's facilities are inoperation, the manufactur
esentative free access to any portion of the premises where the printed wiri
, stored or tested.

r shall permit
g boards are

SA3.4 The Hield Representative shall be permitted to’select a sufficient number of printed
representative] of current production, as indicated in the Procedure, for the purposes of the H
Program at the Certification Organization. Thepackaging and shipment of these sa
responsibility ¢f the manufacturer.

SA3.5 A prirfted wiring board that is found to no longer be in compliance with the requir
Certification Qrganization shall be corrécted by the manufacturer if the Recognition Mark is

iring boards,
ollow-Up Test
mples is the

ements of the
fo be used on

er shall check
bmpliance will

the product. If the noncompliance was the result of a manufacturing process, the manufactur
subsequent pfoduction until it is eertain that the process has been corrected and the nonc
not reoccur.

SA4 Responsibility of the'Field Representative

SA4.1 At each visit\to’the manufacturer's facility, the Field Representative shall review a fepresentative
sampling of the printed wiring board production which bears the Recognition Marking, to agsure that the
Recognition Marking has been applied in accordance with this supplement, and the Procedure description.
An inspection report shall be completed after each visit.

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. 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
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Representative that all Recognition Markings are removed or obliterated from rejected material. Those
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

SA6.1 The f
the Field Rep

SA6.2 BON
tests, indicatg
Wiring Board
specified in S

SA6.3 QUA
covered by th
the methods
Property Eva
those used in
obtained shal
investigation.

SA6.4 Upon
manufacturer

-Up Test Program

pllowing tests are to be performed by the Certification Organization,on samples received for
esentative.

D STRENGTH TEST - Test specimens are to be subjected to-the appropriate Bond Strength

d in the Procedure, in accordance with the methods described in the Stand
5, UL 796. The results obtained in the Follow-Up Tests are to satisfy the re
pction 28 of UL 796.

brd for Printed
guirements as

| ITATIVE INFRARED ANALYSIS — An infrared’ spectrum of any unrecoginized coatings

s procedure is to be obtained by means of an.infrared spectrophotometer in ac
described in Infrared Spectroscopy of theé, 'Standard for Polymeric Materials
uation, UL 746A. Instrument settings_used in obtaining the spectrum shall

obtaining the original spectrum of the material referenced in the procedure.
indicate the same composition as-that recorded in the spectrum obtained ung

completion of follow-uptesting, the Certification Organization shall report the

cordance with
— Short Term
be identical to
The spectrum
ler the original

results to the
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ANNEX A (Informative) - CONSTRUCTION CONFIGURATIONS

Figure A.1
Typical Multilayer Flame Sample and Multilayer Build Up Sample Construction Configurations

- 1255 mm

Minimum Build—Up Thigckngss *‘

a
13+ 0.5 mm
Laminate Pregreg
Minimum Z
Prepreg Build—Up Laminate
Thickness
Laminate Prepreg

S4349A b Cross Sectional View C
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Figure A.2
Cross Section of Uncoated Flammability Coupons
Single or Double Sided PCBs

<€t— No Copperd ==

Laminate //// >Minimum Thickness®
~—No—Copper*

S5322

Figure A.2 notes for single or double sided PCB uncoated flammability coupon
a) No Copper — Gopper must be completely etched off.
b) Minimum Thickness

1. This laminate shall be the same thickness and constructed. with the same buildup as the laminate used
Strength and Delamination samples.

2. Whep only a “Flammability Only” rating is beingceyaluated, the construction of the samples shal
production printed wiring boards when conductor pattérns are present.

for the Bond/Peel

represent actual
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Figure A.3

Cross Section of Uncoated Flammability Coupons
Multilayer "b" PCBs

up Thickness®

-— No Copper? =
Minimum Laminate Thicknessb //////
-a— No Copper®
Minimum and Necessary — — — =— — - . _—
Bonding Layer Thickness® — — — — — - >M|n|mum Build
-a— No Copper?®
| aminated IIIIII
LT <a— No Copper? =

S5323

Figure A.3 notes f
@No Copper - Co
5 Minimum Lamin

br multilayer "b" PCB uncoated flammability coupon.
bper must be completely etched off.
hte Thickness — The minimum laminate thickness required in production ‘shall be included in the

thickness.

¢ Minimum and Ndcessary Bonding Thickness
1. The njinimum bonding layer used in production shall be built-up using one or any number of any thic|
sheets/pfepreg plies. At least one bonding sheet/prepreg ply shallsbe“the minimum individual sheet t
productign. The total thickness between the laminates shall be the minimum bonding layer. Example: 2 sh
bonding pheets/ prepreg plies shall equal a 4 mil minimum bonding‘ayer.
2. The bpnding layer for the minimum build up thickness used in production, shall be built-up using one
any thichness of bonding sheets/prepreg plies necessary,to have good layer registration without inside d
entrapmént.

Note: The minimJ
layer thickness fg

w»

r Multilayer “c” construction because acthicker bonding layer may be necessary to also have

without inside delamination or air entrapment against the maximum thickness internal conductor.

4 Laminate Thickn]
be accommodate
€ Minimum Build-4

1. The m

the same
minus th

2. When
productid

ess — The laminate thickness required in production to support the maximum internal conductor {
in the minimum buildup thickness.shall be included.

p Thickness

ultilayer construction shall\be the same build up thickness as the Bond/Peel Strength and Delam
individual sheet thickness, quantity and position in the buildup of the laminate and bonding shee|
P copper.

only a “Flammability Only” rating is being evaluated, the construction of the samples shall
n printed wiring boards when conductor patterns are present.

m bonding layer thickness for Multilayer “b*construction may be considerably thicker than the 1

Mminimum buildup

ness of bonding
hickness used in
pets of 2 mil thick

br any number of
blamination or air

hinimum bonding
good registration

hickness that can

nation samples —
s/prepreg plies —

represent actual
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Figure A4

Cross Section of Uncoated Flammability Coupons
Multilayer "c" PCBs

Minimum Bonding Layer Thicknessb

-a— No Copper?®

Minimum Laminate Thickness®¢

-a— No Copperd

Ji

Ne

-a— No Copper?

cessary Bonding
Layer Thicknessd

55324

Figure A.4 notes
@ No Copper — Cq
® Minimum bondi
1. The 1
sheets/|

product
layer. E

2. Whe

surface
¢ Minimum Lamir
thickness.
9 Necessary Bon
using one or anyj
delamination or g
Lp Thickness

hultilayer construction shall be thé.same build up thickness as the Bond/Peel Strength and Delan|
e individual sheet thickness, qlantity and position in the buildup of the laminate and bonding sheq
e copper.

€ Minimum Build-

1. The i
the sam|
minus th

2. Whey
printed

for multilayer "c" PCB uncoated flammability coupon.

hg Layer Thickness

-4— No Copperd

pper must be completely etched off.

hinimum bonding layer used in production shall be built-up using one or’any number of any thi
repreg plies. At least one bonding sheet/prepreg ply shall be the{minimum individual sheet
on. The total thickness between the minimum surface foil and the'minimum laminate shall be the
ample: 2 sheets of 2 mil thick bonding sheets/prepreg plies shallequal a 4 mil minimum bonding |

required in production this spacing may be built-up using’a laminate layer (cap layer) suppo
foil plus one or any number of any thickness of bonding(sheets/prepreg plies.
ate Thickness — The minimum laminate thickness ¥equired in production shall be included in the]

Hing Layer Thickness — The bonding layer for(the minimum build up thickness used in productiof

ir entrapment.

a “Flammability Only*~rating is being evaluated, the construction of the samples shall represent
viring boards when,eonductor patterns are present.

>Minimum Build—up Thickness ®

kness of bonding
hickness used in

minimum bonding
byer.

ting the minimum

minimum buildup

, shall be built-up

number of any thickness of bonding sheets/prepreg plies necessary to have good layer registration without inside

ination samples —
ts/prepreg plies —

actual production
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Figure A.5

Cross Section of Coated Flammability Coupons
Single or Double Sided PCBs

-a— Second Coating (when applicable)®
<«— First Coatingb

— ]

-4— No Copper¢

Minimum Thickness®

S5319

Figure A.5 notes f
@ Second Coating
1. If a so

productid
samples

2. Ifah

board aff

coated s
b First Coating

1. If only
required

No Copper®
-a— First Cootingb } D‘elelte f%r
-4— Second Coating single. side

(when applicable)®

br single or double sided PCB coated flammability coupon

der mask is coated after a hole plugging material is added into the hole$ from one or both sides o
n printed wiring boards, the maximum required thickness of the solder mask shall be coated on
over the previously coated hole plugging material.

le plugging material is added into the holes from one or beth sides of the represented product

d PCB's

f the represented
each side of the

on printed wiring

ler the solder mask is coated, a coating of the hole plugging material, not to exceed the thickness| of the previously

blder mask, shall be coated on each side of the sample,

a solder mask coating is used on the surface of.the represented production printed wiring boary
thickness of the material shall be coated on each side of the samples.

2. If a splder mask is coated before a hole plugging material is added into the holes from one or K

represery
side of th

3. Ifah
boards,
subsequ

°No Copper — Co|
9 Minimum Thickn

1. The la
Strength

2. When

ted production printed wiring boards, the-maximum required thickness of the solder mask shall b
e samples.

le plugging material is added\info the holes from one or both sides of the represented product
before a solder mask is_coated, a coating of the hole plugging material, not to exceed the
ent solder mask, shall be coated on each side of the samples.

bper must be completely)etched off.
ESs

Iminate shall b&:the same thickness and constructed with the same buildup as the laminate used
and Delamination samples.

a “Flammability Only” rating is being evaluated, the construction of the samples shall represent

fis, the maximum

oth sides of the
P coated on each

on printed wiring

thickness of the

or the Bond/Peel

bctual production

printed v]iring boards when conductor patterns are present.
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