Gp c@ IPC-4921A

Requirements for Printed
Electronics Base Materials
(Substrates)

Developed by the Printed Electronics Base Material/Substrates
Subcommittee (D-62) of the Printed Electronics Committee (D-60)

of IPC
Supersedes: Users of this publication are encouraged to participate in the
IPC-4921 - June 2012 development of future revisions.

Contact:

IPC



May 2017 IPC-4921A
Table of Contents
3.4.4  Storage Conditions .......ccccecevererenierieceeeeenennene 9
1 1 SCI())PE ...................................................................... 345 Chemical COMPHANCE oo 9
. UPPOSE cevvvevtvereterestereseesesteseseesessesessesesesesseseneesens . .

1.2 Clals)siﬁcation SYSEM .o iz | Z/Ilzrsilnlg{equlrements .................................. g
1.2.1  Designating MaterialS .........cceceeveveerveneerireeneennen. 3.52  Wrinkles, Creases, Streaks and Scratches ... 9
122 Adding Details When Designating Materials ... 3.5.3  INCIUSIONS .evovinievinieiiietiieecieee e 9
1.3 Surface TrEAUMENLS wovovvsvsvsrssssn 3.54 VOIS eoverceeseeseee e 10
1.4 Mam'lfacturing Temperature Classification ......... 3.5.5 Holes, Tears and Delaminations ............cc......... 10
12 S;)T;tir:z;ﬂgiiﬁntatmn 36 Dimensional ReQUIEMEts .o 10
R — 62 Rl Wl s 1
171 ‘(AX A‘?Bgaese)d UponBetweenUS“andSuppher """" 3.6.3  ROI LENZHN wovoeoerrrreeeeeeeeeeeeeeresssseeeeeeeseseeeeens 10
1.8 New Materials ... 3.6.4  ThiCKNesS ....ccceevvieriiiiriiiiiiiiienieeieeee st 10
1.9 Interpretation of “Shall” .........ccccocevinvininnnene. 3.7 Mechanical ReqUIrements ..........cooveesvvesse. 10
110 Presentation of Dimensions and Tolerances ....... 370 Bend ..o 10
3.7.2  Coefficient of Thermal Expansion (CTE) ......... 10

2 APPLICABLE DOCUMENTS ..........cccooovvimmrremnrnnnan. 373 Coefficient of Hygroscopic Expansion (CHE) .. 10
2.1 IPC ...ccoeve. e 374 Dimensional S@ItY ..o 10
i:i 3?%..????.::::::::::::::::::::::::I: 375 Edge SUENE oo 10
2.4 NCSL International .............ccccoeveveverevevenrenenens 37:6 Initiation Tear SIENgH v 10
)5 International Organization for Standardization 3.7.7 Propagation Tear Strength .........ccccccevevevieennnnne. 10
(ISO) oo 378  Tensile Strength, Elongation and Modulus ....... 11

2.6 American Society of Mechanical Engineers 379 DENSILY ..ovvereireiiiieieieiieiese et 11
(ASME) oo 3.7.10 Poisson’s Ratio ......ccceeeveevieeriiieiieciecie e 11

2.7 ;1:;3;;;31( Fﬁ:;%cli)ation of the Pulp and Paper 3.8 Surface Requirements .............ccccocevevevevevevenennne. 11
8 British Standards Institution (BSI) ... 3.8.1 Coefficient of Friction .......ccccceccvevvercirevreenneennne. 11
29 International Electrotechnical Commission 3.8.2  Surface ENergy .....cccceccevvevieniniienieieeieseeieiens 11
(IEC) oo 3.8.3  Surface Hardness ..., 11

2.10  Japanese Standards ASSOCAtion ...............c.cc....... 3.8.4 Surface Roughness ..........cccocvvvieniiiienenieieinne 11
3 GENERAL REQUIREMENTS 3.9 Optical Requirements ...........ccoceeeeeeeeeeenenennnns 11
31 Terms and Definitions —..............__ 391 COlOT it 11
3.1.1 Coefficient of Hygroscopic Expansion (CHE) .... 3.9.2 Luminous Transmittance and Haze ................... 11
302 SKEW eooreceseoesece oo 3.93 Refractive INdex ...ooovvesvessiessinsiesieses 1
313 Poisson’s RAtiO oo 3.9.4  Surface GlOSS ...cccecvevvieveriieienieeieie e 11
3.1.4  Surface GIOSS ..ccoovevevieieevereirieiereeeesiese s 3.10 Chemical ReqUIrements ... 1
3.1.5 Dielectric Constant (DK) ........ooverveerreeerereeeerreenn. 3.10.1 Chemical ReSiStance ...........ccccoceeveveveiiievenennnns 11
3.1.6  Thermal Conductivity ..........cccooevvviiiiiiinniennne. 3.10.2 Oxygen Gas Transmission .............cccoooeeveeernnnce. 11
3.2 Specification ShEets ........cccccovvvrrerrrriereererninns 3.10.3 Water Vapor TranSmission ...........ccceevcuncennns 11
33 CONMHCE oo 3.11  Electrical RequUirements .............ccooveoveeuenneens 11
3.4  Material ReqUIirements .............cccocoovvevuevruevennnnn. 3.11.1 Permittivity (Dielectric Constant) ..................... 11
3.4.1 Preferred Side for Printing ........ccccooceveriencnncnnn. 3.11.2 Loss Tangent (Dissipation Factor) ..................... 12
3.4.2  Sheet Material .........cccooiviiiiiiiiiiiiiiiiiccneeen, 3.11.3 Volume Resistivity (Damp Heat) ....................... 12
3.4.3  Roll Material .......ccccooovvvieieiieiiieeeeceeeeeeee e 3.11.4 Surface Resistance (Damp Heat) ....................... 12




IPC-4921A May 2017
3.11.5 Dielectric Strength .......cccccevirienenieiinieieene 12 4.8.2  FreqUenCy ....ccccoceovemenieneniieienieee e 14
3.12  Environmental Requirements ...........c.ccccecueneene. 12 4.9 Quality Conformance Inspection ..................... 14
3.12.1 Fungus ResiStance ..........c.ccoceeveererienieneeuenenns 12 4.9.1 Inspection of Product for Delivery .......c..c........ 15
3.12.2 Moisture ADSOIPLON ....c.covveveeveverireririeeeeereeeeeenee 12 4.9.2  Sample Unit .....ooeiiiiiiiiiiiicccicccne 15
3.12.3 Flammability ........cccococvviviririiiiiieeeeeseieeneenns 12 4.9.3  Group A InSpection ..........ccceeeeveeicccccnennen. 15
3.12.4 HalOZENS ...eveveeeeeeieieeeeeeeee e 12 4.9.4  Group B Inspection .........cccooviiiiiiiiiininnnn, 15
3.12.5 Relative Thermal Index (RTI) ........cccoccovmnrnnee. 12 4.10  Statistical Process Control (SPC) .......cccccovenee. 16
3.12.6 Glass Transition (T,) Temperature .................... 12 4.10.1 Reduction of Quality Conformance Testing ...... 16
3.13 Workrnanshlp Requirements .............................. 12 5 PREPARATION FOR DELIVERY ...oooooooooeiiil 16
3.14  Special Requirements .............ccooeisriviissnninnnnns 12 5.1 PaCKaZING .ovveveeeeiiiereieeeeieiee e 16
3,141 Out@assing ..cc.eeeecveereerieereeienieeieieeeereeeeeeeeeeens 12
) L 6 NOTES .....ccoiieeeeee e 16
3.14.2 Organic Contamination ............ccoceeeeruereeerueneenne 12 .
315  Phvsical Reaui 3 6.1 Ordering Data .........ccocooiiiiiiiiiiiiiie, 16
' e 6.2 Chemical Resistance .......c.ccccoceevenveencnenncnnen. 17
3.15.1 Thermal ConduCtivity .......ccocevereveereecniaiennne 13
4  QUALITY ASSURANCE PROVISIONS .................. 13 Tables
4.1 Responsibility for Inspection .........cccccecceeeennenee. 13 Table 1-1 Base Material Family Designation.............c.cccceeuee. 2
42  Test Equipment and Inspection Facilities ......... 13 Table 1-2 Base Material Type Designation..............ccoccoeeees 2
43 Preparation of Samples 13 Table 1-3 Base Structure Designation..........ccccecceeeeveeneeennnen. 3
" Table 1-4 B Reinf t T Designation .................. 3
44 Standard Laboratory Conditions ..........c..cccceeueee. 13 ave ase. eintoreemen . ype. esigna |on. )
Table 1-5 Nominal Base Material Thickness Designation...... 3
4.5 TOIETANCES ....coovvreveiiriieienicicecceec e 13 Table 4-1 Test Method FreqUENCY ... 14
4.6 Classification of InSpection ..........cccceceeeeeeeennene 13 Table 4-2 Sampling Plan for Group A Inspection for
47  Material InSpection .........ccccocoeevveveveerrererennnnne. 13 Sheet GOOdS ..o 15
. . . Table 4-3 Lot Sampling Plan for Group A Inspection for
4.8 Qualification InSpection ......c..ccccceceevvererveriennns 13 Roll Goods ... oo 15
4.8.1 Characterization Testing .........ccccevceeveerereeseennnnne 13

Vi



May 2017 IPC-4921A

Requirements for Printed Electronics
Base Materials (Substrates)

1 SCOPE
This standard establishes the classification system, qualification and quality conformance requirements for printed electron-
ics base materials (substrates).

The standard defines the base material only and should not be used for substrates that have been postprocessed and com-
prise defined features or structures (e.g., conductive traces).

1.1 Purpose The purpose of this standard is to provide and define key characteristics and test methods used for procur-
ing printed electronics base materials (substrates).

1.2 Classification System The system described in 1.2.1 through 1.2.2.5 identifies printed electronics base materials
(substrates).

1.2.1 Designating Materials A materials designation is intended for use by designers on master drawings to designate
their base material choice. At the end of this standard is a series of material specification sheets, which are identified by
specification sheet numbers. Each specification sheet outlines engineering and performance data for a printed electronics
base material type. The designer should select the appropriate base material specification sheet as required to meet the
operational specifications of the end product application (e.g., consumer, automotive, aerospace, etc.).

An example base material designation would be IPC-4921/2, for which /2" refers to the specification sheet detailing Poly-
ester Naphthalate (PEN)/Biaxially Oriented Polyethylene Naphthalate (BOPEN).

If the designer requires further material specification details (e.g., thickness), the designer should highlight those details in
cross-sectional views or notes on the master drawing.

If the designer is using a material which is not in one of the approved IPC-4921 specification sheets, the designer shall select
the material type from 1.2.2.2. Users and suppliers should consider submitting new specification sheets for consideration in
this standard (see 1.8).

1.2.2 Adding Details When Designating Materials Designers may add details to the procurement documentation for sub-
strate materials.

The additional details designation shall follow this format:

Standard designation / Specification Sheet number or Base Material Type / Base Structure / Base Reinforcement Type / Base
Material Thickness

Where:

e Standard designation is [PC-4921.

* Specification Sheet number is an approved IPC-4921 specification sheet.

* If no specification sheet exists, the designer shall select a Base Material Type designation from 1.2.2.2. If the material type
is not included in 1.2.2.2, the designer shall create a designator for the material.

e Base Structure is selected from 1.2.2.3.
* Base Reinforcement Type is selected from 1.2.2.4.
e Base Material Thickness is selected from 1.2.2.5.

The following is an example of a detailed designation using an IPC-4921 Specification Sheet as the Base Material Type:

IPC-4921 /2 /2 / F /7 would be PEN/BOPEN in sheet form, nonreinforced, with a thickness range of > 0.250 mm to
< 0.400 mm.

The following is an example of a detailed designation using a material which is not represented in an IPC-4921 specifica-
tion sheet:






