Gp c@ IPC-D-640

Design and Critical
Process Requirements
for Optical Fiber, Optical
Cable and Hybrid Wiring
Harness Assemblics

Deveinoed Ly the Fiber Optic Cable Acceptability Task Group (7-31m)
of the Acceptability Subcommittee (7-31) of IPC

Users of this publication are encouraged to participate in the
development of future revisions.

Contact:

IPC


https://www.stdhive.com/standards/ipc-d-6402016-pdf/

June 2016 IPC-D-640
Table of Contents
T SCOPE ... e 2.2 Military HandbooKS ........ccccevveriieniieniiniieiienenn 7
1.1 PUIPOSE ..o 2.2.1 U.S. Department of Defense (DoD) ................... 7
1.2 Performance/Product Classification ..................... 23 Military Specifications .........c..cccceeevvecieneencnnenne. 7
1.3 Definition of Requirements ............ccceceeveveerueenen. 2.3.1 Department of Defense (DOD) ......cccccevverieenenns Q
1.3.1 Design Requirement Format (A/N) ....cccccceeeenene 2.3.2  U.S. Naval Research Laboratory (NRL) ......./.... 7
1.3.2  Requirements FIowdoOwn ..........cccceevvieriiienieninennns 2.4 Reference Documents ........c.cccooeeeeveeneencens e Z
1.3.3  Notes/Italicized TeXt ......cccccovevvienirvencrreenenienens 241 TPC e 8
1.3.4 Commercial Off-the-Shelf (COTS) .....cccceeevvenn. 2.4.2  Department of Defense (DoD) ©.....coccovieenennen. 8
1.3.5 Existing or Previously Approved Designs .......... 2.4.3  Aeronautical Radio, Incorporat=d
1.3.6  Line Drawings and Illustrations ...............c........ (ARINC)/SAE Industry dechnolCgies
) o Consortia (ITC) ..oooveveeee eeveil e 8
14 Measurement Units and Applications ................. . L
. 244 Electronic Componerts Indu. try Association
L5 Definition of Terms ... (BCTA) oo e 8
1.6 Engineering DOCUMENtAtiON .....vvvvviiiiivinniinnns 245  TEEE .o e 8
1.7 Order of Precedence ........c.ccccceevevieenciveenieeeniieens 2.4.6 National Aerorauti_s and Space
171 CONHCE v Adminztatien (INASA) 9
1.7.2  Clause References ..........cococeeeeveeveeeveeeeeeeenenennns 2.4.7 Internatior!-Organization for Standardization
1.8 APDENAICES A = C oo LSO e 9
1.9 Approval of Departures From Standards and 2.4.8 _La. r Institute of America (LIA) ....cc.ccoveeevvenena. 9
Requirements ........ccocceeveeveeniiiinienienieenieeeeeeen 2.4.9  Nitional Electrical Manufacturers Association
1.10 Foreign Object Debris (FOD) Control Plan ...... (l\IEMA) ............................................................... 9
IR DT o 2400 SAE INernational ....occcceeeeeecveemmmmmnnns 9
1.11.1  Chemicals .......ccceecveniiriiiniiiininiecccceceeeene 7411 Telecommunications Industry Association
TIA) e 9
1.11.2 Eye Safety — Energized Source Concern ....... ... (T1A)
3  DESIGN PHILOSOPHY.........ccceiiiiiniiieeeieee 10
2  APPLICABLE DOCUMENTS .........ccoooeeienc ittt i ]
. 3.1 General Design Requirements ........c...ccccueeeeenee. 10
2.1 Commercial .......oecevveneinecneicnnn i SR ) o
211 IPC 32 System Requirements Specification (SyRS) ..... 11
d1 TPC e e e 321 Interface Control D CACD) 1"
2.1.2  American Society of Mechar:ical Bngineers fiertace L-ontro ocumén ( )
(ASME) oo e e, 322 System Power Budget (Link Loss Budget +
Unallocated Margin) ........c.cocceeeeveevveneennenennens 17
2.1.3  American Society for Wes. o und Materials nallocated Margin)
(ASTM) veeeeeeeeeceeee e 3.2.3  Performance and Reliability .......cccccocoviviniinn. 19
2.1.4 TInstitute of Elect ical .nd Electronics 3.24 Environmental Requirements ............cccccecuvnnenne. 20
Engineers (IEEE) . e 3.2.5 Packaging, Handling, Shlpplng and
215 Internaticuial . lectrotechnical Commission Transportation (PHS&T) ................................... 20
(IEC) ................................................................. 326 Documentation Requirements ___________________________ 20
2.1.6  Infernatio.al Organization for Standardization 3.2.7 Intellectual Property (IP) Control
(IS )) ..................................................................... Requirements ..................................................... 20
2.1.7 " Inter ational Telecommunications 3.2.8  Physical SECUIity ........ccoccooiveiveerirerereereeensnans 20
N0 (ITU) e,
2.8 L Insti f America (LIA) ..oooooveieeeeee. 4  SELECTION OF PARTS, MATERIALS AND
aser Institute of America (LIA) PROCESSES .......ooocccco oo 22
~1.9 National Fire Protection Association 41 C i 2
(NFPA) . OMMONALILY .eeeeiviiieiiriieieneeeeeeeeeeeee
2.1.10 SAE International ..........cccccoceeoierinienenienieneeene 42 L 22
2.1.11 Telecommunications Industry 4.3 OULZASSING .venveeireieniieienieeteeieete et 22
Association (TTA) ...ccoooeiieiiiieeeeeeee 4.4 Materials Requiring Cure ..........ccccceeveeeveennennee. 22
2112 UL et 4.5 Dissimilar Metals ........ccccocevvevininenenieeieeenn 22



https://www.stdhive.com/standards/ipc-d-6402016-pdf/

IPC-D-640 June 2016
4.6 Optical Fiber and Cable .........cccccccvvivininennnn 22 6.1.3  Bend Radii ...ccccooeevieieiiiiieeeee e 39
4.6.1  Strength Member ........cccocvveveneninieieencnennenn 23 6.1.4  Axial Aignment .......ccccoceveverieieneiienenenenene 39
4.6.2  External Jacket(s) .....cccocooiiviiiiiiiiiiiiiiccs 23 6.1.5  Tensile Load .oooeeeeeeeeeeeeee oo 39
4.6.3  Cable TYPes ..o 23 6.1.6  MAtiNG .ovoovoeeeeeeeeeeeeeeeeeeeeeeee e 40
4.7 CONNECLOTS oo 27 6.1.7  TOIQUEING ...voveeeeveeeeeeeeeeeeeeee e 40
4.7.1 Mating Provisions ........c..cecceeveevienerieneniienennens 27 6.1.8  Coefficient of Thermal Expansion (CTE)
4.8 Attenuators, Couplers, Splices, and Other ISSUES evvieeeeeee s 40
Interconnecting CompoNents ..............coco.oevveeee. 29 6.2 ROULING ovviiiiiiieieeee e 40
4.8.1  AteNUALOTS ...eeeevvveeeeiieeiiieeeieeesieeeeieeeseeeeseeeeas 29 6.3 Protection and SUPPOTL .....vvveeeeeeeerveeeerererereeeees 40
4.8.2  COUPILTS .eovviieiieeiieiieeieeiee ettt 29
4.8.3  ISOlALOTS ..vievveeeeieeiieiieeieeiee et 30 7 CLEANING ...... A W N 4l
484  Pigtailed COMPONENE ~.ooorroeeoreeoereeoere 30 71 General Requirements ........oooooersens Rk
.85 SPHCES wovoooeroesoeeseseees et 30 Tl SOIVENES g = G R 41
486 Identification and Marking ......ccooooovocrrrron. 31 7.1.2 WIpes/SWabs ......cceceeierienieieeeiii et o........ 41
4.9 Prohibited/Restricted USage Parts, Materials, 7.1.3 Drylng .............................................................. 41
Processes (PMP) .....oooooiiiiiieiieeeeeeee 33 8 DOCUMENTATION ...+ o 4
4.9.1  Acetic Acid-Cure Room-Temperature 8.1 G 1 4
Vulcanizing (RTV) Silicone Sealants, . CNETAL oo e e
Adhesives and Coatings ........ccceeeeeeeeceeeeennenn 33 8.2 Data .ooooeeiiiie i 42
492 Beeswax/Wax (All Types) Lacing Tape ............ 34 8.3 Connector Orientaticn (Clocking) .......cccceeeennee 42
4.9.3  Beryllium (Be) ...ccoceveiieiiirinieeieeeeee 34 8.4 Connector P 2Ot oo 42
494  Cadmium (Cd) ..ccoevveeieeiieeiieeeeee e 34 8.5 Dimer sioning and Tolerance ...........ccccceeveeennen. 43
4.9.5 Cuprous Oxide Corrosion (Red Plague) ........... 34 8.6 Doc 'me.ziation for Maintenance/
496 Fluorine Attack (Whlte Plague) ........................ 35 E. ergency Restoration ........cccceeeeeeeiiiiiiiiiiiinnnnne. 43
4.9.7 FN/HN-Grade Polyimide (Kapton®®) ............. 35 9 VAILDRING ..o 44
4.9.8  Glass/Glass-Like Materials .........ccccevereeeeenene. 36 9.1 Alternate Technological Applications —
499 Use of Lead-Free Tin (Sn) Materials and/or Fiber Opth Sensor (FOS) ................................. 44
ProCesses ...ueeeeiiieeiieeiiieeeiie et S R 10 DEFINITIONS AND ACRONYMS . 45
4.9.10 Lock Washers (Star/Tooth Type) ......ccceecvrnni . 2o
4911 MAZNESIUM oo i 11 TABLES ..o 58
4.9.12 METCULY .vveieieeiieieeiieieeieeee e see e e e e 37 APPENDICES HOW TO USE THE APPENDICES .... 63
4.9.13 Micro-D Connectors .........eceeeeeed coe e e 37 APPENDIX A  Military/Space Applications
4.9.14 Natural Rubber Materials ......00 .......iococeeevenee, 38 Requirements ..............cccocevveieninennnn. 64
. . o~
4.9.15 Polyvinyl Chloride (PVC/vin;1) .i....cccccceiuennee 38 APPENDIX B Test Methods for the Verification
4.9.16  SIIVET .ooveeieeieiiiicieeeeeeees e 38 of Optical Fiber Fabrication
49.17 Splices womr... LN 38 PrOCESSES ...ooovvsirsiinssnsscss o 66
4.9.18 ZINC eieiiiiices it 38 APPENDIX C Verification and Validation Matrix ..... 68
4.10  Time-Critical or Limited-Life ........ccccecverirnn. 38 .
Figures
411 MOISTIe DG eCHON wivvvivieeiieieeieeie et 38
Figure 1-1 Optical Fiber Assemblies, Cables and
5 ASSEMTRLY i 39 Wiring Harnesses Connector, Splice
. . . and Transmitter...........ccocoviiiiiininin e 1
5.1 Op. ' -al Fiber End Preparation ...........ccoccveeueenee. 39 ) ) )
5n N ical Fib c Terminati 39 Figure 3-1 Basic Types of Optical Cables.............c.......... 10
-4 ptical Fiber — Connector lTermination ............ Figure 32 Physical Contact (PC) Connector
S INSTALLATION ...ooooovoooooooveeoeeeoeooeeeoeeeorons 39 e 13
6.1 General Installation Requirements .................... 39 Figure 3-3  Common Commercial Single-Channel
. ) ' - PC COoNNECLOrS ...t 13
6.1.1 Bundling (Fiber in the Wiring Harness) ........... 39 Figure 3-4  Optical Fiber Contact
6.1.2  CONAUIS ..o 39 (M29504/4 & M29504/5).......ooovveeeeereerereereeen 14

Vi


https://www.stdhive.com/standards/ipc-d-6402016-pdf/

June 2016 IPC-D-640
Figure 3-5  Multichannel Optical Connector Figure 4-17 White Plague (Fluorine Attack)...........cccceueee... 35
(ARINC 807) .ot 14 Figure 4-18 FN/HN Grade Polyimide (Kapton®) ................ 35
Figure 3-6  Expanded Beam (EB) Connector Figure 4-19 Glass/Glass-Like Materials (e.g., Fuses) ........ 36
(Cross-Section) .......ccceeceeieiiicieesee e 14 ) i ] ]
) . Figure 4-20 Tin Whiskers on Cardguide ...........cc.ccceoeernne 36
Figure 3-7  EB Multichannel Contact ..........cccocceeiieeiieenne 15 . .
) Figure 4-21  Lock Washer (Internal/Split/External Tooth) .... 37
Figure 3-8  EB Multichannel Connector...........ccccccveivvrnene 15 )
Figure 4-22  Serrated-Face/Wedge-Lock Washer
Figure 3-9  Design Process Flowchart...........ccccceecveiiinens 21 (PAIrEA S 37
Figure 4-1  Simplex/Duplex Detail (Interconnect Figure 4-23  Micro-D Connector (Fiber/Copper
Cable — Tight Buffer)..........c.cooocvinnie. 23 COMDINALON). ... eeereercereecneeseineeseeeeeeseeseeneeed oo - 4
Figure 4-2  Distribution Cable Detail (Tight Buffer)............ 23 Figure 6-1 Improper Axial Alignment..........ccccooovniis e <l
Figure 4-3  Breakout Cable Detail (Tight Buffer) Figure 8-1 Connector Orientation (Clocking) ana
Figure 44  Loose Tube Cable Detail (Indoor/ Mating Face View (Inset)..........cooeveiiiiiennns 43
Outdoor RISEr) ...coeiieiieeiieceiee e 24
' . S oo Tables
Figure 4-5  Ribbon Cable Detail (Riser/Plenum
Rated) ...ooeeeiie e 24 Table 11-1 Bend RadiuS......cccccce. it 59
Figure 4-6  Armored Cable Detail (Tight Buffer) ................ 25 Table 11-2 Optical Fiber/Cable Leng." Measurement
Figure 47 Aerial Armored Cable Detail ................... o5 TOIEraNCe .....oevvcei i 59
) ) ) Table 11-3 Optical Power {*hsc'ute Power and
Figure 4-8  Blown Optical Fiber Tube (BOFT) - 26 POWEr LOSS) .o coiiiii e 60
Figure 4-9 Crashed Endface.......cccccccceveevcieeeciceee e, 27 Table 11-4 Typical Tra, smit ur Specifications ______________________ 60
Figure 4-10  Attenuator .......ccoooeiiiiiiiii e 29 Table 11-5 Con narisc of LED and LD Transmitter
Figure 4-11  T-Coupler/SPIter .............covvervvrirrerneieniies 29 PAramictere oo 60
Figure 4-12  1S0lator .......ccueeeieieiiesiee e 30 Table 11:6  Somparison of Optical Cable Types ................. 61
Figure 4-13  Pigtailed Component (Cover Removed).......... 30 Table 11:7 Iypical Optical Fiber Specifications...... e 62
- » - .
Figure 4-14  Mechanical SpliCe ..o 30 Table A1 Military/Space Applications Requirements......... 65
. . Tab.» B-1 Test Methods for the Verification of Optical
Figure 4-15 Waxed Lacing Tape .......ccceevvvenieesiieesieesieeanns 34 Fiber Fabrication Processes ... 67
Figure 4-16 Red Plague (Cuprous Oxide Corrosion) ......... 35

vii


https://www.stdhive.com/standards/ipc-d-6402016-pdf/

June 2016 IPC-D-640

Design and Critical Process Requirements for Optical Fiber,
Optical Cable and Hybrid Wiring Harness Assemblies

1 SCOPE

This document provides design and critical process requirements and technical insight for cable and wire harness assemblies
incorporating optical fiber, optical cable and hybrid wiring technology. Reference materials listed in this text are among
those considered as required reading. The User is encouraged to obtain all relevant referenced materials, as this dogun. at
cannot (nor can any single document) cover every material, process, environment, performance or safety aspect that . ffect
a given design.

1.1 Purpose This standard is intended to provide informa-

tion on the general design requirements for optical fiber, opti- '\‘
cal cable, hybrid wiring harness assemblies and fiber optic

communications systems (FOCS) to the extent that they can

be applied to the broad spectrum of optical cable and wiring

harness design (see Figure 1-1).

This document is intended for use by the design engineer, ~—
manufacturing engineer, quality engineer or other individual
responsible for the tailoring of specific requirements of this
document to the applicable performance class.

It is not the intent of this document to exclude any alternate
or contractor-proprietary documents or processes that meet or
exceed the baseline requirements established by this docu-
ment. Use of alternate or contractor-proprietary documents or
processes shall [A1A2A3] require review and prior approval
of the User.

- e e e

For purposes of this document: Figure 1-1 Optical Fiber Assemblies, Cables and Wiring

a) The Designer is the design agent for the Use: Harnesses Connector, Splice and Transmitter

b) The User is the individual, organization. cc 1pa.y, contractually designated authority or agency responsible for the pro-
curement or design of electrical/elect 'oni/electromechanical (EEE) hardware, and having the authority to define the
class of equipment and any variatic o restrictions to the requirements of this document (i.e., the originator/custodian
of the contract detailing these rzgi.rements). The User is considered the Design Authority.

¢) The Supplier is considered«tnhe 1..2:vidual, organization or company which provides the Manufacturer (assembler) with
components (e.g., electrical, ¢=ctronic, electromechanical, mechanical, printed boards, etc.) and/or materials (e.g., sol-
der, flux, cleaning age..'s, ei:.).

d) The Manufacturer is consi'ered the entity that provides a service or product to the User.

1.2 Performance/k -oduct Classification This document recognizes that optical wiring harnesses and cable assemblies are
subject to perform.nce/product classifications by intended end-item use. Three general end-product classes have been estab-
lished to ret.=ct differences in producibility, complexity, functional performance requirements and verification (inspection/
test) 1.2quese . It should be recognized that there may be requirement overlaps between classes.

The ser 15 responsible for defining the product class. The contract shall [A1A2A3] specify the performance class required,
whether compliance to any of the Appendices is required and indicate any exceptions to specific parameters where appro-
piate.

-LASS 1 - General Electronic Products

Includes products suitable for applications where the major requirement is function of the completed assembly.

CLASS 2 - Dedicated Service Electronic Products
Includes products where continued performance and extended life are required, and for which uninterrupted service is
desired but not critical. Typically, the end-use environment would not cause failures.
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