
 

1 

 

CEN/CLC WS PCB 
Date: 2025-08 

Draft CWA XXXXX: XXXX 

Workshop: XXX 

Enabling Circular Economy Practices: Repair and Recycling of PCBAs 

ICS:  

 

 

 

 

 

 

Version as of: 2025-07-24



draft CWA XXXXX:YYYY (E) 

 

Contents Page 1 

Foreword ................................................................................................................................................................ 4 2 

Introduction .......................................................................................................................................................... 6 3 

1 Scope .......................................................................................................................................................... 7 4 

2 Normative references .......................................................................................................................... 7 5 

3 Terms and definitions ......................................................................................................................... 7 6 

4 Printed Board Assembly status definitions ............................................................................... 14 7 
4.1 Original state ........................................................................................................................................ 14 8 
4.2 New state ................................................................................................................................................ 14 9 
4.3 Repaired state ...................................................................................................................................... 14 10 
4.3.1 General.................................................................................................................................................... 14 11 
4.3.2 Repaired Printed Board Assembly ............................................................................................... 14 12 
4.3.3 Refurbished Printed Board Assembly ......................................................................................... 14 13 
4.3.4 Compliantly Refurbished Printed Board Assembly................................................................ 15 14 
4.4 Modified Printed Board Assembly ................................................................................................ 15 15 
4.4.1 General.................................................................................................................................................... 15 16 
4.4.2 Compliantly modified Printed Board Assembly ...................................................................... 16 17 
4.4.3 Used state ............................................................................................................................................... 16 18 

5 Repair and Modification ................................................................................................................... 16 19 
5.1 General.................................................................................................................................................... 16 20 
5.2 Repair procedure selection ............................................................................................................. 16 21 
5.2.1 General.................................................................................................................................................... 16 22 
5.2.2 Levels of conformance ...................................................................................................................... 16 23 
5.2.3 Board Types .......................................................................................................................................... 17 24 
5.3 Repair equipment and materials .................................................................................................. 17 25 
5.4 PBA and component handling considerations ......................................................................... 17 26 
5.4.1 General.................................................................................................................................................... 17 27 
5.4.2 Moisture, reflow and process sensitive devices handling .................................................... 17 28 
5.4.3 Electrostatic discharge prevention .............................................................................................. 18 29 
5.5 Electronic component refurbishment ......................................................................................... 18 30 
5.5.1 General.................................................................................................................................................... 18 31 
5.5.2 Pre- and post-refurbishment drying and dry storage ........................................................... 18 32 
5.5.3 Reballing of BGA electronic components ................................................................................... 18 33 
5.5.4 Leadframe based electronic components .................................................................................. 19 34 
5.5.5 Non-IC electronic components ....................................................................................................... 19 35 
5.5.6 Electronic components marking ................................................................................................... 19 36 
5.6 Repair proficiency .............................................................................................................................. 19 37 
5.6.1 Importance of repair proficiency .................................................................................................. 19 38 
5.6.2 Personnel proficiency ....................................................................................................................... 19 39 
5.6.3 Training and certification ................................................................................................................ 20 40 
5.6.4 Skill level ................................................................................................................................................ 20 41 
5.7 Data collection for repair ................................................................................................................. 20 42 
5.7.1 Mission tracking .................................................................................................................................. 20 43 
5.7.2 Product logbook .................................................................................................................................. 20 44 
5.8 Authority determination .................................................................................................................. 20 45 



draft CWA XXXXX:YYYY (E) 

 

 

5.8.1 Responsibilities regarding repairability of PBA and compliance of products with 46 
repaired/refurbished/modified PBA .......................................................................................... 20 47 

5.8.2 Documentation, certification and labelling .............................................................................. 21 48 
5.8.3 Design-for-Repair ............................................................................................................................... 22 49 

6 Recycling ................................................................................................................................................ 23 50 
6.1 General ................................................................................................................................................... 23 51 
6.2 Proficiency to recycle electronics ................................................................................................. 23 52 
6.3 Data collection ..................................................................................................................................... 23 53 
6.3.1 Full Material Declaration ................................................................................................................. 23 54 
6.4 Authority Determination ................................................................................................................. 26 55 
6.4.1 Full Material Declaration responsibilities................................................................................. 26 56 
6.4.2 Responsibilities related to recycling of PBA ............................................................................. 27 57 
6.4.3 Disassembly instruction for recyclers ........................................................................................ 28 58 
6.4.4 Design-for-Recycling ......................................................................................................................... 28 59 

Annex A (normative)  Applying IPC-7711/21 ......................................................................................... 30 60 
A.1 Guidelines for Personnel Proficiency .......................................................................................... 30 61 
A.1.1 Training and Certification to IPC-7711/21 ............................................................................... 30 62 
A.2 Guidance for skill level ..................................................................................................................... 31 63 
A.3 Guidance for procedure selection and application ................................................................ 31 64 

Annex B (informative)  Current state of the art regarding recycling ............................................. 33 65 

Bibliography ....................................................................................................................................................... 35 66 

 67 



draft CWA XXXXX:YYYY (E) 

 

 

Foreword 68 

This CEN and CENELEC Workshop Agreement (CWA XXXX:YYYY) has been developed in accordance 69 
with the CEN-CENELEC Guide 29 “CEN/CENELEC Workshop Agreements – A rapid way to 70 
standardization” and with the relevant provisions of CEN/CENELEC Internal Regulations - Part 2. It 71 
was approved by the Workshop CEN and CENELEC “Digital Product Passport for Printed CircUits 72 
Board Assemblies”, the secretariat of which is held by “DIN” consisting of representatives of 73 
interested parties on YYYY-MM-DD, the constitution of which was supported by CEN and CENELEC 74 
following the public call for participation made on YYYY-MM-DD. However, this CEN and CENELEC] 75 
Workshop Agreement does not necessarily include all relevant stakeholders. 76 

The final text of this CEN and CENELEC Workshop Agreement was provided to CEN and CENELEC 77 
for publication on YYYY-MM-DD. 78 

Results incorporated in this CWA received funding from the European Union’s Horizon Research and 79 
Innovation Actions program under grant agreement No 101091490. 80 

The following organizations and individuals developed and approved this CEN and CENELEC 81 
Workshop Agreement: 82 

— Politechnico di milano (POLIMI) (Paolo Rosa (chair), Daniele Perossa, Julien van Damme, 83 
Laila El Warraqi, Lorenzo Gandini) 84 

— imec (Geert Willems) 85 

— Global Electronics Association (formerly IPC) (Diana Radovan, Francisco Fourcade) 86 

— Continental Automotive Technologies GmbH (Daniel Kruff) 87 

— Continental Automotive France SAS (Laurent Nardo) 88 

— ifm efector gmbh (Fried Schütze) 89 

— BMK Professional Electronics GmbH (David Lee) 90 

— cdmm (Michael Hofmann) 91 

— Retronix Europe (Marc Joussé) 92 

— Material Recycling and Sustainability (MARAS) B.V. (Antoinette van Schaik, Markus 93 
Reuter) 94 

— Zhongguancun industry & information research institute of Two-dimensional code 95 
technology (ZIIOT) (Xiaobing Niu) 96 

— Österreichische Gesellschaft für System- und Automatisierungstechnik (Bernd Kopacek) 97 

— EcoWise Ekodenge Ltd (Rembrandt Koppelaar) 98 

— ASTER Technologies (Christophe Lotz) 99 

— FuluhashiEnvironmental Institute Co., Ltd (Seiichiro Nakamura) 100 
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— Estonian Electronics Industries Association (Arno Kolk) 101 

— OFFIS e.V. (Alexandra Pehlken, Felix Schmedes) 102 

— Scuola universitaria professionale della Svizzera italiana (SUPSI) (Siro Dell'Ambrogio) 103 

— Altium Inc (Didrik Bech) 104 

— Erion Compliance Organization S.C.A R.L.  (Simonetta Cota, Viola Corbellini, Luca 105 
Campadello) 106 

— AT & S Austria Technologie & Systemtechnik Aktiengesellschaft (Raphael Schumacher, 107 
Christof Wernbacher, Ewa Zaleskiewicz) 108 

— Group ACB (Christophe Joyau) 109 

— CONFIDEE AS (Guro Krossen) 110 

— Zollner Elektronik AG (Thomas Mückl) 111 

— ASUSTek Computer INC. (Alan Lai) 112 

Attention is drawn to the possibility that some elements of this document may be subject to patent 113 
rights. CEN-CENELEC policy on patent rights is described in CEN-CENELEC Guide 8 “Guidelines for 114 
Implementation of the Common IPR Policy on Patent”. CEN and CENELEC shall not be held 115 
responsible for identifying any or all such patent rights. 116 

Although the Workshop parties have made every effort to ensure the reliability and accuracy of 117 
technical and non-technical descriptions, the Workshop is not able to guarantee, explicitly or 118 
implicitly, the correctness of this document. Anyone who applies this CEN and CENELEC Workshop 119 
Agreement shall be aware that neither the Workshop, nor CEN and CENELEC, can be held liable for 120 
damages or losses of any kind whatsoever. The use of this CEN and CENELEC Workshop Agreement 121 
does not relieve users of their responsibility for their own actions, and they apply this document at 122 
their own risk. The CEN and CENELEC Workshop Agreement should not be construed as legal advice 123 
authoritatively endorsed by CEN/CENELEC. 124 
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Introduction 125 

Repair, reuse, and recycling of products are key concepts of a sustainable economy. An increasing 126 
number of products contain electronics in the form of Printed Board Assemblies (PBA). These PBA 127 
are often valuable products in themselves, containing a wide variety of materials that are of critical 128 
economic and environmental importance. To facilitate the repair, reuse, and recycling of PBA, its 129 
components, and its materials, this document provides requirements, recommendations, and 130 
guidelines regarding: 131 

• Definition of the repair state of a PBA, 132 

• Repair and modification of PBA, 133 

• Design-for-Repair of products with embedded electronics, 134 

• Design-for-Repair of PBA, 135 

• Product and PBA mission tracking and event logging, 136 

• Full Material Declaration of location and amount of embedded materials, 137 

• Recycling of PBA, 138 

• Design-for-Recycling of products with embedded electronics, 139 

• Design-for-Recycling of PBA, 140 

• Responsibilities of manufacturers, repairers, recyclers, users. 141 

The requirements and recommendations regarding Full Material Declaration and event logging 142 
prepare for its integration in a Digital Product Passport as required by the EU Ecodesign regulation 143 
for Sustainable Products (ESPR). 144 
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1 Scope 145 

This CWA defines requirements and recommendations for recycling and repair aspects for printed board 146 
assemblies (PBAs) and could provide the basis for the repair and recycling related section in a future 147 
digital product passport for PCBAs. The document excludes the definition of an IT infrastructure and is 148 
orientated on the current developments of CEN/CLC-JTC 24 – DPP 149 

2 Normative references 150 

The following documents are referred to in the text in such a way that some or all of their content 151 
constitutes requirements of this document. For dated references, only the edition cited applies. For 152 
undated references, the latest edition of the referenced document (including any amendments) applies. 153 

IEC 61340-5-1, Electrostatics - Part 5-1: Protection of electronic devices from electrostatic phenomena - 154 
General requirements 155 

ANSI/ESD S20.20, Protection Of Electrical And Electronic Parts, Assemblies And Equipment (Excluding 156 
Electrically Initiated Explosive Devices) 157 

IPC-7711/21, Rework, Modification and Repair of Electronics Assemblies  158 

IPC/JEDEC J-STD-609, Marking, Symbols, and Labels of Leaded and Lead-Free Terminal Finished Materials 159 
Used in Electronic Assembly 160 

IPC/JEDEC J-STD-033, Handling, Packing, Shipping and Use of Moisture, Reflow, and Process Sensitive 161 
Devices 162 

IPC EIA/JEDEC J-STD-075, Classification of Passive and Solid State Devices for Assembly Processes 163 

IPC/JEDEC J-STD-020, Moisture/Reflow Sensitivity Classification for Non-hermetic Surface Mount Devices 164 
(SMDs) 165 

IPC J-STD-003 - Solderability Tests for Printed Boards 166 

IPC-T-50, Terms and Definitions for Interconnecting and Packaging Electronic Cicuits 167 

IPC-1752B, Materials Declaration Management 168 

IPC-A-610, Acceptability of Electronic Assemblies 169 

GEIA-STD-0006, Requirements for Using Robotic Hot Solder Dip to Replace the Finish on Electronic Piece 170 
Parts  171 

3 Terms and definitions 172 

For the purposes of this document, the following terms and definitions apply. 173 

ISO and IEC maintain terminological databases for use in standardization at the following addresses:  174 

— ISO Online browsing platform: available at http://www.iso.org/obp/ 175 

— IEC Electropedia: available at http://www.electropedia.org/ 176 

3.1. 177 

product 178 

any physical good that is placed on the market or put into service 179 

[SOURCE: EU 2024/1781 ESPR Regulation, Article 2, Definition 1] 180 

http://www.iso.org/obp/ui
http://www.electropedia.org/
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3.2. 181 

component 182 

product (3.1) intended to be incorporated into another product (3.1)  183 

[SOURCE: EU 2024/1781 ESPR Regulation, Article 2, Definition 2] 184 

3.3. 185 

Printed Board Assembly  186 

PBA 187 

assembly that uses a printed (circuit) board for component (3.2) mounting and interconnecting purposes 188 

Note 1 to entry: A PBA includes, besides all electronic components connected to it, also all mechanical components 189 
fixed to the PCB or one or more of its components (3.2) such as heat sinks, electromagnetic compatibility (EMC) 190 
shields, mechanical stiffners, etc.  191 

[SOURCE: IPC-T-50] 192 

3.4. 193 

Printed Circuit Board  194 

PCB 195 

composite structure incorporating point-to-point interconnections for electronic circuits 196 

Note 1 to entry: This document applies to all PBA (3.3) using a PCB complying to this definition irrespective of the 197 
base material used – rigid polymer, flexible polymer, ceramic, metal, or any combination of these. 198 

Note 2 to entry: It may include embedded components (3.2). 199 

[SOURCE: IPC-T-50] 200 

3.5. 201 

electronic component 202 

component (3.2) with an electronic function, typically mounted on a PCB (3.4) in a PBA (3.3) 203 

3.6. 204 

package 205 

total container which protects one or more electronic components (3.5) from mechanical, environmental 206 
and electrical damage throughout its operational life and which provides means of interconnection 207 

[SOURCE: IPC-T-50] 208 

3.7. 209 

Ball Grid Array  210 

BGA 211 

surface mount package (3.6) wherein the balls for terminations are formed in a grid on the bottom of a 212 
package (3.6) 213 

[SOURCE: IPC-T-50] 214 

3.8. 215 

leadframe 216 
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metallic portion of the device package (3.6) on which the integrated circuit die is mounted and connected 217 
from the die or dice bonding sites to the structure that becomes the outer leads of the package (3.6) 218 

[SOURCE: IPC-T-50] 219 

3.9. 220 

manufacturer 221 
any natural or legal person that manufactures a product (3.1) or that has a product (3.1) designed or 222 
manufactured, and markets that product (3.1) under their name or trademark 223 

Note 1 to entry: natural or legal person with responsibility for the design, manufacture, packaging and labelling of 224 
a device before it is placed on the market under his own name, regardless of whether these operations are carried 225 
out by that person himself or on his behalf by a third party 226 

[SOURCE: EU 2024/1781 ESPR Regulation, Article 2, Definition 42, modified – Note 1 to entry has been 227 
added from ISO 7396-2:2007, 3.20] 228 

3.10. 229 
authorized representative 230 

any natural or legal person established in the Union that has received a written mandate from the 231 
manufacturer (3.9) to act on the manufacturer’s behalf in relation to specified tasks with regard to the 232 
manufacturer’s obligations under the ESPR regulation 233 

Note 1 to entry:  Relevant regulations are CE marking, RoHS, Reach, ESPR, etc. 234 

[SOURCE: EU 2024/1781 ESPR Regulation, Article 2, Definition 43, modified – the word “this” has been 235 
changed with ESPR, note 1 to entry has been added] 236 

3.11. 237 

design authority 238 

manufacturer (3.9) or its authorized representative designing a product (3.1) to be placed on the market 239 

3.12. 240 

independent operator  241 

natural or legal person that is independent of the manufacturer (3.9) and is directly or indirectly involved 242 
in the refurbishment, repair, maintenance or repurposing of a product (3.1), and includes waste 243 
management operators, refurbishers, repairers, manufacturers (3.9) or distributors of repair equipment, 244 
tools or spare parts, as well as publishers of technical information, operators offering inspection and 245 
testing services and operators offering training for installers, manufacturers (3.9) and repairers of 246 
equipment 247 

[SOURCE: EU 2024/1781 ESPR Regulation, Article 2, Definition 47] 248 

3.13. 249 

repairer 250 

any natural or legal person who, related to that person’s trade, business, craft or profession, provides a 251 
repair service, including manufacturers (3.9) and sellers that provide repair services and repair service 252 
providers whether independent or affiliated with such manufacturers (3.9) or sellers 253 

[SOURCE: Directive EU 2024/1799, Article 2, Definition 2] 254 
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3.14. 255 
professional repairer  256 

natural or legal person that provides professional repair or maintenance services for a product (3.1), 257 
irrespective of whether that person acts within the manufacturer’s distribution system or independently 258 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 48] 259 

3.15. 260 

authorized repairer 261 

natural or legal person that provides professional repair or maintenance services for a product (3.1), 262 
acting as authorized representative (3.10) for regulatory compliant refurbishment 263 

3.16. 264 

recycler 265 

any natural or legal person who carries out recycling in a permitted facility 266 

[SOURCE: EU 2024/1252, Article 2, Definition 58] 267 

3.17. 268 

customer  269 

natural or legal person that purchases, hires or receives a product (3.1) for their own use whether or not 270 
acting for purposes which are outside their trade, business, craft or profession 271 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 35] 272 

3.18. 273 

user 274 

natural or legal person that uses a product (3.1) whether or not for purposes which are outside their 275 
trade, business, craft or profession 276 

3.19. 277 

repair  278 

one or more actions carried out to return a defective product (3.1) or waste to a condition where it fulfils 279 
its intended purpose 280 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 20] 281 

3.20. 282 
refurbishment 283 

action carried out to prepare, clean, test, service and, where necessary, repair (3.19) a product (3.1) or 284 
a discarded product (3.1) in order to restore its performance or functionality within the intended use and 285 
range of performance originally conceived at the design stage at the time of the placing of the product 286 
(3.1) on the market 287 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 18] 288 

3.21. 289 

modification  290 

the revision of the form, fit and/or functional capability of a product (3.1) to satisfy new acceptance 291 
criteria 292 
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[SOURCE: IPC-T-50] 293 

3.22. 294 

recycling  295 

any recovery operation by which waste materials are reprocessed into products, materials or substances 296 
whether for the original or other purposes  297 

Note 1 to entry: It includes the reprocessing of organic material but does not include energy recovery and the 298 
reprocessing into materials that are to be used as fuels or for backfilling operations. 299 

[SOURCE: Directive 2008/98/EC on Waste, Article 3, Definition 17]  300 

3.23. 301 

CE marking  302 

label by which the manufacturer (3.9) indicates that the relevant product (3.1) is in conformity with the 303 
applicable requirements set out in Union harmonisation legislation providing for its affixing 304 

3.24. 305 
technical specification  306 

document that prescribes technical requirements to be fulfilled by a product (3.1), process or service 307 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 49] 308 

3.25. 309 

defect 310 

departure of a quality characteristic from its intended purpose, level or state that occurs with a severity 311 
sufficient to cause an associated product (3.1) or service not to satisfy intended purpose, usage, 312 
performance, quality or compliancy requirements 313 

[SOURCE: IPC-T-50, modified] 314 

3.26. 315 

electrostatic discharge  316 

ESD 317 

rapid flow of electricity between objects with different potential 318 

[SOURCE: IPC-T-50] 319 

3.27. 320 

reliability 321 

probability that a product (3.1) functions as required under given conditions for a given duration without 322 
an occurrence which results in a primary or secondary function of the product (3.1) no longer being 323 
performed 324 

3.28. 325 

base material 326 

insulating material upon which a conductive pattern may be formed 327 

[SOURCE: IPC-T-50] 328 
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3.29. 329 

hot air solder leveling 330 

HASL 331 

physical deposition process using a solder bath into which the printed board is immersed into a molten 332 
solder bath and withdrawn across a set of hot air knives used to remove excess solder 333 

[SOURCE: IPC-T-50] 334 

3.30. 335 

critical metals 336 

metals that belong to the group of Critical Raw Materials (CRM) listed by the EU commission in its 337 
communication on critical raw materials in the framework of the Critical Raw Materials Act, Regulation 338 
2024/1252 339 

3.31. 340 

potting 341 

process of molding or encapsulating with a resin or other organic compound 342 

[SOURCE: IPC-T-50] 343 

3.32. 344 

conformal coating 345 

insulating protective covering that conforms to the configuration of the object coated providing a 346 
protective barrier against deleterious effects from environmental conditions 347 

[SOURCE: IPC-T-50] 348 

3.33. 349 

underfill 350 

compound used to fill the space underneath an electronic device 351 

[SOURCE: IPC-T-50] 352 

3.34. 353 

staking adhesive 354 

bonding or attaching of components (3.2), or component elements, to a surface or together by the 355 
application of small quantities of adhesive material 356 

[SOURCE: IPC-T-50] 357 

3.35. 358 

homogeneous material 359 

one material of uniform composition throughout or a material, consisting of a combination of materials, 360 
that cannot be disjointed or separated into different materials by mechanical actions such as unscrewing, 361 
cutting, crushing, grinding and abrasive processes 362 

[SOURCE: Directive 2011/65/EU, Article 3, Definition 20]  363 
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3.36. 364 

board type 365 

PBA (3.3) type as defined by IPC-7711/21 for repair (3.19) procedure selection purposes 366 

Note 1 to entry: The following types can be distinguished  367 

— Type R. Rigid Printed Boards and Assemblies; 368 

— Type F. Flexible Printed Boards and Assemblies; 369 

— Type W. Discrete Wiring Boards and Assemblies; 370 

— Type C. Ceramic Boards and Assemblies. 371 

[SOURCE: IPC-7711/7721] 372 

3.37. 373 

logbook 374 

record used to record states, events, or conditions applicable to complex machines or the personnel who 375 
operate them 376 

[SOURCE: https://en.wikipedia.org/wiki/Logbook] 377 

3.38. 378 

digital product passport  379 

DPP 380 

set of data specific to a product (3.1) that includes the information specified in the applicable delegated 381 
act adopted pursuant to Article 4 and that is accessible via electronic means through a data carrier in 382 
accordance with Chapter III of EU 2024/1781 Regulation ESPR 383 

[SOURCE: EU 2024/1781 Regulation ESPR, Article 2, Definition 28, modified – the part “EU 2024/1781 384 
Regulation ESPR” has been added] 385 

3.40 386 

exergy 387 

the amount of work or entropy-free energy a system can perform when it is brought into thermodynamic 388 
equilibrium with its environment, also referred to as “available energy” or “useful work potential” 389 

[SOURCE: ScienceDirect https://www.sciencedirect.com/topics/earth-and-planetary-sciences/exergy] 390 

3.41 391 

manufactured part 392 

part of a product (3.1) that is a basic part which is not an assembly of other parts and is created by the 393 
processing of base materials (3.28) 394 

Note 1 to entry: The base materials (3.28) can be metal alloys, polymers, ceramics, semiconductors, chemicals, etc. 395 
The processes can be deposition, etching, milling, curing, etc.  396 

Note 2 to entry: A characteristic of manufactured parts is that the separation of the homogeneous materials (3.35) 397 
in the manufactured part into separate material streams is often practically or economically not feasible. They are 398 
the parts at the lowest level in a system hierarchy that, typically, do not allow further disassembly.  399 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/exergy
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4 Printed Board Assembly status definitions 400 

4.1 Original state 401 

A PBA is in the original state when it is in the state, used or not, as it was put on the market by the 402 
manufacturer without having been subjected to any type of repair or modification. 403 

4.2 New state 404 

A PBA is in the new state when it is in the original state without having been put into service. 405 

4.3 Repaired state 406 

4.3.1 General 407 

A repair action brings a product with defects into a state which partially or completely restores the 408 
product’s purpose, quality, characteristics, performance, and regulatory compliancy.   409 

The following repaired states are defined: 410 

1. Repaired Printed Board Assembly: the repaired product performs its intended purpose. The 411 
quality, performance, or other characteristics may differ from that of the original PBA. Repair may 412 
yield a product that is not compliant to applicable regulations. 413 

2. Refurbished Printed Board Assembly: the repaired product performs its intended purpose. 414 
Quality, performance and other characteristics except the remaining lifetime, are restored as 415 
proven by testing approved by the product’s manufacturer. Refurbishment may yield a product 416 
that is not compliant to applicable regulations. 417 

3. Compliantly Refurbished Printed Board Assembly: the refurbished product is proven to be 418 
compliant to all regulations applicable to the original product. Its remaining lifetime may be lower 419 
than that of the new PBA.  420 

4.3.2 Repaired Printed Board Assembly  421 

The repairer shall follow guidance and recommended practices for ESD and other handling 422 
considerations of Printed Board Assemblies, as specified in IPC-A-610 Appendix A.  423 

A Printed Board Assembly shall be repaired as specified in IPC-7711/21 or repair instructions identified 424 
or provided by the manufacturer. The latter takes precedence over IPC-7711/21. 425 

Repair as specified in IPC-7711/21 shall be performed by professional repairers with IPC-7711/21 426 
certified operators, see Annex A, or equivalently qualified operators per quality-controlled training 427 
program and company specific certification auditable by third parties.  428 

Independent operators shall be professional repairers to be able to deliver PBA with the status “repaired 429 
PBA” to third parties. 430 

Since compliance might be lost by repair, a product with repaired PBA could possibly not be placed on 431 
the market. 432 

4.3.3 Refurbished Printed Board Assembly 433 

In order to be able to deliver PBA in the refurbished state, in addition to the Repaired Printed Board 434 
Assembly requirements, professional repairers shall have: 435 

• Instructions to remove PBA from the product without creating additional damage to the PBA, 436 
other product components, and the product as a whole; 437 
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• access to the PBA’s technical specifications, the detailed Bill-of-Material (BOM) and the design 438 
documentation of the PBA and its PCB, including electrical schematics, layout, PCB build-up, PCB 439 
ordering specification; 440 

• PBA test information and set-up that is capable to assure the post-repair quality of the PBA per 441 
the manufacturer’s technical specification;  442 

• instructions to reinstall the PBA in the product in a way that the product’s intended purpose, 443 
quality, and performance is restored. 444 

A refurbished Printed Board Assembly requires the highest level of conformance as defined in IPC-445 
7711/21. 446 

Professional repairers acting as independent operators can only deliver refurbished PBA if the above 447 
mentioned PBA documentation has been made public by the manufacturer or is offered by the 448 
manufacturer under contract to independent operators.  449 

Since compliance might be lost by refurbishment, a product with refurbished PBA could possibly not be 450 
placed on the market. 451 

4.3.4 Compliantly Refurbished Printed Board Assembly 452 

A PBA is a component. Regulatory compliancy applies to the final product. Therefore, compliancy is 453 
achieved by a set of technical specifications applying to the PBAs in a product, to other components, and 454 
to the product as a whole.  455 

A refurbished PBA state is a necessary but not a sufficient repair state to ensure compliance to all 456 
regulatory requirements of the product containing the refurbished PBA. Restoring intended purpose, 457 
quality, and performance repair actions may still jeopardize regulatory requirements related to e.g. EMC 458 
compliancy, electrical safety, RoHS compliancy, etc. The manufacturer should provide the technical 459 
documentation: 460 

• to allow compliant PBA refurbishment; 461 

• to ensure product compliancy after reinstallment of the compliantly refurbished PBA into the 462 
product, e.g. with respect to EMC and electrical safety compliancy.  463 

Specific repair instructions as well as additional compliancy testing may be required to reinstate 464 
regulatory compliance of the refurbished product.  465 

The manufacturer specifies if and under what conditions a (re)use of repaired or modified electronic 466 
components, e.g. reballed electronic components (Ball Grid Array), is acceptable for a compliantly 467 
refurbished PBA.   468 

Compliantly refurbished Printed Board Assemblies can only be delivered by the manufacturer or an 469 
authorized repairer. 470 

Since compliance may be reinstated, products with compliantly refurbished PBA could possibly be placed 471 
on the market. 472 

4.4 Modified Printed Board Assembly 473 

4.4.1 General 474 

A modified Printed Board Assembly is a refurbished PBA with hardware (component change) or software 475 
modifications to make changes to the PBA’s functionality, performance, or any other characteristics. 476 
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4.4.2 Compliantly modified Printed Board Assembly 477 

A compliantly modified PBA is a modified PBA that is fully compliant with applicable regulation to be put 478 
on the market. 479 

Compliantly modified Printed Board Assemblies can only be delivered by the manufacturer or an 480 
authorized repairer that has received the authorization and means from the manufacturer to perform 481 
modifications on a manufacturer’s PBA. 482 

4.4.3 Used state 483 

A PBA is in the used state when it has been put into service. This state shall be used in combination of the 484 
PBA states: original, repaired, refurbished, compliantly refurbished, modified, or compliantly modified. 485 

5  Repair and Modification 486 

5.1 General 487 

Repair consists of a sequence of several repair actions following industry-established procedures. The 488 
repair and modification methodology for PBA prescribed by IPC-7711/21 shall be followed by the 489 
repairer.  490 

Repair includes the following: 491 

— Repair Procedure Selection 492 

— Repair Equipment and Materials 493 

— Component Handling Considerations 494 

— Component refurbishment 495 

5.2 Repair procedure selection 496 

5.2.1 General 497 

Repair procedures should be selected based on several factors and the advantages of each method.  498 

Any repair activity may consist of the execution of several procedures in a specified order. 499 

Each procedure contains specific indicators for: 500 

- Levels of Conformance  501 

- Skill Levels 502 

- Board Types 503 

Guidance on procedure selection and application is found in Annex A.  504 

Additionally, for further information and guidelines on selecting a process, see IPC-7711/21.  505 

5.2.2 Levels of conformance 506 

Electronic assembly repairs following procedures in IPC-7711/21 are attributed a specific level of 507 
conformance when successfully completed.  508 

The level of conformance ratings is mainly based on serviceability factors but also on the skill of the repair 509 
personnel. Each repair procedure indicates a level of conformance obtained after the repair action is 510 
executed.  511 

Levels of conformance established by IPC-7711/21 are as follows: 512 
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— Lowest Level: Significant variance with the physical character of the original and may vary with 513 
many of the electrical, functional, environmental and serviceability factors. 514 

— Medium Level: Some variance with the physical character of the original and most likely varies 515 
with some of the functional, environmental and serviceability factors. 516 

— Highest Level: Most closely duplicates the physical characteristics of the original and most 517 
probably complies with all the functional, environmental and serviceability factors. 518 

For further guidance and functional considerations on the levels of conformance, IPC-7711/21 provides 519 
specific information on functional considerations as per each level of conformance in Table 1 of IPC-520 
7711/21.  521 

5.2.3 Board Types 522 

Procedures are intended to be used on specific board types, given the nature of the substrates in each 523 
type of PBA.  524 

Each procedure in IPC-7711/21 indicates the applicable board type for which the procedure is designed.  525 

For definitions of specific board types and their applicable procedures see IPC-7711/21D 1.8.  526 

5.3 Repair equipment and materials 527 

Professional repairers shall have access to guidelines and instructions to ensure repaired or modified 528 
PBA are delivered in the envisaged state. Professional repairers acting as independent operators can only 529 
deliver refurbished PBA if the above-mentioned PBA documentation has been made public by the 530 
manufacturer or is offered by the manufacturer under contract to independent operators.  531 

Each rework and repair procedure established by IPC-7711/21 prescribes its required tooling, 532 
equipment, and materials. These are essential to ensure that personnel performing the repair can follow 533 
the procedure successfully.  534 
The repairer shall only use tooling, equipment, and materials prescribed in IPC-7711/21.  535 
 536 
IPC-7711/21 Section 1.12 Workstations, Tools, and Materials, provides general information on 537 
equipment, tools, and materials.  538 

5.4 PBA and component handling considerations 539 

5.4.1 General 540 

A repair activity includes the handling of PBA and components that may be sensitive to moisture, 541 
soldering process conditions, chemicals, cleaning agents and electrostatic discharge. Mitigation actions 542 
shall be taken to ensure that the repair activity does not cause damage to components being replaced or 543 
subjected to repair, as well as to adjacent components.  544 

5.4.2 Moisture, reflow and process sensitive devices handling 545 

Components classified to sensitivity levels as established by IPC/JEDEC J-STD-020 or IPC EIA/JEDEC J-546 
STD-075 shall follow the handling, packing, and shipping requirements for moisture, reflow, or process-547 
sensitive devices as described in IPC/JEDEC J-STD-033.  548 

IPC/JEDEC J-STD-033 provides a methodology for preventing damage caused by moisture absorption and 549 
exposure to solder reflow temperatures. The standard is used for mass reflow processes but also applies 550 
to single local heating actions, such as hot air rework.  551 

The sensitivity ratings have been established by industry and are described by the following standards: 552 

— IPC/JEDEC J-STD-020 - Establishes Moisture Sensitivity Level (MSL) criteria 553 
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— IPC EIA/JEDEC J-STD-075 - Establishes Process Sensitivity Level (PSL) criteria 554 

Moisture-sensitive components removed from the PBA for reuse shall be evaluated for compatibility with 555 
dry-baking conditions of IPC/JEDEC J-STD-033. Components that can withstand the specified baking 556 
conditions shall be baked per one of the  IPC/JEDEC J-STD-033 baking conditions. Components that 557 
cannot be safely baked shall be replaced. After removal, all reusable moisture-sensitive components shall 558 
be packaged and handled as described in IPC/JEDEC J-STD-033 requirements. 559 

5.4.3 Electrostatic discharge prevention 560 

When the repair actions involve printed board assemblies that contain components that are sensitive to 561 
electrostatic discharge (ESD), the repairer shall follow ESD guidelines as specified by IPC-A-610, 562 
Appendix A, and implement a documented ESD control program following either: 563 

— ANSI/ESD S20.20; 564 

— IEC 61340-5-1; 565 

— As established in agreement with the manufacturer. 566 

5.5  Electronic component refurbishment 567 

5.5.1 General  568 

Component refurbishment or reclamation utilizes specialized processes that require controls to ensure 569 
the physical integrity of the component and termination are maintained for component reuse.  570 

In general, the macro process consists of the following steps: 571 

1. Pre-baking of PBA for moisture removal. 572 
2. Component removal via localized reflow with a controlled and appropriate 573 

time/temperature profile for thermal management (see IPC-7711/21). 574 
3. Component termination refinishing. 575 
4. The processes are package type specific, such as BGA reballing or alloy refresh.  576 
5. Component cleaning to eliminate flux residues and ionic contamination. 577 
6. Component inspection and process qualification to include the following. 578 

a. First Article Inspection (FAI) to assess remount reliability. 579 
b. Process controls, such as the use of automated optical inspection (AOI), 580 

solderability tests, X-ray inspection, electrical testing and alloy purity testing. 581 
c. Component handling, packaging and storage under controlled conditions, as 582 

specified in IPC/JEDEC J-STD-033. 583 

5.5.2 Pre- and post-refurbishment drying and dry storage 584 

Drying and components that are removed from the PBA to be reused shall be dry storage-baked as 585 
described in IPC/JEDEC J-STD-033 conditions and after removal, be packaged, handled and stored as 586 
described in IPC/JEDEC J-STD-033.  587 

This step is especially critical to avoid moisture-induced damage as described in J-STD-020, J-STD-033 588 
and J-STD-075 to those components for reuse. See 5.4.2 for moisture, reflow and process sensitive devices 589 
handling considerations.   590 

5.5.3 Reballing of BGA electronic components 591 

Ball grid array (BGA) components are non-hermetic packages that are prone to internal damage due to 592 
moisture absorption. When a BGA is removed for reuse, special considerations are necessary such as 593 
recommended maximum reflow cycles established by the component manufacturer, rework process 594 
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temperature profiles and dry-baking to avoid a popcorning effect. For specialized information on BGA 595 
rework processes, refer to process guidance on IPC-7095.  596 

Ball grid array (BGA) components shall be reballed before reuse, as per procedures prescribed by IPC-597 
7711/21. Refer to the following industry-adopted procedures in IPC-7711/21 for reballing: 598 

• 5.7.4 BGA Reballing Procedure – Paper Carrier Method 599 

• 5.7.5 BGA Reballing Procedure – Polyimide Stencil Method 600 

• 5.7.6 BGA Reballing Procedure – Polyimide Solder Ball Stencil Carrier Method 601 

5.5.4 Leadframe based electronic components 602 

Leadframe-based packages use a metal leadframe to create the solderable terminals and to which the 603 
electronic component structure (Integrated Circuits (IC) or non-Integrated Circuit (non-IC)) is connected.   604 
The use of plastic makes them sensitive to moisture and certain process conditions. See IPC/JEDEC J-STD-605 
020 (non-hermetic SMD) and IPC EIA/JEDEC J-STD-075 (non-IC) for classifications of such components 606 
and identification of bake cycles required.  607 

When this type of component is removed for reuse, the component terminations or leads shall be 608 
refinished in accordance with GEIA-STD-0006.  609 

Solderability test for component termination or leads shall be conducted as defined in IPC J-STD-003.  610 

5.5.5 Non-IC electronic components 611 

Non-IC electronic components have thermal process limitations as prescribed and classified by IPC 612 
EIA/JEDEC J-STD-075. This joint standard defines evaluation procedures to classify these packages based 613 
on their process sensitivity level (PSL) rating, which is used to determine whether a component can 614 
withstand a solder assembly process while still meeting reliability and quality requirements.  615 

When this type of component is removed for reuse, the component terminations or leads shall be 616 
refinished in accordance with GEIA-STD-0006.  617 

Solderability test for component termination or leads shall be conducted as defined in EIA/IPC/JEDEC J-618 
STD-003.  619 

5.5.6 Electronic components marking 620 

Marking and labelling of components for reuse shall be in accordance with IPC/JEDEC J-STD-609. This 621 
joint standard provides the requirements for marking of components regarding the terminal 622 
metallization used and labelling their shipping packaging. A unique identifier shall be used to enable 623 
traceability and unit-level tracking.  624 

5.6 Repair proficiency 625 

5.6.1 Importance of repair proficiency 626 

The quality and reliability of a repaired product is highly dependent on the skill and competence of the 627 
individual performing the repair action. Training and certification are essential to ensure the repair 628 
action complies with the existing best industry practices and procedures.  629 

5.6.2 Personnel proficiency 630 

The individual performing the repair actions shall be proficient in the task to be performed. Proficiency 631 
requires personnel to be certified in IPC-7711/21 or equivalently qualified and approved by the 632 
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manufacturer for authorized repairers. Objective evidence of such proficiency shall be maintained and 633 
available for review.  634 

Supervised on-the-job training is acceptable until proficiency is demonstrated.  635 

See Annex A.1 for further information on personal proficiency. 636 

5.6.3 Training and certification 637 

The electronics industry relies on the IPC-7711/21 Training and Certification program to ensure that 638 
rework and repair operations follow industry consensus procedures.  639 

See Annex A for further guidelines in applying IPC-7711/21.  640 

5.6.4 Skill level 641 

The IPC-7711/21, establishes three skill levels that should be used as a guide in selecting a procedure for 642 
repair: 643 

— Intermediate Level 644 

— Advanced Level 645 

— Expert Level 646 

Each repair procedure contains a skill level indicator based on industry experience. See Annex A.2 for 647 
further information on determining the skills level of the personnel.  648 

5.7 Data collection for repair 649 

5.7.1 Mission tracking 650 

The manufacturer of the product with embedded PBA may implement means to monitor and track the 651 
use of the product and its status for reasons like customer support, maintenance, reuse, etc. If available, 652 
the manufacturer shall grant access to its authorized repairers and may grant access to independent 653 
professional repairer to use this information to evaluate the viability of executing a repair with respect 654 
to remaining lifetime, economic viability, quality and reliability risks, etc.    655 

5.7.2 Product logbook 656 

It is recommended to log all maintenance and repair events as well as all exceptional events that may 657 
have an impact on the reliability of a product, in a product logbook that shall be used by the repairer for 658 
evaluating a repair.  659 

Regulation EU 2024/1781 ESPR specifies requirements for the digital product passport. The logbook 660 
shall meet the requirements of the DPP, specifically the product parameters that should be provided 661 
described in Annex I.   662 

5.8 Authority determination 663 

5.8.1 Responsibilities regarding repairability of PBA and compliance of products with 664 
repaired/refurbished/modified PBA 665 

Only regulatory compliant products can be placed on the market, e.g. CE certified products. According to 666 
EU 2024/1781 Regulation ESPR Article 44 the manufacturer of a product bears full responsibility of the 667 
compliancy of the products it places on the market. Therefore, only manufacturers or their authorized 668 
representatives can place a refurbished or modified product on the market. These refurbished or 669 
modified products shall be in the compliant product state.  670 
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Removal of PBA for reuse shall be performed by a professional repairer. For compliant reuse, the repairer 671 
shall be an authorized repairer.  672 

The manufacturer shall make available the list and contact information of its authorized repairers.  673 

The manufacturer is encouraged to define repair and modification actions which are allowed to be 674 
executed by independent operators without losing regulatory compliancy that is under the 675 
manufacturer’s responsibility. Such acceptable actions can be the replacement of PBA or other 676 
components of a product by approved spare parts.  677 

The manufacturer shall make the instructions for these actions publicly available as part of the product’s 678 
user or maintenance manual. If required, the instructions shall define the use of specific tools for 679 
disassembly and reassembly. If applicable, (dis)assembly tools shall be delivered together with the 680 
product for parts that need regular replacement. The manufacturer shall provide correct and clear 681 
instructions to execute the repair actions safely and with a minimal probability of damaging the product 682 
or its components. The instructions may specify the required skill level of the repairer. 683 

Compliant refurbishment or modification of product components, such as PBA, are typically out of scope 684 
of independent repairers. With proper repair instructions the manufacturer can make an exception to 685 
this general rule.  686 

If the manufacturer has information that is helpful in reducing the risks of repair processes, it shall be 687 
made accessible to the repairer. This information may include, for example, indications of which toxic 688 
substances are released during thermal processes, e.g. desoldering a conformally coated component. 689 

5.8.2 Documentation, certification and labelling 690 

All repair actions shall be documented.  691 

For the product, this documentation shall at least contain 692 

1. Date of repair; 693 

2. List of repairs; 694 

3. List of replaced parts and full identification of the spare parts used. The latter can be a repaired 695 
PBA. Specification of the tests performed to ensure quality of repair; 696 

4. if applicable, specification of tests performed to ensure final product compliancy. 697 

For the repair of a PBA, this documentation shall at least contain 698 

1. Date of repair; 699 

2. List of repairs; 700 

3. for all repairs, identification of the repair procedures as described in IPC-7711/21 or per 701 
manufacturer’s repair instructions; 702 

4. Identification of PBA components (electronic or other) that are replaced (location, circuit 703 
reference (if available), type) and the detailed identification of the replacing component 704 
(component ID, supplier, Manufacturer Part Number); 705 

5. specification of the tests performed to ensure quality of repair; 706 

6. if applicable, specification of tests performed to ensure final product compliancy; 707 

For compliantly refurbished or modified PBA the manufacturer or its authorized repairer shall provide 708 

1. all the required certifications per CE certification;  709 

2. a new CE marking per Articles 44 to 47 of  EU 2024/1781 (ESPR); 710 

3. an indication of its compliantly refurbished state and date of refurbishment; 711 

4. if there is insufficient room on the product, labels or their content shall be added on the package 712 
and in the product documentation.;  713 
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5. all other certifications that may be required to operate the refurbished or modified PBA in the 714 
envisaged application compliantly shall be provided. 715 

5.8.3 Design-for-Repair 716 

5.8.3.1 Product Design-for-Repair 717 

The manufacturer should maximize the repairability of a product. Accessibility and possibility to 718 
disassemble and reassemble repaired product components is essential for repairability. The following 719 
Design-for-Repair actions at product level should be applied by the design authority related to the PBA 720 
embedded in the product: 721 

— the PBA is accessible and can be removed without requiring extensive disassembly of the 722 
product; 723 

— the PBA can be accessed and removed without compromising the ability to reassemble the 724 
product in its original, compliant condition;  725 

— the PBA can be electrically and mechanically disconnected from the product without 726 
compromising the ability to reconnect it in its original, compliant state;  727 

— the use of special disassembly and reassembly tools should be avoided; 728 

— create PBA removal instructions for repair or reuse; 729 

— create PBA (re)installment instructions. 730 

Permanent connection methods shall be avoided for interfaces that must be disconnected during repair 731 
procedures. This includes connections that are soldered, welded, glued, riveted or connected by any other 732 
method that requires destructive deconnection. As an alternative, reconnectable technologies such as 733 
bolts, screws, electrical connectors, clamps or similar methods should be used. To allow ease of 734 
deconnection and reconnection the connections should be accessible and provide sufficient room for tool 735 
placement and use. Any potential negative impact of the selected method on the product’s reliability 736 
should be minimized.  737 

5.8.3.2 PBA Design-for-Repair 738 

To enable professional repairers to perform PBA repairs in accordance with IPC-7711/21 or an 739 
equivalent standard, the design authority should implement appropriate design-for-repair measures 740 
during the design phase, while carefully evaluating the impact of these measures on the overall reliability 741 
of the PBA: 742 

— no use of potting. Potted PBA are unrepairable; 743 

— no use of conformal coating. If unavoidable, a coating that can be chemically or mechanically 744 
removed locally should be selected. Clear instructions shall be provided for its reapplication; 745 

— no use of component underfill. If unavoidable, a repairable underfill should be selected. Clear 746 
instructions shall be provided for its reapplication. The use of repairable underfill may have a 747 
negative impact on the reliability of the PBA by increasing solder joint fatigue; 748 

— no use of staking adhesives. The absence of staking adhesives can have a negative impact on the 749 
robustness and reliability under vibration of the PBA; 750 

— make mechanical components such as EMC shields, heatsinks, and stiffeners easily removable; 751 
Provide instructions for their proper reassembly; For heatsinks, specify the thermal interfacing 752 
material and its proper application; 753 
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— connect daughter boards to mother boards using connectors to provide access to components 754 
underneath the daughter boards. The use of connectors may have a negative impact on the 755 
reliability of the PBA by introducing contact wear as a reliability hazard; 756 

— put components with a limited lifetime or that are upgradable or expandable in capacity like 757 
memory ICs, in sockets; 758 

—  provide sufficient room around IC components with bottom-side contacts like Ball Grid Arrays: 759 

— 4mm free of neighbouring IC components; 760 

— 2mm free of neighbouring non-IC components such as resistors and capacitors. 761 

— select PCB base materials that allow two IC replacements per IC. This implies six solder cycles on 762 
top of the number of soldering processes required to assemble the PBA. For Hot Air Solder 763 
Levelled (HASL) PBA, add two additional solder steps. For repair with lead-free solder this 764 
typically implies the use of mid— or high- performance lead-free solderable laminates as 765 
described by IPC-4101 and for board type R PBA by IPC-7711/21; 766 

— create PBA compliant refurbishment instructions for the authorized repairer. 767 

6 Recycling 768 

6.1 General 769 

The Full Material Declaration (FMD) provided by the manufacturer for its products should provide the 770 
recycler with the location and the amounts of valuable materials. It is the basic source of information for 771 
recycling optimisation. The content and responsibilities regarding the FMD are specified. Technical 772 
documentation and disassembly instructions should help the recycler to optimize waste streams and to 773 
allow the selective removal of components. Design-for-Recycling recommendations to facilitate recycling 774 
by the manufacturer are given. 775 

6.2 Proficiency to recycle electronics 776 

To maximize recycling efficiency the recycler of products containing electronics should obtain basic 777 
knowledge: 778 

— of the use of materials in electronics; 779 

— where the most valuable and critical metals are typically located in electronics, including PCB, 780 
PBA, electronic components, cabling, and mechanical parts.  781 

This will allow the recycler to optimally sort PCB and electronic components towards the proper metal 782 
recycling processes.  783 

6.3 Data collection 784 

6.3.1 Full Material Declaration 785 

6.3.1.1 General 786 

The manufacturer shall provide a full material disclosure of the products it places on the market. The 787 
material disclosure shall specify the composition of materials including detailed chemical identification 788 
(CAS number, chemical formula) and the weight of the constituting elements, for all its components at 789 
the homogeneous material level. 790 

Regulation EU 2024/1781 ESPR specifies requirements for the digital product passport. The FMD shall 791 
meet the requirements of the DPP, specifically the product parameters that should be provided described 792 
in Annex I (f). 793 
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In addition to complying with all applicable legal requirements for material declarations, a reference shall 794 
be provided to the full material declaration, which specifies the location and quantity of the substances 795 
to which the declarations apply.  796 

The product full material disclosure allows the recycler to identify which materials are located where and 797 
in which concentrations in the product and its components such as its PBAs.  798 

The manufacturer shall make the product FMD publicly and electronically accessible through its 799 
proprietary database or, preferably, through publicly accessible databases. 800 

6.3.1.2 PBA 801 

For the PBA the product manufacturer shall provide a FMD as described in IPC-1752B class D or 802 
equivalent. The FMD shall include at homogeneous material level: 803 

— FMD of all components; 804 

— FMD of the PCB; 805 

— FMD of the materials added in Printed Board assembly (solder, adhesives, no-clean fluxes, etc.) 806 
in their final state in the assembly, e.g., SnAg3Cu0.5 solder alloy, not solder paste.  807 

6.3.1.3 Accuracy of Full Material Declaration 808 

The composition of a homogeneous material shall be specified with an accuracy of 0.1 mass fraction in % 809 
point. 810 

For substances that may vary in concentration due to manufacturing process variations or due to 811 
variations of natural origin, the concentration or weight range shall be specified by either: 812 

— a minimum, maximum and typical value, e.g., phosphorous in electroless nickel: min. 5.7%, typical 813 
7.6%, max. 10.2%; 814 

— a median value and a minimum to maximum concentration range for symmetrically distributed 815 
variations around the median, e.g., Ag in SnAg3Cu0.5 solder alloy: 3.00.2%. 816 

Substances of the homogeneous material below 0.1 % mass fraction do not need to be declared except 817 
when required per regulations, e.g., 0.01wt% for Cd per Restriction on Hazardous Substances (RoHS) 818 
directive.  819 

In a manufactured part, the composition of homogeneous materials that constitute less than 0.1 % mass 820 
fraction of the manufactured part do not need to be declared in detail except when required per 821 
regulations. For example, metal interconnect and dielectric layers of ICs do not need to be declared except 822 
if they contain regulated substances like lead in PZT ferroelectric layers per RoHS directive. If the IC’s 823 
transistor and interconnect structure constitute less than 0.1 % mass fraction of the silicon die, the IC die 824 
can be declared as 100% silicon. 825 

When the total amount of homogeneous materials that individually constitute less than 0.1wt% of the 826 
manufactured part, constitute more than 0.1 % mass fraction of the manufactured part, they can be 827 
collected in a material category “Miscellaneous materials” for which:  828 

— the total weight and the composition are specified; 829 

— the weight of those constituents of the “Miscellaneous materials” collective that make up as a 830 
whole 0.1 % mass fraction or more of the part are specified. 831 

The sum of the weight of all its constituents shall sum to the total weight of the homogeneous material. 832 

The weight of all homogeneous materials making up a part will sum to the total weight of the part. 833 
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6.3.1.4 Substance identification 834 

Substance identification shall be as follows, in order of decreasing preference: 835 
1. Substances shall be identified by their CAS registry number; 836 

2. Mixtures of substances making up a homogeneous material that does not have a CAS registry 837 

number assigned, shall be identified by the CAS registry number of their constituents and their 838 

weights or weight percentages; 839 

3. Substances that have no CAS registry number shall be identified by their chemical formula 840 

identifying all chemical elements and their number, e.g., silicon nitride is identified as Si3N4 not 841 

SiN. Additionally, information regarding the material’s nature relevant for recycling should be 842 

provided, e.g., solid phase state: amorphous, crystal type, or other. 843 

4. Substances that cannot be identified using CAS registry numbers or chemical formulas, should be 844 

described as accurate as possible using internationally standardized material nomenclature such 845 

as ISO 1043 series for plastics, ISO 1629 and ISO 18064 for elastomers, EN 10027 series for steel, 846 

EN 573 series for aluminium alloys, etc.  847 

6.3.1.5 Right of non-disclosure 848 

Regulated substances need to be declared per applicable regulation. 849 

Industry standards may mandate the declaration of additional substances. 850 

For trade secret reasons and for substances not belonging to the above, the manufacturer has the right 851 
not to disclose publicly and in detail up to 10% of the total mass fraction of a homogeneous material. The 852 
information should be available to authorized representatives and users on a need-to-know basis, and to 853 
governmental institutions if required per regulations. 854 

To allow safe, quality repair and modification, and for efficient recycling, non-disclosed substances in 855 
homogeneous materials shall at a minimum be specified by: 856 

1. their weight; 857 

2. their functionality in the homogeneous material being declared and that belongs to following 858 

material categories: 859 

a. Polymers: 860 

i. Plasticizer 861 

ii. Flame retardant 862 

iii. Filler: thermomechanical properties 863 

iv. Filler: electromagnetic properties 864 

v. Filler: optical properties (pigment, UV resistance…) 865 

vi. Copolymer 866 

vii. Other: describe 867 

b. Metals and alloys: 868 

i. Alloying element: mechanical properties 869 

ii. Alloying element: electromagnetic properties 870 

iii. Alloying element: optical properties 871 

iv. Alloying element: corrosion and wear 872 

v. Filler: thermomechanical properties 873 

vi. Filler: electromagnetic properties 874 

vii. Filler: optical properties 875 

viii. Filler: corrosion and wear 876 

ix. Other: describe 877 
c. Ceramics 878 

i. Filler: thermomechanical properties 879 
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ii. Filler: electromagnetic properties 880 

iii. Filler: optical properties 881 

iv. Filler: corrosion and wear 882 

v. Other: describe 883 

d. Glass 884 

i. Glass compound: mechanical properties 885 

ii. Glass compound: electromagnetic properties 886 

iii. Glass compound: optical properties 887 

iv. Glass compound: corrosion and wear 888 

v. Filler: thermomechanical properties 889 

vi. Filler: electromagnetic properties 890 

vii. Filler: optical properties 891 

viii. Filler: corrosion and wear 892 

ix. Other: describe 893 

e. Semiconductors 894 

i. Doping 895 

ii. Other: describe 896 

f. Liquids and pastes 897 

i. Chemical compound: mechanical properties 898 

ii. Chemical compound: electromagnetic properties 899 

iii. Chemical compound: optical properties 900 

iv. Chemical compound: degradation 901 

v. Filler: thermomechanical properties 902 

vi. Filler: electromagnetic properties 903 

vii. Filler: optical properties 904 

viii. Filler: degradation 905 

ix. Other: describe 906 

3. their nature: 907 

a. Inorganic: 908 

i. Metal, metal alloy 909 

ii. Ceramic 910 

iii. Glass 911 

iv. Semiconductor 912 

v. Inorganic chemical: acid, base, salt… 913 

vi. Other: describe 914 

b. Organic: 915 

i. Polymer 916 

ii. Biomaterial 917 

iii. Organic chemical: acid, base, alcohol, … 918 
iv. Metal-organic compound, e.g., anti-tarnishing and brightener compounds in metal 919 

finishes. 920 

v. Other: describe. 921 

6.4 Authority Determination 922 

6.4.1 Full Material Declaration responsibilities 923 

The manufacturer shall provide the FMD for the product it places on the market, including all of its 924 
components.   925 
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For creating the FMD of a PBA, the following steps should be taken: 926 

1. the manufacturer or its design authority shall collect the FMDs of all the components in the Bill-927 
of-Material of the PBA from the component suppliers; 928 

2. the manufacturer or its design authority shall create the FMD of the PCB based on the PCB design 929 
and the FMD of the base materials (laminates), solder mask, and all other materials added. PCB 930 
suppliers should collect FMD information from their material suppliers to make it available to 931 
their customers. The design authority may delegate the creation of the PCB FMD to its PCB or 932 
electronics manufacturing service provider; however, it retains ultimate responsibility for its 933 
accuracy and completeness; 934 

3. The manufacturer or its design authority shall create the FMD of the PBA based on the FMDs of 935 
the components, the FMD of the PCB, the PBA design which determines the type and number of 936 
materials such as solder and adhesives added, and the FMD of the assembly materials used.  An 937 
electronic assembly service supplier should collect FMD information from its material suppliers 938 
to make it available to its customers. The design authority may delegate the creation of the FMD 939 
to its electronic manufacturing service provider; however, it retains ultimate responsibility for its 940 
accuracy and completeness. 941 

6.4.2 Responsibilities related to recycling of PBA 942 

The manufacturer should maximize the recyclability of its products. Ease of disassembly of the product 943 
and sorting of its components according to their material content are essential to maximize recyclability 944 
of the product.  945 

Since PBAs typically contain high-value and critical metals, manufacturers should design products to 946 
allow easy removal of the PBA. In recycling scenarios, PBA removal may involve destructive processes 947 
affecting both the product and the PBA, and reassembly is not possible. To support proper recycling, 948 
manufacturers should provide clear, publicly accessible instructions for PBA removal. 949 

Whenever possible, the recycler should 950 

— establish specific recycling metal recycling flows, e.g. for low value metals (Fe, Al, etc), high value 951 
metals (noble metals, Cu, Sn, etc.), specific metals (Ta, Co, etc); 952 

— gain knowledge about the materials used in PBA, its PCB and its components for sorting 953 
purposes; 954 

— identify the product to be recycled; 955 

— obtain the disassembly instructions for product and PBA; 956 

— obtain the FMD of the product and its components; 957 

— remove PBA per removal instructions for recycling; 958 

— remove mechanics such as heatsinks, shields, stiffeners from the PBA; 959 

— desolder electronic components; 960 

— using the FMD information or technology knowledge-based sorting techniques, sort PBA 961 
components and PCB with respect to their suitability to enter the recycling flow with the highest 962 
recyclability efficiency; 963 

— avoid shredding of PBA prior to desoldering of components.  964 
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6.4.3 Disassembly instruction for recyclers 965 

6.4.3.1 Product disassembly 966 

The manufacturer of products with embedded PBAs shall provide a dedicated disassembly instruction to 967 
allow the recycler to remove PBA from the product for recycling that consists of at least the following 968 
structure: 969 

— product identification; 970 

— drawings of the product build-up indicating the location of PBAs; 971 

— disassembly instructions; 972 

o step by step documentation of the disassembly; 973 

o recommended tools for disassembly. 974 

— product Bill-of-Materials with FMD per component 975 

o for PBA as specified in IPC-1752A, class D or equivalent, e.g. International Material Data 976 
System (IMDS) for automotive PBA.  977 

6.4.3.2 PBA disassembly 978 

If applicable the manufacturer may: 979 

— supply instructions for the removal of certain components from the PBA;  980 

— identify electronic components that cannot be removed by (mass) desoldering;  981 

If the manufacturer has information that is helpful in reducing the risks of recycling processes, it should 982 
be made accessible to recyclers. This information may include, for example, indications of which toxic 983 
substances are released during thermal processes. 984 

6.4.3.3 Information for selective removal of components 985 

For selective removal of components, it is necessary to have information on the position of the 986 
components to be removed selectively.  987 

A layout with position of the components and component identification is required and should be 988 
obtained from the manufacturer by the recycler. 989 

6.4.4  Design-for-Recycling 990 

6.4.4.1 Product Design-for-Recycling 991 

The manufacturer should maximize the recyclability of a product. Possibility to disassemble the product 992 
is essential to recyclability maximization, see Annex B. The following Design-for-Recycling actions at 993 
product level should be applied by the design authority related to the PBA embedded in the product: 994 

— PBA is accessible and removable as a whole from the product prior to shredding of the product. 995 
Electrical and mechanical connections between PBA and the product may be irreparably 996 
broken; 997 

— create PBA removal instructions for recycling. 998 

To allow ease of disconnection the connections should be accessible and provide sufficient room for 999 
disconnection tool placement and use.  1000 
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6.4.4.2 PBA Design-for-Recycling 1001 

To allow a recycler to maximize recycling efficiency, the following PBA design-for-Recycling actions 1002 
should be taken by the design authority: 1003 

— put power electronics which contains a high amount of low value metals like Fe and Al on a 1004 
separate PBA; 1005 

— avoid the use of potting. Potting makes PBA disassembly impossible; 1006 

— avoid the use of thermo-hardened underfills or adhesives like epoxies that attach components to 1007 
the PCB. Such components cannot be desoldered from the PCB; 1008 

— facilitate the disconnection of mechanical components such as EMC shields, heatsinks, and 1009 
stiffeners. Disconnection may be destructive, e.g. using breakable connections. Such connections 1010 
should not jeopardize the PBA’s robustness or reliability  1011 
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Annex A 1012 

(normative) 1013 

 1014 

Applying IPC-7711/21 1015 

A.1 Guidelines for Personnel Proficiency 1016 

Authorized repair personnel are certified under the training and certification program of IPC-7711/21 to 1017 
become proficient in the task to be performed. This training exposes the personnel to many repair 1018 
procedures, following the electronics industry's step-by-step procedures to successfully complete the 1019 
repair activity.  1020 

A.1.1 Training and Certification to IPC-7711/21 1021 

The Certified IPC Specialist (CIS) Certification is modular and may be tailored to the type of repair activity 1022 
needed. Workmanship skills/inspection modules are categorized as follows: 1023 

1. Wiring:  1024 

a. Wire Splicing Module 1025 

2. Through Hole Technology: 1026 

a. Through-Hole Components Module 1027 

3. Surface Mount Technology: 1028 

a. Chip and MELF Components Module 1029 

b. Gull Wing Components Module 1030 

c. J-Lead Components Module 1031 

4. Board Level Repair: 1032 

a. PWB Circuit Repair Module 1033 

b. Laminate Repair Module 1034 

5. Coatings: 1035 

a. Conformal Coating Module 1036 

IPC-7711/21 Certificates display the following information: 1037 

— Name of certified individual, 1038 

— Date of completion of mandatory module, 1039 

— IPC-7711/7721 Certified IPC Trainer (CIT) name and company/employer, 1040 

— Certification expiration date, 1041 

— Workmanship skills/inspection modules completed date. 1042 

All instructors involved in repair activities shall be certified to IPC-7711/21 as Certified IPC Trainers. 1043 
This certification is not modular since the instructors have to be able to train repair personnel on any 1044 
module of the Certified IPC Specialist program.  1045 

Certifications are issued to individuals, are non-transferable, and remain active for 24 months as 1046 
prescribed by IPC policies and procedures.  1047 
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A.2 Guidance for skill level  1048 

The IPC-7711/21 establishes three skill levels that are used as a guide when selecting a procedure for 1049 
repair. These levels are defined by IPC-7711/21 as:  1050 

— Intermediate Level: Technician with skills in basic soldering and component rework but 1051 
inexperienced in general repair/rework procedures; 1052 

— Advanced Level: Technician with soldering and component rework skills and exposure to most 1053 
repair/rework procedures but lacking extensive experience; 1054 

— Expert Level: Technician with advanced soldering and component rework skills and extensive 1055 
experience in most repair/rework procedures. 1056 

These levels serve as a guide. They are intended to provide a difficulty rating of each procedure and assist 1057 
in the selection of a method based on the operator's skill.  1058 

A.3 Guidance for procedure selection and application 1059 

The intended PBA product functionality determines the primary considerations when selecting the 1060 
procedures to be used in a repair activity.  1061 

It is established by combining the indicators that each procedure contains in IPC-7711/21. The order in 1062 
which the procedures are applied and the procedures selected have a critical impact on the repaired PBA.  1063 

The order in which the activity is performed is crucial to the repair action, typically the the repair action 1064 
consists of: 1065 

1. PBA preparation: For example, baking of the PBA to remove moisture and avoid entrapped 1066 
moisture-related defects;  1067 

2. Coating removal: Many PBA are protected with conformal coating or other coatings that are 1068 
used to prevent ingression of moisture in their service environment;  1069 

3. Component removal: Selecting the adequate method for removing the component on the PBA;  1070 

4. Land preparation: Before a new component can be installed, the lands on the PBA must be 1071 
prepared for installation;  1072 

5. Component installation: Selecting the method in which the new component will be installed 1073 
on the PBA; 1074 

6. Cleaning of rework area and PBA: The cleaning procedure must be followed to ensure any 1075 
FOD is removed from the surface of the PBA;  1076 

7. Coating replacement: re-application of protective coatings to adhere to the product’s 1077 
intended end-use environment requirements.  1078 

Consider the available tooling and equipment, the skill level of the personnel performing these actions, 1079 
and the type of printed board of the PBA to be repaired.  1080 

As previously mentioned, the repair activity may consist of executing several procedures in a specified 1081 
order.  1082 

EXAMPLE  1083 

Serving as a guide on the replacement of a QFP IC (Quad-Flat Pack Integrated Circuit) in a PBA may 1084 
include the following procedures: 1085 

1. Baking of the PBA Procedure (i.e. IPC-7711/21 1.14.1 Conditioning – Baking and Preheating) 1086 

2. Conformal Coating Removal Procedure (i.e. IPC-7711/21 1.14.2 Conformal Coating Removal) 1087 
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3. SMT Component Removal Procedure (i.e. IPC-7711/21 3.7.7 Gull Wing Removal (four-sided) 1088 
– Hot Gas (Air) Reflow Method 1089 

4. SMT Land Preparation Procedure (i.e. IPC-7711/21 4.1.2 Surface Mount Land Preparation) 1090 

5. Component Installation Procedure (i.e. IPC-7711/21 5.5.1 Gull Wing Installation – Multi-Lead 1091 
Method – Top of Lead) 1092 

6. Cleaning Procedure (i.e. IPC-7711/21 1.14.3 Cleaning) 1093 

7. Coating Replacement Procedure (i.e. IPC-7711/21 1.14.3.2 Coating Replacement – Conformal 1094 
Coating/Encapsulation) 1095 
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Annex B 1096 

(informative) 1097 

 1098 

Current state of the art regarding recycling 1099 

Recycling processes convert linear value chains into circular economy systems. The degree of circularity 1100 
and hence Circularity Data for End of Life (EoL) achieved strongly depends on the effectiveness and 1101 
efficiency of recycling and, therefore, these need to be quantified. The recycling system of complex PCBA 1102 
containing products consists of a combination of physical separation (shredding/sorting) combined with 1103 
the unmixing of complex designed mixtures of functional materials in metallurgical and other end 1104 
processing technologies. Recent developments and insights in recycling system set-up have proven that 1105 
that additional, selective disassembly can contribute significantly to improve the recycling rate of 1106 
elements and materials of interest (such as critical raw materials) as well as of connected materials and 1107 
elements in a specific module or part by reducing the multi-material complexity of parts and/or products, 1108 
which complicates and limits recycling due to physics and process thermodynamic reasons (nature laws) 1109 
(see Ballester et al, 2017). When disassembled parts are being directed to the most suitable final 1110 
treatment processing infrastructures, this can result in optimised recovery, reduction of losses and 1111 
emissions, and higher quality levels of recovered materials. The latter is essential in view of realising true 1112 
Circular Economy (CE).  1113 

Like production processes, recycling processes consume resources to recover valuable materials from 1114 
the end-of-life products treated. Their resource efficiencies and contribution to CE are determined by the 1115 
types and quantities of resources consumed, the quantities of wastes and treatable residues generated, 1116 
the efficiency with which the desired elements, compounds or materials are recovered within that 1117 
process, and the quality at which they are recovered.  1118 

Sophisticated computer-based modelling tools exist that enable the evaluation of all these parameters 1119 
that effect the CE of a product and allows to provide CE relevant recyclability data (see Reuter et al., 2019, 1120 
Reuter and Van Schaik, 2023; Van Schaik and Reuter, 2024). These process simulation models provide a 1121 
digital twin of disassembly, liberation and sorting processing linked to Best Available Techniques (BAT) 1122 
in metallurgical recycling processing infrastructures as depicted by the Metal Wheel in Figure B.1. It also 1123 
includes other applicable final treatment processes such as energy recovery processing as present in 1124 
industry for the processing and recovery of all materials and compounds included in the PBA (or any 1125 
other part/component under consideration). A rigorous simulation-based approach based on the physics 1126 
and chemistry of the system is available and provides the basis for a dynamic (flexible over time) and 1127 
reliable harmonization method to calculate recycling rates and the Recycling Efficiency (RE) of the CE 1128 
system, in which the influence of EoL processing and product type/design are considered. This approach 1129 
allows for the calculation of mass, energy, and exergy balances for the processing of all materials and 1130 
elements, compounds, alloys, etc., present in products, with exergy being a key aspect that defines the 1131 
efficiency of CE and providing a key EoL Circularity KPI. It permits the calculation of material-specific 1132 
recycling rates, depending on, e.g., product, product category, and design. This rigorous economic and 1133 
physics-based understanding of technology and systems for recycling make it possible to make informed 1134 
decisions over the CE system and understand and capture the factors crucial for CE and provide the data 1135 
on recycling and circularity based on linking Beginning-of-Life (BoL) with EoL on the basis of well-1136 
organised and structured data availability on PBA full composition (see subclause 6.3.1). Rigorous 1137 
simulation will also provide a thermodynamic basis for the environmental impact analysis. This includes 1138 
the design and recycling route-dependent recoveries, losses, and the environmental footprint of any 1139 
created residue. The generated information can be linked to commercially available and open-source 1140 
Life-Cycle Analysis software tools. Through this link, it is possible to evaluate the environmental impact 1141 
of different designs and scenarios based on actual environmental impact, linked to the mass and material 1142 
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flows and the detailed compositions of each stream. This is not possible based on general databases as 1143 
often applied in LCA and databases. 1144 

At the same time, with these tools, Design for Recycling (DfR) hotspots can be identified, appropriate 1145 
design adjustments can be prioritized, and their impact on resource efficiency can be quantified on a 1146 
recycling industry physics and thermodynamic reality basis.  1147 

 1148 

 1149 

Figure B.1 – A complete simulation model for the recycling of complex consumer products and 1150 
PCBAs providing circularity data on recycling (applied to e.g. mobile phones, WEEE goods, 1151 

laptops, LED lamps, and car electronics) made in process simulation software. The tabs show all 1152 
the involved technologies to realize the CE recycling.  1153 
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