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In May 1995 the IPC’s Technical Activities Executive Committee (TAEC) adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should: Standards Should Not:
* Show relationship to Design for Manufacturability e Inhibit innovation
(DFM) and Design for the Environment (DFE) * Increase time-to-market
* Minimize time to market * Keep people out
* Contain simple (simplified) language e Increase cycle time
* Just include spec information * Tell you how to make something
* Focus on end product performance * Contain anything that cannot
* Include a feedback system on use and be defended with data

problems for future improvement

IPC Standards and Publications are designed to serve the public interest through elimina.ing mis-
understandings between manufacturers and purchasers, facilitating interchangeab: 'ty a:d .mprove-
ment of products, and assisting the purchaser in selecting and obtaining with minimom delay the
proper product for his particular need. Existence of such Standards and Publications shall not in
any respect preclude any member or nonmember of IPC from manufactiring ~ selling products
not conforming to such Standards and Publication, nor shall the existence >f such Standards and
Publications preclude their voluntary use by those other than IPC -:2mu~+,, whether the standard
is to be used either domestically or internationally.

Recommended Standards and Publications are adopted tv II'C without regard to whether their adop-
tion may involve patents on articles, materials, or processc. L such action, IPC does not assume
any liability to any patent owner, nor do they assume any obiigation whatever to parties adopting
the Recommended Standard or Publication. Us>ts «re a2 wholly responsible for protecting them-
selves against all claims of liabilities for patent 1..‘ringement.

It is the position of IPC’s Technical Activities Executive Committee that the use and implementation
of IPC publications is voluntary and i: parf of a relationship entered into by customer and supplier.
When an IPC publication is update 1 oni a new revision is published, it is the opinion of the TAEC
that the use of the new revisie=.as .t of an existing relationship is not automatic unless required
by the contract. The TAZC 1 comnends the use of the latest revision. Adopted October 6, 1998

Your purchase of this @ac 1iment contributes to the ongoing development of new and updated indus-
try standards and prolications. Standards allow manufacturers, customers, and suppliers to under-
stand one anctaer .oter. Standards allow manufacturers greater efficiencies when they can set

up their processas to meet industry standards, allowing them to offer their customers lower costs.

IPC spenc. hr.ndreds of thousands of dollars annually to support IPC’s volunteers in the standards
an” nublications development process. There are many rounds of drafts sent out for review and
ti.> coromittees spend hundreds of hours in review and development. IPC’s staff attends and par-
dcipates in committee activities, typesets and circulates document drafts, and follows all necessary
procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low to allow as many companies as possible to participate.
Therefore, the standards and publications revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards and
publications, why not take advantage of this and the many other benefits of IPC membership as
well? For more information on membership in IPC, please visit www.ipc.org or call 847/597-2809.

Thank you for your continued support.

©Copyright 2020. IPC International, Bannockburn, lllinois, USA. All rights reserved under both international and Pan-American copyright con-
ventions. Any copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly
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https://www.stdhive.com/standards/ipc-2222b2020-pdf/

Gp c@ IPC-2222B

Sectional Design Standard
for Rigid Organic Printed
Boards

Developed by the {?C-222.,2222 Task Group (D-31b) of the Rigid
Printed Board Commi.tee (D-30) of IPC

Supe.sede.:: Users of this publication are encouraged to participate in the
IPC 2222A - December 2010 development of future revisions.
I[F-2222 - February 1998
'PC-D-275 - September 1991 Contact:
IPC

3000 Lakeside Drive, Suite 105N
Bannockburn, lllinois
60015-1249

Tel 847 615.7100

Fax 847 615.7105


https://www.stdhive.com/standards/ipc-2222b2020-pdf/



https://www.stdhive.com/standards/ipc-2222b2020-pdf/

October 2020

IPC-2222B

Acknowledgment

Any document involving a complex technology draws material from a vast number of sources across many continents. While
the principal members of the IPC-2221/2222 Task Group (D-31b) of the Rigid Printed Board Committee (D-30) are shown
below, it is not possible to include all of those who assisted in the evolution of this standard. To each of them, the mem-

bers of IPC extend their gratitude.

Rigid Printed Board
Committee

Chair
Cliff Maddox
Boeing Company

IPC-2221/2222
Task Group

Chair
Michael Creeden
EPTAC Corporation

Vice-Chair
Allen Holl
TTM Technologies

Technical Liaison of the
IPC Board of Directors

Bob Neves
Microtek (Changzhou) " aboratorics

IPC-2221/2222 Task Group

Norman Armendariz, Raytheon
Company
Filbert Arzola, Raytheon Company

Lance A. Auer, Conductor Analysis
Technologies, Inc.

Jimmy Baccam, Lockheed Martin
Missiles & Fire Control

John A. Bauer, Collins Aerospace

Gerald Leslie Bogert, Bechtel Plant
Machinery, Inc.

Scott A. Bowles, Lockheed Martin
Corporation

Steven A. Bowles, DuPont SVTC
Mark Buechner, BAE Systems

Denise Charest, Amphenol Printed
Circuits, Inc.

Stephen V. Chavez, UTC Aerospace
Systems

Patrice Chetanneau, Sagem

Michael A. Collier, Teledy.e . =eti.an
Labs

Don Dupriest, Lock*c2d Mart.»
Missiles & Tire “onti ]

Gary F. Erickson, San.nina
Corporati.'n

Timo.>y A.F tes, Conductor
£Aaly.is Technologies, Inc.

Ciry N Ferrari, EPTAC Corporation

.Aark Finstad, Flexible Circuit
rechnologies, Inc.

Mahendra S. Gandhi, Northrop
Grumman Space Systems

Pierre-Emmanuel Goutorbe, Airbus
Defence & Space

Vicka Hammill, Honeywell Inc. Air
Transport Systems

Philip M. Henault, Raytheon

Joe Hughes, Hughes Circuits, Inc.

Joseph E. Kane, BAE Syste1 s

Allen Keeney, Johns kiopkias
University

Kelly Kovalovsky, . AE Systems

Kevin Kusiak, Lockheed Martin
Corporatio»

Jeremy-l.a-os: 2y, Honeywell
Irici, atic.al

J-ff [ ew's, Holaday Circuits Inc.

Dai. Loew, L3Harris

< hris Mahanna, Robisan Laboratory
Inc.

Laura Martin, Lockheed Martin
Missile & Fire Control

Anthony Martinelli, Raytheon
Company

Rene R. Martinez, Northrop
Grumman Space Systems

Karen E. McConnell, Northrop
Grumman Corporation

Melissa Meagher, Raytheon Missile
Defense

Nicholas J. Meeker, Conductor
Analysis Technologies, Inc.

Peter B. Menuez, L3Harris
Technologies, Inc.

Mickael r.o! liller, NSWC Crane

Kilstopi.or Moyer, California State
Un.versity - Sacremento

Steven Murray, Northrop Grumman
Corporation

Kathy Nargi-Toth, Bowhead

Thi V. Nguyen, Lockheed Martin
Missile & Fire Control

Gerard A. O’Brien, Solderability
Testing & Solutions, Inc.

James Parke, The Aerospace
Corporation

Stephen Pierce, SGP Ventures, Inc.

David Rafson, Collins Aerospace

Randy R. Reed, R. Reed Consultancy
LLC

Jose A. Rios, Raytheon

Thomas Romont, IFTEC

Joseph C. Schmidt, Raytheon Missile
Defense

Douglas R. Schueller, AbelConn,
LLC

Tony R. Senese, Panasonic Industrial
Devices Sales Company of
America (PIDSA)

Gilbert Shelby, Raytheon Systems
Company

Russell S. Shepherd, NTS - Anaheim

Jeff Sonnenberg, Extreme
Engineering Solutions, Inc.

Bhanu Sood, NASA Goddard Space
Flight Center

il


https://www.stdhive.com/standards/ipc-2222b2020-pdf/

IPC-2222B

October 2020

Brian Stevens, Collins Aerospace

Marshall Hamilton Stolstrom, TTM
Technologies, Inc.

Bradley E. Toone, L3Harris
Communications

Todd R. Tosi, Sanmina Corporation

Crystal E. Vanderpan, UL LLC

Pietro Vergine, Advanced Rework
Technology-A.R.T

Schuyler C. Williams, Lockheed
Martin Missile & Fire Control

iv


https://www.stdhive.com/standards/ipc-2222b2020-pdf/

October 2020 IPC-2222B
Table of Contents
T SCOPE ... e 1 5.2.2  Mechanical Support ........cccceeveevveriieneeniennnenn 10
1.1 PUIPOSE ..ovveiiiieiciee e 1 53 Design Requirements for Printed Board
1.2 Document Hierarchy .......................................... 1 Assembly .......................................................... 10
1.3 PreSentation ..............ccoveveeveruruereereesssnssseeresnens 1 53.1  Assembly Array (or Pallet) ........ccccccvvvvvvivnen 1
1.4 INterpretation .......c.ceeeveeeeeieniieieneeeee e 1 54 Dimensioning SyStems ...........coooocoooeceveereerees »
. 54.1 Profiles, Cutouts and Notches ..........ccccvvvuinn.s 13
1.5 Definition of Terms .........cccccevvieriiiniiiiiinieniee 1 55 Printed Board Thick Tol -
. rinted Boar ickness Tolerance ..............
1.5.1  As Agreed Between User and Supplier
(AABUS) i 1 6 ELECTRICAL PROPERTIES ..ooococoo e 14
1.6 Classification of Products ........c.ccccceeeevenenucnene 1
. 7 THERMAL MANAGEMENT ..., 14
1.6.1  Printed Board Type .....cceoevirienerieieeieeeenee. 1
1.7 APPLCADIIILY oo 1 8 COMPONENT AND ASSEN-. LY \Z€UES ............. 14
1.8 Revision Level Changes ..........c.cccccoovveeurrureunnan.. 2 8.1 General Attachment Requirements ................. 14
5 APPLICABLE DOCUMENTS 5 8.1.1  Attachment of Wires/ .eads to Terminals ........ 14
""""""""""""""""""""" 8.1.2  Printed Board E.racto's .......cccccceevvrvevererennnn. 14
2.1 IPC e 2
2.2 Underwriters Laboratories ........c.cccceeeveneeeenne. 2 9 HOLE/INTERCUNNCCTIONS ..o 15
9.1 General Krauirements for Lands with Holes .. 15
3 GENERAL REQUIREMENTS .........ccccoviniiiiiienn 2 .
) 9.1.1 " T.aid Requirements ..............ccccoeiiiiiiiiiinnnne. 15
3.1 Performance Requirements ..........ccccccoveeviennnne 2 Lo
9.1.2 ~+Thcrmal Relief in Conductor Planes ............... 16
4 MATERIALS ... 2 913 C.earance Area in Planes ...oveveveeieiieieiiniinnns 17
4.1 Material Selection ........cccceeevevierieniieenienieeiens 2 o 1.4 Nonfunctional Lands ..o 18
4.2 Dielectric Base Materials (Including Prepregs 9.1.5  Conductive Pattern Feature Location
and Adhesives) ... 2 TOIETANCE ...eeeeeeeiiieeeeee e 18
4.2.1 Epoxy Laminates ..o 2 9.2 HOIES oo 19
422 High T, Laminates ........cccovevinnnnint i .3 9.2.1  Unsupported Holes (Non-plated Holes) .......... 19
4.2.3  Special Clad Materials .......c..ccooovoe it -3 9.2.2  Plated-Through Holes (PTHS) .......cccoccorvmmn.. 19
4.24  Other Laminates ...ttt o D, 3 9.23  BLChBACK ..ecvevuerieeriirreiieereiieseies i 20
4.3 Laminate Materials ........ccocoeel oot ieienieiecnee 3
10 GENERAL CIRCUIT FEATURE
4.3.1 UL Parameters ........cccccooeiiiin i, 3 REQUIREMENTS .......ccooooiinieieiiieieeeceeeenes 21
4.3.2  Measurement of Dielecti'e’ [t ckness ............... 6 10.1 Conductor Characteristics .......c..cooevververvenuenn 21
4.3.3  Dielectric Thickness/c2acing ..........cccceceeveeeueenee. 6 10.1.1  Printed Board Edge Spacing .......cccccccccecuvenenn. 21
4.3.4  Laminate Propeies . .....ccocevmienvenenenenieneeneenens 6 10.1.2  Balanced Conductors ........c..cccccvveevenervenvenneenn 21
435 PLEPIEZ wovovevivererees eevereveeeseseseeeresese s 6 10.1.3  Flush Conductors for Rotating or Sliding
43.6  Single-Glad Lominate oo 7 Contacts ......... e 21
437  Doublelat Laminate ... 7 10.2 Land CharacteristiCs .........ccoceevuereereererneenennns 22
438  Liminate Material Code Designation ............. - 10.2.1  Offset Lands .....cccoeeeveeeeenieiieeseeeeeeeee 22
10. IV AT@AS ..ovvereirviieieieieeeieeee
4.4 Cuu ductive Materials .....ooveeeeviineencnciniencnicnen. 7 0.3 Large Conductive Areas 22
4.5 Zlecronic (Embedded) Component Materials .. 7 11 DOCUMENTATION .....ccocoiiiiiiiiiiieieniceececeen 22
4.0\ Organic Profective COatings .........oovrvsvese 712 QUALITY ASSURANCE ........ccoocommrmirmremrnn 22
o’ Markings and Legends .........cccceveeienieiencncenne. 7
Figures
5 MECHANICAL/PHYSICAL PROPERTIES ............... 8 _
o ) Figure 4-1 Dielectric Layer Thickness Measurement ........ 6
5.1 Fabrication Requirements .........c..ccceeeevueneenenne. 8 ) ) ) .
} ) Figure 4-2 Designer/End User Materials Selection Map ... 8
5.2 Product/Printed Board Configuration ................. 8 Figure 5-1 Borders and Margins in Printed Board
5.2.1  Printed Board Size and Shape .........ccccccceeuennee. 8 Panels, mm [iN].....cccoreiniieiree e 9



https://www.stdhive.com/standards/ipc-2222b2020-pdf/

IPC-2222B October 2020
Figure 5-2 Scoring Parameters .........cccoeveeerieesieeniieeeeen. 1 Table 5-2 Tolerance of Profiles, Cutouts and Notches,
Figure 5-3 Conductor Clearance for V-Groove SCOI’ing... 11 as MaCh|ned, mm [|n] ..................................... 13
Figure 5-4 Breakaway Tabs ........ccccviiiiiiiieiiiecee e 12 Table 5-3 Printed Boarq Overall Thickness Tolerance
. . . Levels, mm [iN] ..cccoeeiiiiiieiee e 14
Figure 5-5 Typical Low Stress Breakaway Tabs with o o
Mouse Bites and Routed Slots...................... 12 Table 9-1 Minimum Standard Fabrication Allowance
for Int tion Lands.......cccoevveeeiiienienne 1
Figure 5-6 Routed Slots and Break Line.......................... 13 or Interconnection Lands ] °
Figure 8-1 Permanent Printed Board Extractor ............... 15 Table 9-2 Pad to Plane Clearance, mm [in].................. 17
Figure 8-2 External Printed Board Extractor................. 15 Table 9-3 Nonfunctional Land Considerations ............... 18
Figure 9-1 Clearance Area in Planes........c.ocoveeevevevevenn. 17 Table 9-4 Feature Location Tolerances (Lands,
) ] ) Conductor Pattern, etc.) (Diameter
Figure 9-2 Foil (Copper) Web Size True Position)", mm [in].......cccceveeeeveecenee. 18
Figure 9-3  Lead-to-hole Clearance Table 9-5 Diameter Tolerance Range for
Figure 10-1  Typical Flush Circuit..........cccoceniininienieene 21 Unsupported Holes, mm [in]...............o....t .19
Figure 10-2  Surface Flushness Conditions............cc.ccccue. 21 Table 9-6 PTH Diameter to Lead Diameter
Figure 10-3  Cross-hatched Large Conductive Layers Relationships, mm [in]......... ...t e 19
with Isothermal Conductors................ccooenee. 22 Table 9-7 Plated Hole Aspect Ratio .......... ... 20
Tables Table 9-8 Minimum PTH Diameter Thlerance Range,
(LMC — MMC Hole Siz~ Linits), mm [in]....... 20
Table 4-1 Typical Thermal Properties of Selected Table 9-9 Recommended Minin.»m Dri' Size,
[ 1Y Yo (o SN 4 TN 1] PO T S 20
Table 4-2 Advantages and Disadvantages of some Table 10-1 Surface FlL~lines: Requirements
Common Laminate Materials ........................... 5 MM [N e I 21
Table 5-1 Standard Scoring Parameters, pum [in]......... 10

Vi


https://www.stdhive.com/standards/ipc-2222b2020-pdf/

October 2020 IPC-2222B

Sectional Design Standard for Rigid Organic Printed Boards

1 SCOPE

This standard establishes the specific requirements for the design of rigid organic printed boards.

The following overview describes what are the core knowledge and competencies to best serve in the role of Printed Board
Design Layout as a stand-alone professional, or as the engineer performing this responsibility. Today’s printed board desiguie)

needs to address numerous perspectives for success within a given schedule, with the goal of making the first desigr it. a-
tion work as intended, summarized as:

* Layout Solvability — Complex Packaging Skillset

* Electrical Integrity — Signal & Power Performance on all Layers

* Manufacturability — Design for Excellence (DfX) Considerations for High Yield and Lower Cost
* Application considerations — Environmental, Performance, Shelf life, etc.

The result provides for optimal component placement, routing density and electrical perform. nce to achieve an efficient
design with high yield and defect-free manufacturability.

1.1 Purpose The requirements contained herein are intended to establish specific d~<igi. d-tails that shall be used in con-
junction with TPC-2221 to produce printed boards that perform as an integral part f fu, ctional electronic hardware.

The organic materials may be homogeneous, reinforced, or used in combinat on with inorganic materials; the interconnec-
tions may be single, double, or multilayered. They may be any combination » ,ic-20 perform the physical, thermal, environ-
mental, and electronic function.

1.2 Document Hierarchy Document hierarchy shall be in accoru nce with the generic standard IPC-2221.
1.3 Presentation Presentation shall be in accordance with thc generic standard IPC-2221.
1.4 Interpretation Interpretation shall be in accorionc: with the generic standard IPC-2221.

1.5 Definition of Terms The definition.of a | f_rms used herein shall be in accordance with IPC-T-50 and as defined in
1.5.1.

1.5.1 As Agreed Between User 7..' 5. plier (AABUS) A bilateral agreement which indicates additional or alternate
requirements to be decided betwee. ‘ue 1ser and the supplier in the procurement documentation. Examples include contrac-
tual requirements, modificatior. to purchase documentation and information on the drawing. Agreements can be used to
define test methods, condit'on. frcquencies, categories or acceptance criteria within a test, if not already established.

1.6 Classification r7 Produciv> Classification of products shall be in accordance with the generic standard IPC-2221 and
as defined in 1.6.1.

1.6.1 Print. d Board Type This standard provides design information for different printed board types. Printed board types
are cinssiad as:

Typc 1 — Jing’e-Sided Printed Board

Zype 2 Double-Sided Printed Board

“vpe 3 — Multilayer Printed Board without blind or buried vias

Type 4 — Multilayer Printed Board with blind and/or buried vias

[ype 5 — Multilayer Metal Core Printed Board without blind or buried vias
Type 6 — Multilayer Metal Core Printed Board with blind and/or buried vias

1.7 Applicability The contents of this standard may not apply to certain leading-edge technologies. Refer to IPC-2221 for
additional information.
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