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FOREWORD

This standard is intended to provide information on the generic requirements for organic printed board design. All aspects
and details of the design requirements are addressed to the extent that they can be applied to the broad spectrum of those
designs that use organic materials or organic materials in combination with inorganic materials (metal, glass, ceramic, etc.)
to provide the structure for mounting and interconnecting electronic, electromechanical, and mechanical components. It is
crucial that a decision pertaining to the choice of product types be made as early as possible. Once a component mounting
and interconnecting technology has been selected the user should obtain the sectional document that provides the specific
focus on the chosen technology.

It may be more effective to consider alternative printed board construction types for the product being designed. As an
example the application of a rigid-flex printed wiring board may be more cost or performance effective than using multiple
printed wiring boards, connectors and cables.

IPC’s documentation strategy is to provide distinct documents that focus on specific aspect of electronic packaging issues.
In this regard document sets are used to provide the total information related to a particular electronic packaging topic. A
document set is identified by a four digit number that ends in zero (0).

Included in the set is the generic information which is contained in the first document of the set and identified by the four
digit set number. The generic standard is supplemented by one or many sectional documents each of which provide specific
focus on one aspect of the topic or the technology selected. The user needs, as a minimum, the generic design document,
the sectional of the chosen technology, and the engineering description of the final product.

As technology changes specific focus standards will be updated, or new focus standards added to the document set. The IPC
invites input on the effectiveness of the documentation and encourages user response through completion of “Suggestions
for Improvement” forms located at the end of each document.



IPC-2221A May 2003
Table of Contents
1 SCOPE oottt ettt e e a e e e e 14.1.1 Material Selection for Structural Strength ....... 17
1.1 PUIPOSE ... 14.1.2  Material Selection for Electrical Properties .... 17
1.2 Documentation Hierarchy ..........cccccccceiiiiinnnins 14.1.3 Material Selection for Environmental
1.3 PreSENtation .........c.cococveveveveeeeeeeeeeeeeeeeneseeeeseennn 1 PIOPEIUIES ..o 17
1.4 Inte_rp_r.etatlon ....................................................... 142 PDrlgglz)ergtg;g: fn?jsimggei\r/lglss) (I”C|“d'”g ................... 17
15 Def|n|.t|.0n ?f TEIMS i 1 421  Preimpregnated Bonding Layer (Prepreg) ... 17
16 Classification Of PrOGUCES ..ve.vrvvssvesvesven ! 4.2.2  AJhESIVES .....eviiiiiiiiiiie 17
G A = To = T e [ Y/ o L= 423  Adhesive Films or Sheets .. 19
1.6.2 Perforrr-1a.r?ce ClaSSES ...vvvviiiieiieeeee e 14.2.4 Electrically Conductive Adhesives ............. 19
1.6.3 ProFig0|b|I|ty Level ., 2 425 Thermally Conductive/Electrically
1.7 Revision Level Changes ... 2 Insulating AdheSIVeS ...........cccccovevevevevrreeenennn. 19
2 APPLICABLE DOCUMENTS  wooooooooo 2 43 Laminate MaterialS .........ccccooiiiiiiiiiieieeieniiins 20
2.1 IPC et 24.3.1  Color Pigmentation ..., 20
2.2 Joint Industry Standards ............cc.ccecurreereerennn. 34.3.2 Dielectric Thickness/Spacing .............c.cc.cco.... 20
23 Society of Automotive ENGiNeers ..................... 3 4.4 Conductive Materials ...........cccoccoeviiiiniiiniine, 20
2.4 American Society for Testing and Materials ..... 3 4.4.1 Electroless Copper Plating ..o 20
25 UNderwriters Labs ........cccccocecveveveveveeieseesen. 3 442 Semiconductive COAtNGS .......cooivvvrnieinninnness 20
7 X I3 =Y 3443  Electrolytic Copper Plating ........cccooooooevvvvveerinns 20
73 SR N 1= RO 4 444 GOld Plaling ..ooooovvveeeesesssssssssssssmmmsmssssssnss 20
4.4.5  Nickel Plating .....ccccovveeiieeeieiiiiiiiiiieeee e 22
3 GENERAL REQUIREMENTS ...oocovveniernntisnmnnenniiess 4 446 TinLead PIating ......oo.oooveeeeeeeeeeerreeees e, 22
3.1 Information HIerarchy ... 6 4.47  SoOIder COALNG ...cveoveeeeeeeeeeeeeeeeeee oo 22
3.1.1 Order of Precedence ........ccccccoouiecuieiieiieeenniienns 64.4.8 Other Metallic Coatings for Edgeboard
3.2 Design Layout .......cccceeeeviviieeeiiiieee e 6 CONLACES .. 23
3.2.1 End-Product Requirements ..........c.ccceeveeureurennene. 64.4.9 Metallic FOIl/FIIM .......ccoooeeiiiiiiiiee 23
3.2.2  Density EValuation .........ccocooveveeeeeeeeeeeeeeennnn 6 4.4.10 Electronic Component Materials ...................... 23
3.3 Schematic/Logic Diagram ..........cccccoeevceernens, 6 4.5 Organic Protective Coatings ...........cccoovveninee. 24
3.4 PAMS LISt weoveeeeeeieececcie s 6 4.5.1  Solder Resist (Solder Mask) Coatings ............. 24
3.5 Test Requirement Considerations ..................... 74.5.2  Conformal Coatings ...........ccceceniininininniinnnas 25
3.5.1 Printed Board Assembly Testability .................. 7 4.53  Tarnish Protective Coatings ............c.cocovvinennns 25
3.5.2  Boundary Scan TeStiNg .......cccccevevveveeererereenens g 4.6 Marking and LEgends .............nniviinensnnss 25
353 Functional Test Concern for Printed Board 4.6.1 ESD Considerations .......ccccccceeeevriiiiveneienneneaennns 26
ASSEMDIIES ..o 85  MECHANICAL/PHYSICAL PROPERTIES ............. 26
3.54  In-Circuit Test Concerns for Printed Board 5.1 Fabrication Considerations ...............c.cccccoevu.... 26
ASSEMDIIES ..o 10 .

. 5.1.1 Bare Board Fabrication ....................cccevvvenenns 26
355 Mechénlcal ........................................................ 12 59 Product/Board Configuration .................... 2
3.5.6  Electrical ......ccccceiiiiiiiiiiie e 12 521 BOAIA TYPE woooooeooeooeeooeoeeeeeoeeeee 26
3.6 LAYOUL BVAIUALION wvvvrsoovvvvressvvvness s 13 5.2.2  Board Size ......cooociiiiiiiee e 26
3.6.1 Board Layout Design ..........ccccceeiiiiiiiiiiiiinnnen, 13 523 Board Geometries (Size and Shape) ........... 26
3.6.2  Feasibility Density EVAlUation .................ccc.... 13 524 BOW and TWSt ooccccccccceeeeeeeeeeeeee oo 27
3.7 Performance REqUIrEMents ................oooocoeeveee 155.2.5 Structural Strength ..., 27
4 MATERIALS .ottt 17 5.2.6 Composite (Constraining-Core) Boards ........... 27
4.1 Material Selection ..........cccccovviiiieiiiiiiieiiiieeenn 17 5.2.7  Vibration DeSign .......ccccveeiiiiiiieiiiiiiee i 29

iv



May 2003 IPC-2221A
5.3 Assembly Requirements ...........cccccoeeevvvveeeeeennnn. 307.2.4  Special Design Considerations for SMT
531 Mechanical Hardware Attachment ............ . 30 Board HeatSinks .......cccceeeeeeiieiiiniiiiiiieieeeeeeeee, 52
5.3.2  Part SUPPOMT ..oovvveeececeeeeeeeeeeeeeeseseesseeeeee e 3073 Heat Transfer TEChNIQUES ... 52
5.3.3  AsSembBIlY and TESt ...cvvveeveeeeeeeeeeeeeeeeereeens 307-3:1  Coefiicient of Thermal Expansion (CTE)
54 DI ioning Svst 31 CharacteristiCS ........ccoeeieeiiiiiiiee e, 52
5'4 1 Dl-menSI.onlng dyj_elms """"""""""""""""""" 317.3.2 Thermal Transfer ......c.cccccevveeiiciieee e, 53
4. imensions and Tolerances .........cccccvcveeeennnne .
c42 C t and Feat Locat 317.3.3 Thermal Matching .........ccccoovvie e, 53
4. omponent and Feature Location ................... . N
P 7.4 Thermal Design Reliability ...........ccccooouiiinneen. 53
5.4.3 Datum Features .......ccccooevieiiiiiiiiiiieeeeiiiiie e, 31
8 COMPONENT AND ASSEMBLY ISSUES ............. 55
6 ELECTRICAL PROPERTIES ..cocccovvviieeeiiiieeeee 37 .
6.1 Electrical Considerat 37 8.1 General Placement Requirements .................... 55
. ectrical Considerations ...........cccceeevviiveeennne
I, I I 8.1.1  Automatic ASSembIY ......ccccceiiiiiiii 55
6.1.1  Electrical Performance ............ccccocovvvnvnvniiennnn. 37
o . . 8.1.2 Component Placement .......ccccccceevviiiiviineeneenennn. 55
6.1.2  Power Distribution Considerations .................. 37 . .
613  Circuit T Considerati . 8.1.3  Orientation ......ccocviiiiieeeieiee e 57
A rc e Considerations .........ccccceveevinnennn.
o cl ;' t_yp . ! o on ) v BLA ACCOSSIDIY o 57
. onductive Material Requirements .................. )
6.3 Electrical Cl a 428.1.5 Design EnVelope ... 57
. ectrical Clearance ..........ccccceeeeviiieeeeiiiieeeenns .
631 BI It | Conduct 42 8.1.6 Component Body Centering .......cccccevveeeeeeriennns 57
3. —Internal Conductors ..........cccccvveeviiieeeeennen,
' vetors 8.1.7  Mounting Over Conductive Areas ................... 57
6.3.2 B2-External Conductors, Uncoated, Sea |
Level to 3050 M [10,007 fe€t] vvv.vvererererrrerreene, 42 8.1.8  ClearanCes ......cccccoceiiiieeiiiiiiiie e 58
6.3.3 B3-External Conductors, Uncoated, Over 8.1.9  Physical SUPPOIT ....ovveiiiciiieie e, 58
3050 M [10,007 feet] ....vvvevviriieeeiiiiiiee i 42 8.1.10 Heat DiSSIPAtiON ........ccvveeiiiiiiieiiiiiieeeiieeeees 59
6.3.4  B4-External Conductors, with Permanent 8.1.11 Stress Relief ... 60
Polymer Coating (Any Elevation) .................. 42 g2 General Attachment Requirements .................. 60
6.3.5 A5-External Conductors, with Conformal
. ' ; 8.2.1  Through-Hole .......ccooviiiiiiiiiieieeeeeeeeee, 60
Coating Over Assembly (Any Elevation) ........ 43 822  Surf g Mounti 60
o 2. rface Mounting ......ccccoevvieeeeiiiiiee e
6.3.6  A6-External Component Lead/Termination, u . I_ 9
Uncoated, Sea Level to 3050 m 8.2.3 Mlxed ASSGmb“es ............................................ 61
[10,007 fEet] ooveeeeeiiiiiiie e 43 8.2.4  Soldering Considerations ..........cccccevverveeneennnn. 61
6.3.7 A?—External Component Lead/Termjnation, 8.2.5  Connectors and Interconnects ............cccceeernee 62
with Conformal Coating (Any Elevation) ....... 43 g6 Fastening Hardware ...........cccccccieiiiiniiiiiiiennenn. 63
6.4 Impedance CoNtrols ..., 43827 SHFENEIS ovovveoeeeeeeeeeeeeeeeeeee e 64
6.4.1  MICIOSIIIP «oooveeeeeiiiieie e 44 g-8 Lands for Flattened Round Leads ...........o..o... 64
6.4.2 Embedded MiCrostrip ........ccccoviiiiiinnnnnns 44 829  Solder TErMINAIS ...o.vovveeeeeeeeeeeeeeeeeeeeeeeeeen, 64
6.4.3  Stripline Properties ... 44 82,10 EYEIELS ..oovevereiieeeece e 65
6.4.4  Asymmetric Stripline Properties ...................... 46 8.2.11 Special WINNG ....cevveveeeeeeeeeeeeeeeeeeeeen e, 65
6.4.5 Capacitance Considerations ............c.cccocvevvennenn. 468.2.12 Heat Shrinkable DeVIiCeS .........c.cccvvevveieianianins 67
6.4.6 Inductance Considerations ...........c.ccccccoveeeennen. 47 8.2.13 BUS BAl cviiiiieiiiiieecee et 67
7 THERMAL MANAGEMENT ... 48 8.2.14 Flexible Cable ........ e 67
7.1 Cooling MechanisSms .........ccccccevviiiveeiniineeenn 48 8.3 Through-Hole RequIrements ........................... 67
711 CONAUCHON v 49 8-3-1  Leads Mounted in Through-Holes ............. 67
7.1.2  Radiation .....cccoviiiiieiiiiiie e 49 84 Standard Surface Mount Requirements .......... nl
7.1.3  CONVECHION ...covviiieeiiiiie et 49 841  Surface-Mounted Leaded Components ............ &
714 Altitude EFECS ....ooovvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneen 49 842 Flat-Pack COMPONENLS .....oovvvevvscesrnnnsnnnnne 71
79 Heat Dissipation Considerations .............. 49 8.4.3 Ribbon Lead Termination ...........c...ccccvvvvvveeennn. 72
7.2.1  Individual Component Heat Dissipation ......... 50 8.4.4 Round Lead Termination ...............ccccevvvvvvennnns 72
722 Thermal Management Considerations for 8.4.5 Component Lead SOCKELS ......ccceeeeeeviiivviinnnnnnnn. 72
Board HeatSinks ..........ccccoeiiiiiiiiiiiiiiiiceeeeee 50 8.5 Fine Pitch SMT (Peripherals) .........cccccoceieeenn. 72
7.2.3 Assembly of Heatsinks to Boards .................... 50 8.6 Bare DI .....oooiiiiiiiiiiiiiie 73




IPC-2221A May 2003

8.6.1 WIire Bond .........ooociiiiiiiiiee e 73 11.4.3 Solder Resist Coating Phototools .................... 83
8.6.2 FI||? ChRIP e 73 12 QUALITY ASSURANCE ..o 83
8.6.3 Chip Scale ................. s 73121 Conformance Test COUPONS oo 83
8.7 Ta?; Abutﬁmated BONAING -vvvvvvvessssssvnnes 773 12.2  Material Quality ASSUrance ..........cccceeeeeeeeeeeennn. 84
8.8 Solderball ... 312.3 Conformance Evaluations. ... 84
9  HOLES/INTERCONNECTIONS .....covviiieiiiieeenieeens 73 1231 Coupon Quantity and Location ..............c......... 84
9.1 General Requirements for Lands with Holes .. 73 12.3.2 Coupon Identification .............c.ccccccoocvvvunnnne.. 84
9.1.1 Land Requlrements ........................................... 731233 General Coupon Requ”fements ........................ 84
9.12  Annular Ring REQUINEMENLS ......ocouveeermnssssine 73124 Individual CoUpoN DEeSigN ..............coormmrrrrrreen 86
9.1.3 Thermal Relief in Conductor Planes ............... 74 1041 Coupon A and B or A/B (Plated Hole
9.1.4 Lands for Flattened Round Leads .................... 74 Evaluation, Thermal Stress and Rework
9.2 HOIES oo 75 SIMUIALON) oo 86
9.2.1  Unsupported HOIES ......c.ceceveveveerieeeeereeeeans 7512.4.2 Coupon C (Peel Strength) ... 87
9.2.2  Plated-Through HoIES .....ccovvviiiiiiiiiiiiiieeee 7512.4.3  Coupon D (Interconnection Resistance and
. (0] 01110101117 SRR, 87
9.2.3  LOCALION .ooiiiiiiiiiiiiiiieeee e 76 1244 C y')z d H (Insulation Resi a8
9.2.4  Hole Pattern Variation ............cccceeeeveevieineenne. 76 12'4' ou!oons. an (Insulation Resistance) ...
9.25  TOIEranCeS ...cccvvvieiieieeee e 76 > Registration Coupon Crmmmmmmmmmm—— 89
9.2.6  QUANTLY orovooooeeeoeeeeoeoeoeoeoeeeeoeoeeeeeeeeeeeee 7712:4.6 Coupon G (Solder Resist Adhesion) ............... 96
9.2.7  Spacing of Adjacent Holes ............ccccuveeeeeeeennn. 77 1247 Coypon M (Surface Mount Solderability -
5 ) Optional) ..ooooiii 96
9.2.8  ASPeCt RAtiO ....cccooviiieiiiiiiiieeeeeeeeeeeeeee 77 12.4.8 Coupon N (Peel Strength, Surface Mount
10 GENERAL CIRCUIT EEATURE Bond Strength - Optional for SMT) ................ 96
REQU'REMENTS .................................................. 77 1249 Coupon S (Hole Solderablllty _ Optlonal) ...... 96
10.1 Conductor Characteristics .............c.cocveinne. 7712.4.10 COUPON T e 96
10.1.1  Conductor Width and Thickness ................... 77 12.4.11 Process Control Test COUPON ........v.vvverevvernenen, 96
10.1.2 Electrical Clearance .........ccccccoceeeiiiiiieeiiiinneenns 7812412 Coupon X (Bending Flexibility and
10.1.3 Conductor ROULING ....vvvvvvereeeiiiiiiiiiiiieeee e e e e 78 Endurance, Flexible Printed Wiring) ............... 96
10.1.4 Con.ductor. SPACING ceeeiieiiiiiiiee e 78Appendix A Example of a Testability Design
10.1.5 Plating ThieVeS .....ccoiiiiiiiiiiiiieeeee e 79 CRECKISE  veveeeee e e e e e e ee s 103
10.2 Land CharacteristiCs .......cccoovvvveeviiiiieeeiiiieeeens 79 _ _
. Appendix B Conductor Current-Carrying
10.2.1 Manufactunng A”OWanceS ............................... 9 Capacity and Conductor Thermal
10.2.2 Lands for Surface Mounting ...........cccccocou..... 79 Management ..., 104
10.2.3 TeSt POINES ..o 79
10.2.4 Orientation Symbols .........ccccciiiiiiiiiiiiieeee 79
10.3  Large CondUCHVE ATEAS .......ooevveervereerrirnnnns 79 Figures
Figure 3-1 Package Size and 1/0 Count .........cccccecvvveennnen. 7
11 DOCUMENTATION ..ot 81
. . Figure 3-2 Test Land Free Area for Parts and Other
11.1  Special ToolNG ..ooooocviviiiiiiie e 81 INMTUSIONS oo 1
11.2 La.yOUt ............................................................... 81 Figure 3-3 Test Land Free Area for Tall Parts .....oeevvvnn.... 11
11.2. 1 VIEWING oo 81 Figure 3-4  Probing Test Lands ...........ccccceevvvcvevernrinennn. 11
11.2.2 Accuracy and Scale .......cccccceeeeeiiiiiiiiiiiieeeeeeen, 81 Figure 3-5  Example of Usable Area Calculation, mm [in]
11.23 L N 81 (Usable area determination includes clearance
2. AYOUt NOLES ..oiviiiiiiiiiiiiiieiee e allowance for edge-board connector area,
11.2.4 Automated-Layout Techniques ..........c..cccue..... 81 board guides, and board extractor.) ............... 14
11.3  Deviation Requirements ............c.ccccceevveverene.e. 83 Figure 3-6  Printed Board Density Evaluation ................ 16
11.4 Phototool Considerations 83 Figure 5-1 Example of Printed Board Size
ST Standardization, mm [in] ........ccccceevverrirennnn. 28
11.4.1 Artwork Master FileS ......ccccoiiiiiiiiiiiiiiiiaiins 83 Figure 52 Typical Asymmetrical Constraining-Core
11.4.2 Film Base Material ........c.ccccooevivviiiiinieeeneniiinns 83 CONFIGUIALION ..vvvviievcieieeceeceeeeeei e 29

vi



May 2003 IPC-2221A
Figure 5-3A  Multilayer Metal Core Board with Two Figure 8-7  Mounting with Feet or Standoffs .................... 59
Symmetrical Copper-Invar-Copper Figure 8-8  Heat Dissipation Examples
Constraining Cores (when the Copper- )
|nvar.C0pper p|anes are connected to the Flgure 8-9 Lead Bends .........oooviiiiiiiiiiiee
plated-through hole, use thermal relief per Figure 8-10 Typical Lead Configurations ................cc....... 61
FIQUIE 9-4) rovvvssvvnssinssnsssnss s 29 Figure 8-11 Board Edge Tolerancing .........ccccccovvvveernvnnenn. 63
Figure 5-3B Symmetrical Constraining Core Board with Figure 8-12 Lead-In Chamfer Configuration 63
a Copper-Invar-Copper Center Core .............. 29 gure ©-12 - Lead-in Lhamier LOntguration ..........cuueeeeee
. . Figure 8-13 Typical Keying Arrangement .............cccceeveveene 63
Figure 5-4  Advantages of Positional Tolerance Over )
Bilateral Tolerance, mm [iN] .....cccoovvveeeerneen. 32 Figure 8-14 Two-Part CONNECtor ..........cccccovveriiieiiiiieine 64
Figure 5-4A  Datum REference Frame ..., 32 Figure 8-15 Edge-Board Adapter Connector ..................... 64
Figure 5-5A Example of Location of a Pattern of Figure 8-16 gg:grciip%:):lattened (Coined) Lead Joint 65
Plated-Through Holes, mm [in] ..........ccccoee... 33 TUTTETT
. . . Figure 8-17 Standoff Terminal Mounting, mm [in] .............. 66
Figure 5-5B Example of a Pattern of Tooling/Mounting . ) . i
HOIES, MM [IN] +eoeverereeeeereeeeeseeseereeeeeseesseeenes 33 Figure 8-18 Dual Hole Comflguratlon fpr Interfacial and
| g Interlayer Terminal Mountings ..........cccccveeenne. 66
Figure 5-5C Example of Location of a Conductor Pattern ) . .
Using Fiducials, Mm [in] wooeoooooooooooooooooooooooeo 34 Figure 8-19 Partially Clinched Through-Hole Leads .......... 68
Figure 5-5D Example of Printed Board Profile Location Figure 8-20  Dual In-Line Package (DIP) Lead Bends ....... 68
and Tolerance, MM [iN] ....ocooveeeeeereereeeeen. 35 Figure 8-21  Solder in the Lead Bend Radius
Figure 5-5E  Example of a Printed Board Drawing Figure 8-22 Two-Lead Radial-Leaded Components .......... 69
Utilizing Geometric Dimensioning and Figure 8-23 Radial Two-Lead Component Mounting,
Tolerancing, mm [iN] ......cccoeeviiiniiiiiiinieene, 35 MM [IN] oo 69
Figure 5-6  Fiducial Clearance Requirements .................. 36 Figure 8-24 Meniscus Clearance, mm [in] ..........ccceeeuneene. 69
Figure 5-7 FidUCIAlS, MM eveeee e 36 Figure 8-25 “TO” Can Radial-Leaded Component,
. MM [IN] oo 69
Figure 5-8  Example of Connector Key Slot Location find
and Tolerance, MM [iN] o.ooovveeveeeeeeeeeens 37 Figure 8-26  Perpendicular Part Mounting, mm [in] ............ 70
Figure 6-1  Voltage/Ground Distribution Concepts .......... 38 Figure 8-27 Flat-Packs and Quad Flat-Packs .................. 70
; ; ; Figure 8-28 Examples of Configuration of Ribbon Leads
Figure 6-2 Single Reference Edge Routing ...........c.c... 39 ’ for Thrr)ough-HoIe I\(‘/:I]ounted Flat-Packs ........... 70
Figure 6-3  Circuit Distribution .........c.cccocoviviviiiniiicinne, 39 Figure 829 Metal Power Packages with Compliant
Figure 6-4  Conductor Thickness and Width for Internal LEAAS ..evvieeeiiiiee ettt 70
and EXtermal LAYErS .......ocervrsvssnssvesens 41 Figure 8-30 Metal Power Package with Resilient
Figure 6-5  Transmission Line Printed Board SPACENS ..ot 71
CONSIUCHON oo 45 Figure 8-31 Metal Power Package with Noncompliant
Figure 6-6  Capacitance vs. Conductor Width and Leads ... 71
Dielectric Thickness for Microstrip Lines, Figure 8-32 Examples of Flat-Pack Surface Mounting ...... 72
MM [IN] e 47
fin] Figure 8-33 Round or Coined Lead .......cccccceevvveniniennnanns 72
Figure 6-7 Capaqtance Vs (?onductor .Wldth an Figure 8-34 Configuration of Ribbon Leads for Planar
Spacing for Striplines, mm [in] ..........cccoeeens 48 Mounted Flat-Packs 72
Figure 6-8  Single CONUCIOF CIOSSOVET .....e..ccovserveee 48 Figure 8-35 Heel Mounting Requirements ........................ 72
Figure 7-1  Component Clearance Requirements Figure 9-1  Examples of Modified Land Shapes .............. 74
for Automatic Component Insertion on ) _
Through-Hole Technology Printed Board Figure 9-2 External Annular RiNG ......ooovvvveeiiiiiee e 74
Assemblies [iN] ..o 51 Figure 9-3  Internal Annular RiNG ........cc.co.vvvrevriiioniiennnns 74
Figure 7-2 Relative Coefficient of Thermal Expansion Figure 9-4  Typical Thermal Relief in Planes ................... 75
(CTE) COMPAIISON ...oveeiiiveeeiiiieeeainiieaesnieeeeanes 54 Figure 10-1 Example of Conductor Beef-Up or
Figure 8-1  Component Orientation for Boundaries NECK-DOWN ..cvvviirieiieecciie e 78
and/or Wave Solder Applications. .................. 57 Figure 10-2 Conductor Optimization Between Lands ........ 79
Figure 8- Component Body Centering ..................... 58 Figure 10-3 Etched Conductor Characteristics .................. 80
Figure 8-3  Axial-Leaded Component Mounted Over Figure 11-1  Flow Chart of Printed Board Design/
CONAUCTOrS ..ot 58 FabriCation SEQUENCE ........ovveeeveereeeeerrerenes 82
Figure 8-4  Uncoated Board Clearance ............coocovuenes 59 Figure 11-2  Multilayer Board VIewing ..........ccccccceveevevnnnas, 83
Figure 8-5  Clamp-Mounted Axial-Leaded Component .... 59 Figure 11-3  Solder Resist WiNdOWS .........cccoeeevveeviveeiineenns 83
Figure 8-6  Adhesive-Bonded Axial-Leaded Component .. 59 Figure 12-1 Location of Test CirCuitry ..........ccccoeevveereenenne. 85

Vii



IPC-2221A

Figure 12-2
Figure 12-3

Figure 12-4
Figure 12-5

Figure 12-6
Figure 12-7
Figure 12-8

Figure 12-9

Figure 12-10
Figure 12-11
Figure 12-12
Figure 12-13

Figure 12-14
Figure 12-15
Figure 12-16
Figure 12-17

Figure 12-18
Figure 12-19

Figure 12-20
Figure 12-21

Figure 12-22
Figure 12-23
Figure B-1
Figure B-2
Figure B-3
Figure B-4
Figure B-5

Test Coupons A and B, mm [in] .....cccccoovveennn. 87
Test Coupons A and B (Conductor

Detail) mm, [iN] .ooooveeeriiieeee e 88
Test Coupon A/B, MM [iN] ..ocovveveeiiiiieeiiieeene 89
Test Coupon A/B (Conductor Detail),

MM [IN] o 90
Coupon C, External Layers Only, mm [in] ...... 90
Test Coupon D, mm [iN] .cccoevveereiiiiieeiiieeene 91
Example of a 10 Layer Coupon D, Modified

to Include Blind and Buried Vias .................... 93
Test Coupon D for Process Control of 4

Layer Boards .........ccccociiiiiiiiiieiiieniee e 94
Coupon E, MM ..o 94
Optional Coupon H, mm [in] ....cccccoevvveevinnnnnnn 95
Comb Pattern Examples .......ccccccovvvvveeiinenenn. 95
“Y” Pattern for Chip Component

Cleanliness Test Pattern ...........cccccevviveeneennns 96

Test Coupon F, mm [iN] .ocoveeviiieieiiiee e
Test Coupon R, mm [in] ......cccccoveiiiiiinninnne

Worst-Case Hole/Land Relationship
Test Coupon G, Solder Resist Adhesive,

MM [IN] e 99
Test Coupon M, Surface Mounting

Solderability Testing, mm [in] ....cccooovvvveeiiinnnn. 929
Test Coupon N, Surface Mounting Bond
Strength and Peel Strength, mm [in] ............ 100
Test Coupon S, MM [iN] «oooveeeviiireeeiiee e, 100

Systematic Path for Implementation of

Statistical Process Control (SPC) ................ 101
Test Coupon X, mm [iN] «.ocoeveviiireeeiiiee e, 102
Bending Test ......ccviiiiiiieieeeeeee e 102
Original Design Chart ..........cccoecvviiiiniiiennnn. 104
IPC 2221A External Conductor Chart .......... 106

Board Thickness

Board Material
Air/acuum Environment ................ccooeeeennns 107

Table 3-1
Table 3-2
Table 4-1

Table 4-2

Table 4-3

Table 4-4
Table 4-5
Table 4-6
Table 4-7
Table 5-1
Table 5-2
Table 6-1
Table 6-2

Table 7-1
Table 7-2
Table 7-3
Table 7-4

Table 9-1

Table 9-2
Table 9-3
Table 9-4
Table 9-5
Table 10-1

Table 10-2
Table 10-3

Table 12-1
Table B-1

May 2003
Tables

PCB Design/Performance Tradeoff Checklist ..... 4
Component Grid Areas .......ccccceevvveveeeiiiuveeenienn 15
Typical Properties of Common Dielectric
MaterialS ......oooviiiiiiiiii 18
Environmental Properties of Common
Dielectric MaterialS .........ccooeviiieiiiieiiieniieniies 18
Final Finish, Surface Plating Coating
Thickness Requirements .........ccccoecveeerivenennnne. 21
Gold Plating USES .......cccvveivviieeiiieiee e 22
Copper Foil/Film Requirements ..........ccccceeuneee. 23
Metal Core Substrates .........cccccevveviieeeininnenn, 23
Conformal Coating Functionality .........c.ccc.c...... 26
Fabrication Considerations ............ccccccevviennnene 27
Typical Assembly Equipment Limits ................. 31

Electrical Conductor Spacing
Typical Relative Bulk Dielectric Constant

of Board Material ..........cccceevvviieeiiiieeeeciiee e, 45
Effects of Material Type on Conduction ............ 49
Emissivity Ratings for Certain Materials ........... 49
Board Heatsink Assembly Preferences ............ 52
Comparative Reliability Matrix Component
Lead/Termination Attachment .............cccceeneee. 53
Minimum Standard Fabrication

Allowance for Interconnection Lands ................ 74
Annular Rings (Minimum) .......ccccoevviiiiieniinenns 74
Minimum Drilled Hole Size for Buried Vias ....... 76
Minimum Drilled Hole Size for Blind Vias ......... 76
Minimum Hole Location Tolerance, dtp ............ 76
Internal Layer Foil Thickness After

ProCessing ....cccocveveeiiiiie e 77

External Conductor Thickness After Plating ..... 78

Conductor Width Tolerances for 0.046 mm
[0.00181 iN] COPPET vvvveeeiiieeeeeiieeeeeiee e

Coupon Frequency Requirements .

Test SAMPIES ...c.eviieieieee e

viii



May 2003 IPC-2221A

Generic Standard on Printed Board Design

1 SCOPE thetical soft imperial (inch) units. Users of this and the cor-

This standard establishes the generic requirements for theresponding performance and qualification specifications are

design of organic printed boards and other forms of com- expected to use metric dimensions.

ponent mounting or interconnecting structures. The organic

materials may be homogeneous, reinforced, or used in1.4 Interpretation “Shall,” the imperative form of the

combination with inorganic materials; the interconnections Vverb, is used throughout this standard whenever a require-

may be single, double, or multilayered. ment is intended to express a provision that is mandatory.
Deviation from a ‘shall’ requirement may be considered if

1.1 Purpose The requirements contained herein are sufficient data is supplied to justify the exception.

intended to establish design principles and recommenda- . ., - .

tions thatshall be used in conjunction with the detailed The words *should” and "may” are used v_vheneviar !t”'s_

requirements of a specific interconnecting structure sec-Necessary 1o express nonmandatory provisions. “Will" is

tional standard (see 1.2) to produce detailed designsused to express a declaration of purpose.

intended to mount and attach passive and active compo-To assist the reader, the worgHall” is presented in bold

nents. This standard is not intended for use as a perfor-characters.

mance specification for finished boards nor as an accep-

tance document for electronic assemblies. For acceptability1.5 Definition of Terms The definition of all terms used

requirements of electronic assemblies, see IPC/EIA-J-STD- hereinshall be as specified in IPC-T-50.

001 and IPC-A-610.

1.6 Classification of Products This standard recognizes

that rigid printed boards and printed board assemblies are

subject to classifications by intended end item use. Classi-

fication of producibility is related to complexity of the

design and the precision required to produce the particular

printed board or printed board assembly.

1.2 Documentation Hierarchy This standard identifies  any producibility level or producibility design characteris-
the generic physical design principles, and is supplemented;;s may be applied to any end-product equipment category.

by various sectional documents that provide details and therefore, a high-reliability product designated as Class
sharper focus on specific aspects of printed board technol-«g» (see 1.6.2), could require level “A” design complexity

ogy. Examples are: (preferred producibility) for many of the attributes of the

IPC-2222 Rigid organic printed board structure design  Printed board or printed board assembly (see 1.6.3).
IPC-2223 Flexible printed board structure design _ _ o
IPC-2224 Organic, PC card format, printed board struc- 1.6.1 Board Type This standard provides design infor-

The components may be through-hole, surface mount, fine
pitch, ultra-fine pitch, array mounting or unpackaged bare
die. The materials may be any combination able to perform
the physical, thermal, environmental, and electronic func-
tion.

ture design mation for different board types. Board types vary per tech-
IPC-2225 Organic, MCM-L, printed board structure nology and are thus classified in the design sectionals.
design
IPC-2226 High Density Interconnect (HDI) structure 1.6.2 Performance Classes Three general end-product
design classes have been established to reflect progressive
IPC-2227 Embedded Passive Devices printed board increases in sophistication, functional performance require-
design (In Process) ments and testing/inspection frequency. It should be recog-

o . . ) nized that there may be an overlap of equipment between
The list is a partial summary and is not inherently a part of ¢j5sses. The printed board user has the responsibility to

this generic standard. The documents are a part of the PCByetermine the class to which his product belongs. The con-
Design Document Set which is identified as IPC-2220. The 53¢t shall specify the performance class required and indi-

number IPC-2220 is for ordering purposes only and will cate any exceptions to specific parameters, where appropri-
include all documents which are a part of the set, whether 4

released or in-process proposal format at the time the order _
is placed. Class 1 General Electronic Productdncludes consumer

products, some computer and computer peripherals, as well
1.3 Presentation All dimensions and tolerances in this as general military hardware suitable for applications
standard are expressed in hard Sl (metric) units and parenwhere cosmetic imperfections are not important and the

1





