
IPC-2581C

Generic Requirements for

Printed Board Assembly

Products Manufacturing

Description Data and

Transfer Methodology

Developed by the Digital Product Model Exchange (DPMX) 
Subcommittee (2-16) of the Electronics Product Data Description 
Committee (2-10) of IPC

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

Contact:

IPC

Supersedes:
IPC-2581B-WAM1 -

December 2016
IPC-2581B - September 2013
IPC-2581A - May 2012
IPC-2581 with Amendment 1 -

May 2007
IPC-2581 - March 2004



Table of Contents

1 SCOPE ...................................................................... 1

1.1 Purpose ................................................................. 1

1.2 Notation ................................................................ 1

2 APPLICABLE DOCUMENTS .................................... 1

2.1 Documentation Conventions ................................ 2

3 REQUIREMENTS ...................................................... 4

3.1 Rules Concerning the Use of XML and XML
Schema ................................................................. 6

3.1.1 File Readability and Uniformity .......................... 6

3.1.2 File Markers ......................................................... 6

3.1.3 File Extension ...................................................... 6

3.1.4 File Remarks ........................................................ 6

3.1.5 Character Set Definition ...................................... 6

3.1.6 Child Element Order ............................................ 6

3.1.7 XML Validation and Schema File Location ....... 7

3.2 Naming Attributes Within a IPC-2581 File ........ 7

3.2.1 Data Organization and Identification Rules ........ 7

3.2.2 The Use of XML Elements and Types ............... 7

3.2.3 Attribute Base Types (Governing Templates) ..... 8

3.2.4 Coordinate System and Transformation Rules .... 9

3.3 Transformation Characteristics (Xform) .............. 9

3.3.1 The x and y Offset Attributes ............................ 10

3.3.2 The Rotation Attribute ....................................... 10

3.3.3 The Mirror Attribute .......................................... 11

3.3.4 The Scale Attribute ............................................ 11

3.3.5 The x and y Location Attributes ........................ 11

3.3.6 The FaceUp Attribute ......................................... 11

3.4 Base Elements .................................................... 11

3.4.1 Line ..................................................................... 12

3.4.2 Arc ...................................................................... 13

3.4.3 PolyBegin ........................................................... 14

3.4.4 Polygon ............................................................... 14

3.4.5 Polyline ............................................................... 15

3.4.6 Cutout ................................................................. 15

3.4.7 Outline ................................................................ 16

3.4.8 PinRef ................................................................. 17

3.4.9 Location .............................................................. 18

3.4.10 Property .............................................................. 18

3.5 Substitution Groups ............................................ 20

3.5.1 ColorGroup ......................................................... 22

3.5.2 Fiducial ............................................................... 24

3.5.3 FirmwareGroup .................................................. 24

3.5.4 FontDef ............................................................... 26

3.5.5 LineDescGroup .................................................. 29

3.5.6 FillDescGroup .................................................... 31

3.5.7 PolyStep .............................................................. 34

3.5.8 Simple ................................................................. 36

3.5.9 StandardPrimitive ............................................... 37

3.5.10 StandardShape .................................................... 59

3.5.11 UserPrimitive ...................................................... 59

3.5.12 UserShape ........................................................... 62

3.5.13 Feature ................................................................ 63

4 CONTENT ................................................................ 64

4.1 FunctionMode .................................................... 65

4.1.1 Schema Sections ................................................ 66

4.1.2 Modes ................................................................. 69

4.1.3 FunctionMode Element ...................................... 70

4.2 StepRef ............................................................... 71

4.3 LayerRef ............................................................. 71

4.4 BomRef .............................................................. 72

4.5 AvlRef ................................................................. 72

4.6 DictionaryColor .................................................. 73

4.7 DictionaryLineDesc ............................................ 73

4.8 DictionaryFillDesc ............................................. 75

4.9 DictionaryFont .................................................... 76

4.10 DictionaryFirmware ........................................... 77

5 LOGISTIC HEADER ................................................ 78

5.1 LogisticHeader ................................................... 78

5.2 Role .................................................................... 79

5.3 Enterprise ............................................................ 80

5.4 Person ................................................................. 82

6 HISTORY RECORD ................................................ 83

6.1 HistoryRecord .................................................... 83

6.2 FileRevision ........................................................ 84

6.3 SoftwarePackage ................................................ 85

6.4 ChangeRec .......................................................... 86

7 BOM (Material List) ................................................ 87

7.1 BOM Header ...................................................... 89

7.2 BomItem ............................................................. 90

7.2.1 BomDes .............................................................. 92

7.2.2 Characteristics .................................................... 99

8 ELECTRONIC COMPUTER AIDED DESIGN
(ECAD) .................................................................. 103

8.1 CadHeader ........................................................ 104

November 2020 IPC-2581C

v



8.1.1 Spec .................................................................. 105

8.1.2 ChangeRec ........................................................ 137

8.2 CadData ............................................................ 138

8.2.1 Layer ................................................................. 140

8.2.2 Stackup ............................................................. 143

8.2.3 Step ................................................................... 149

9 APPROVED VENDOR LIST (AVL) ....................... 234

9.1 AvlHeader ......................................................... 235

9.2 AvlItem ............................................................. 236

9.2.1 AvlVmpn .......................................................... 237

10 GLOSSARY .......................................................... 239

10.1 Names and Acronyms ...................................... 239

10.2 Process Flow Descriptions ............................... 239

10.3 Terms and Definitions ...................................... 240

10.4 Enumerated strings of IPC-2581 ..................... 240

11 REFERENCE INFORMATION ............................. 241

11.1 IPC .................................................................... 241

11.2 American National Standards Institute ............ 241

11.3 Department of Defense .................................... 242

11.4 Electronic Industries Association .................... 242

11.5 International Organization for Standards
(ISO) ................................................................. 242

APPENDIX A Panel Instance File ......................... 243

APPENDIX B Potential Reference Designator
Assignment for Non-Electrical
Items ................................................. 247

APPENDIX C Summary of Changes from
Revision B Am1 ............................... 249

Figures

Figure 3-1 Printed Board Viewing ....................................... 9

Figure 3-2 Rotation and Mirror Diagram ........................... 11

Figure 3-3 Mirror and FaceUp Diagram ............................ 11

Figure 3-4 Glyph Bounding Rectangles to Text
Bounding Box Relationships ........................... 28

Figure 3-5 Bounding Rectangle to Round End
Character Relationships .................................. 61

Figure 3-6 Text Transformation Examples ........................ 61

Figure 3-7 Rotation Angle ................................................. 62

Figure 8-1 Counterbore and Countersink ....................... 130

Figure 8-2 An Example of Edge-Plating ......................... 132

Figure 8-3 Single Design Within a Panel ........................ 158

Figure 8-4 Design Array Within a Panel ......................... 158

Figure 8-5 Design Array Based on Two Matrices
Within a Panel ............................................... 158

Figure 8-6 Design Tiled as Pairs Within a Panel ............ 159

Figure 8-7 Design Flipped as a Pair Within a Panel ...... 159

Figure 8-8 Multiple Designs placed within a Panel ........ 160

Figure 8-9 Multiple Slots provided for tooling
within a Panel ................................................ 160

Figure 8-10 Footprint with Signal Pin in Center and
Surrounded by Ground Pins ......................... 163

Figure 8-11 Package Views .............................................. 163

Figure 8-12 Face Down Not Mirrored Example ................ 172

Figure 8-13 Face Down Mirrored Example ....................... 173

Figure 8-14 Face Up Not Mirrored Example .................... 174

Figure 8-15 Face Up Mirrored Example ........................... 175

Figure 8-16 Placed on Dialectric Base Example .............. 175

Figure 8-17 Placed in Cavity Drilled to Given
Depth Example .............................................. 176

Figure 8-18 Wire Bonded Components Example ............. 177

Figure 8-19 Etched Components Example ....................... 178

Figure 8-20 An Annular Resistor Formed by Screen
Printing a Resistive Material (Blue) Over
a Copper Plane (Orange) .............................. 179

Figure 8-21 Cross Section of a Thermal Relief Coin ....... 180

Figure 8-22 3D Representation of a Thermal Relief
Coin ............................................................... 180

Figure 8-23 Graphical Representation of the Examples
Listed in Section 8.2.3.10.10.7 ...................... 201

Figure 8-24 Example of Bend Angle = 180 Degrees
and Corresponding Bend Area ...................... 205

Figure 8-25 Example of Bend Angle = 90 Degrees
and Corresponding Bend Area ...................... 206

Figure 8-26 Stackup Zones .............................................. 208

Figure 8-27 Custom IC Example ...................................... 213

Figure 8-28 Off-The-Shelf Component Example .............. 214

Figure 8-29 Connector Example ....................................... 216

Figure 8-30 Custom IC Example ...................................... 217

Figure 8-31 Example of a Line-to-Line Violation .............. 229

Figure 8-32 Example of Componenet Spacing
Violation ......................................................... 230

Figure 8-33 Example of Minimum Line Width .................. 231

Figure 10-1 Electronic Printed Board Design, Through
Fabrication, Assembly, and Test Process
Data Flow ...................................................... 239

Figure A-1 Multiple Board Designs and Coupon
Panel ............................................................. 243

Tables

Table 2-1 Graphical Notation Overview .............................. 2

Table 3-1 Children Elements ............................................... 5

Table 3-2A Governing Template Basic Types
Defined by W3C .................................................. 8

Table 3-2B Governing Template Basic Types
Defined by IPC .................................................... 9

Table 3-3 The Xform Element ........................................... 10

Table 3-4 The Line Element .............................................. 12

Table 3-5 The Arc Element ............................................... 13

Table 3-6 The PolyBegin Element .................................... 14

IPC-2581C November 2020

vi



Table 3-7 The Polygon Element ........................................ 14

Table 3-8 The Polyline Element ........................................ 15

Table 3-9 The Cutout Element .......................................... 15

Table 3-10 The Outline Element ......................................... 16

Table 3-11 The PinRef Element .......................................... 17

Table 3-12 The Location Element ....................................... 18

Table 3-13 The Property Element ....................................... 19

Table 3-14 Substitution Groups ........................................... 21

Table 3-15 The ColorGroup Substitution Group ................. 22

Table 3-16 Color .................................................................. 22

Table 3-17 The ColorRef Element ...................................... 23

Table 3-18 The ColorTerm Element .................................... 23

Table 3-19 The Fiducial Substitution Group ....................... 24

Table 3-20 The FirmwareGroup Substitution Group ........... 24

Table 3-21 The ChachedFirmware Element ....................... 25

Table 3-22 FirmwareRef ...................................................... 25

Table 3-23 The FontDef Substitution Group ....................... 26

Table 3-24 The FontDefEmbedded Element ...................... 27

Table 3-25 Glyph ................................................................. 28

Table 3-26 The FontDefExternal Element ........................... 29

Table 3-27 The LineDescGroup Substitution Group ........... 29

Table 3-28 The LineDesc Element ...................................... 30

Table 3-29 The LineDescRef Element ................................ 31

Table 3-30 The FillDescGroup Substitution Group ............. 31

Table 3-31 The FillDesc Element ........................................ 32

Table 3-32 The FillDescRef Element .................................. 33

Table 3-33 The Polystep Substitution Group ...................... 34

Table 3-34 The PolyStepCurve Element ............................. 34

Table 3-35 The PolyStepSegment Element ........................ 35

Table 3-36 The Simple Substitution Group ......................... 36

Table 3-37 Standard Primitives ........................................... 37

Table 3-38 The Butterfly Element ....................................... 39

Table 3-39 The Circle Element ........................................... 40

Table 3-40 The Contour Element ........................................ 41

Table 3-41 The Diamond Element ...................................... 42

Table 3-42 The Donut Element ........................................... 43

Table 3-43 The Ellipse Element .......................................... 45

Table 3-44 The Hexagon Element ...................................... 46

Table 3-45 The Moire Element ............................................ 47

Table 3-46 The Octagon Element ....................................... 48

Table 3-47 The Oval Element ............................................. 49

Table 3-48 The RectCenter Element .................................. 50

Table 3-49 The RectCham Element .................................... 51

Table 3-50 The RectCorner Element .................................. 53

Table 3-51 The RecRound Element .................................... 54

Table 3-52 The Thermal Element ....................................... 56

Table 3-53 The Triangle Element ........................................ 58

Table 3-54 The StandardShape Substitution Group ........... 59

Table 3-55 The UserPrimitive Substitution Group .............. 59

Table 3-56 The Text Element .............................................. 60

Table 3-57 The UserSpecial Element ................................. 62

Table 3-58 The UserShape Substitution Group .................. 62

Table 3-59 The Feature Substitution Group ....................... 63

Table 4-1 The Content Sub-Element ................................ 64

Table 4-2 Function Mode Table ......................................... 66

Table 4-3 The FunctionMode Element .............................. 70

Table 4-4 The StepRef Element ........................................ 71

Table 4-5 The LayerRef Element ...................................... 71

Table 4-6 The BomRef Element ........................................ 72

Table 4-7 The AvlRef Element .......................................... 72

Table 4-8 The DictionaryColor Element ............................ 73

Table 4-9 The DictionaryLineDesc Element ...................... 74

Table 4-10 The DictionaryFillDesc Element ........................ 75

Table 4-11 The DictionaryFont Element ............................. 76

Table 4-12 The DictionaryFirmware Element ...................... 77

Table 5-1 The LogisticHeader Element ............................. 78

Table 5-2 The Role Element ............................................. 79

Table 5-3 The Enterprise Element .................................... 80

Table 5-4 The Person Element ......................................... 82

Table 6-1 The HistoryRecord Element .............................. 83

Table 6-2 The FileRevision Element ................................. 84

Table 6-3 The SoftwarePackage Element ........................ 85

Table 6-4 The ChangeRec Element .................................. 86

Table 7-1 The Bom Element ............................................. 88

Table 7-2 The BomHeader Element ................................. 89

Table 7-3 The BomItem Element ...................................... 90

Table 7-4 The BomDes Element ....................................... 92

Table 7-5 The DocDes Element ........................................ 92

Table 7-6 The MatDes Element ........................................ 93

Table 7-7 The RefDes Element ......................................... 94

Table 7-8 The Tuning Element .......................................... 95

Table 7-9 The Firmware Element ...................................... 96

Table 7-10 The FirmwareGroup Element ............................ 97

Table 7-11 The ToolDes Element ........................................ 97

Table 7-12 The FindDes Element ....................................... 98

Table 7-13 The Characteristics Element ............................. 99

Table 7-14 The Measured Element ................................... 100

Table 7-15 The Ranged Element ...................................... 101

Table 7-16 The Enumerated Element ............................... 102

Table 7-17 The Textual Element ....................................... 102

Table 8-1 The Ecad Element .......................................... 103

Table 8-2 The CadHeader Element ................................ 104

Table 8-3 The Spec Element .......................................... 105

Table 8-4 The SpecificationType Element ...................... 106

Table 8-5 The Backdrill Element ..................................... 107

Table 8-6 The Compliance Element ................................ 109

Table 8-7 The Conductor Element .................................. 110

Table 8-8 The Dialectric Element .................................... 111

November 2020 IPC-2581C

vii



Table 8-9 The General Element ...................................... 112

Table 8-10 The Impedance Element ................................. 114

Table 8-11 The SingleEnded Element .............................. 115

Table 8-12 The EdgeCoupled Element ............................. 116

Table 8-13 The BroadsideCoupled Element ..................... 117

Table 8-14 The CoplanarWaveguide Element .................. 118

Table 8-15 Transmission Type Common Child Elements . 119

Table 8-16 The Technology Element ................................ 121

Table 8-17 The Temperature Element .............................. 122

Table 8-18 The Thieving Element ..................................... 123

Table 8-19 The Tool Element ............................................ 125

Table 8-20 The V_Cut Element ......................................... 127

Table 8-21 The EdgeChamfer Element ............................ 129

Table 8-22 The SecondaryDrill Element ........................... 131

Table 8-23 The EdgePlating Element ............................... 133

Table 8-24 The SurfaceFinish Element ............................. 134

Table 8-25 The Flex Element ............................................ 135

Table 8-26 The Loss Element ........................................... 136

Table 8-27 The ChangeRec Element ................................ 137

Table 8-28 The CadData Element .................................... 138

Table 8-29 Hierarchy of Layer and Stackup Elements ..... 139

Table 8-30 The Layer Element .......................................... 140

Table 8-31 Step Elements to Layer Attribute
Recommendations .......................................... 142

Table 8-32 The Stackup Element ...................................... 143

Table 8-33 The StackupGroup Element ............................ 146

Table 8-34 The StackupLayer Element ............................. 148

Table 8-35 The Step Element ........................................... 149

Table 8-36 The NonstandardAttribute Element ................. 151

Table 8-37 The PadStackDef Element .............................. 152

Table 8-38 The PadStackHoleDef Element ...................... 153

Table 8-39 The PadstackPadDef Element ........................ 154

Table 8-40 The Datum Element ........................................ 155

Table 8-41 The Profile Element ........................................ 155

Table 8-42 The StepRepeat Element ................................ 156

Table 8-43 The Package Element ..................................... 161

Table 8-44 The LandPattern Element ............................... 164

Table 8-45 The SilkScreen Element ................................. 165

Table 8-46 The AssemblyDrawing Element ...................... 166

Table 8-47 The Pin Element ............................................. 167

Table 8-48 The Topside Element ...................................... 168

Table 8-49 The OtherSideView Element ........................... 169

Table 8-50 The Component Element ................................ 170

Table 8-51 The SlotCavityRef Element ............................. 171

Table 8-52 The LogicalRef Element .................................. 182

Table 8-53 The PhyNetGroup Element ............................. 183

Table 8-54 The PhyNet Element ....................................... 184

Table 8-55 The LayerFeature Element ............................. 185

Table 8-56 The Set Element ............................................. 187

Table 8-57 The NonstandardAttribute Element ................. 188

Table 8-58 The Pad Element ............................................ 189

Table 8-59 The Fiducial Element ...................................... 190

Table 8-60 The BadBoardMark Element ........................... 191

Table 8-61 The GlobalFiducial Element ............................ 192

Table 8-62 The GoodPanelMark Element ......................... 193

Table 8-63 The LocalFiducial Element .............................. 194

Table 8-64 The Hole Element ........................................... 195

Table 8-65 The SlotCavity Element .................................. 198

Table 8-66 The Z_AxisDim Element ................................. 199

Table 8-67 The MaterialCut Element ................................ 199

Table 8-68 The MaterialLeft Element ................................ 200

Table 8-69 The Fill Elelement ........................................... 200

Table 8-70 The Features Element .................................... 202

Table 8-71 The NetShort Element .................................... 203

Table 8-72 The BendArea Element ................................... 204

Table 8-73 The CircularBend Element .............................. 204

Table 8-74 The StackupZone Element ............................. 207

Table 8-75 The ZoneLayer Element ................................. 209

Table 8-76 The Port Element ............................................ 210

Table 8-77 The PortConnect Element ............................... 211

Table 8-78 The WireBond Element ................................... 212

Table 8-79 The ConnectorMate and ComponentPad
Elements ......................................................... 215

Table 8-80 The PortRef Element ...................................... 218

Table 8-81 The Model Element ......................................... 218

Table 8-82 The Dfx Element ............................................. 220

Table 8-83 The Criteria Element ....................................... 221

Table 8-84 The DfxMeasurement Element ....................... 222

Table 8-85 The Measurement Element ............................. 223

Table 8-86 The DfxQuery Element ................................... 223

Table 8-87 The DfxDetails Element .................................. 224

Table 8-88 The FeatureDescription Element .................... 225

Table 8-89 The Marker Element ....................................... 226

Table 8-90 The EmbeddedRef Element ............................ 227

Table 8-91 The DfxResponse Element ............................. 228

Table 9-1 The Avl Element .............................................. 234

Table 9-2 The AvlHeader Element .................................. 235

Table 9-3 AvlItem ............................................................ 236

Table 9-4 The AvlVmpn Element .................................... 237

Table 9-5 The AvlMpn Element ....................................... 238

Table 9-6 The AvlVendor Element .................................. 238

Table 10-1 Names and Acronyms Used in IPC-2581C .... 239

IPC-2581C November 2020

viii



Generic Requirements for Printed Board Assembly Products
Manufacturing Description Data and Transfer Methodology

1 SCOPE

This standard specifies the XML schema that represents the intelligent data file format used to describe printed board and
printed board assembly products with details sufficient for tooling, manufacturing, assembly, and inspection requirements.
This format may be used for transmitting information between a printed board designer and a manufacturing or assembly
facility. The data is most useful when the manufacturing cycle includes computer-aided processes and numerical control
machines.

The data can be defined in either English or International System of Units (SI) units.

1.1 Purpose The generic format requirements are provided in a series of standards focused on printed board manufactur-
ing, assembly, and inspection testing. This standard series consists of a generic standard (IPC-2581) that contains all the
general requirements. There are seven sectional standards that are focused on the XML details necessary to accumulate infor-
mation in the single file, that address the needs of the manufacturing disciplines producing a particular product.

The sectional standards (IPC-2582 through 2588) paraphrase the important requirements and provide suggested usage and
examples for the topic covered by the sectional standard.

1.2 Notation Although the data would be contained in a single file, the file can have different purposes as described in
Section 4. The XML schema used for this standard follows the notations set forth by the W3C and is as follows:

• element – Element appears exactly one time

• element? – Element may appear 0 or 1 times

• element* – Element may appear 0 or more times

• element+ – Element may appear 1 or more times

Any IPC-2581 file is composed of a high level element (IPC-2581) that contains up to six sub-elements:

• Content – information about the contents of the IPC-2581 file

• LogisticHeader – information pertaining to the order and supply data

• HistoryRec – change information of the file

• Bom – Bill of Materials (Material List) information

• Ecad – Computer Aided Design (engineering) information

• Avl – Approved Vendors List information

2 APPLICABLE DOCUMENTS

The following documents contain requirements which, when referenced, constitutes provisions of IPC-2581. At the time of
publication, the editions indicated were valid. All documents are subject to revision and parties entering into agreements
based on this standard are encouraged to investigate the possibility of applying the most recent editions of the documents
indicated below.

The revision of the document in effect at the time of solicitation shall take precedence.

IPC-T-50 Terms and Definitions for Interconnecting and Packaging Electronic Circuits

IPC-2501 Definition for Web-Based Exchange of XML Data

IPC-2524 PWB Fabrication Data Quality Rating System

IPC-2511 Generic Requirements for Implementation of Product Manufacturing Description Data and Transfer XML Schema
Methodology
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