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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.
Standards Should:
• Show relationship to Design for Manufacturability
(DFM) and Design for the Environment (DFE)
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and
problems for future improvement

Notice

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot
be defended with data

IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
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 manufacturing or selling products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.
Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC standard/guideline is updated and a new revision is published, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision.
Adopted October 6. 1998

Why is there
a charge for
this standard?

Your purchase of this document contributes to the ongoing development of new and updated
industry standards. Standards allow manufacturers, customers, and suppliers to understand one
another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.
IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates 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 in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
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 847/790-5372.
Thank you for your continued support.

©Copyright 2000. IPC, Northbrook, Illinois. All rights reserved under both international and Pan-American copyright conventions. Any
copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly prohibited and
constitutes infringement under the Copyright Law of the United States.
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IPC-2221
Generic Standard on Printed Board Design
Amendment 1
Title ‘‘Producibility Level’’ should be ‘‘Complexity Level.’’

Para 1.6.3

Para 4.2.3 First paragraph, first sentence: Replace refer-

ence to MIL-S-13949 with IPC-4101.
Add fifth sentence: ‘‘Attention should be paid to
the effects of dissimilar metals in areas such as: connectors,
sockets, and other interfaces. The result of a poor material
selection could be a reduction in function, either mechanical or electrical.’’

Para 4.4

Figure 7-1 Should be dimensioned in Imperial Units.
Para 8.3.1.6 First paragraph, first sentence: Replace reference to para 8.1.14 with para 8.1.11.
Para 9.1.1 Variable a, add: Note: For external layers, the

requirement is the maximum diameter of the finished hole.
For internal layers, the drilled hole diameter is used.
Para 9.1.1 Variable b, add: Note. Etchback must be
included within the calculation.*

First paragraph, last sentence:
‘‘solder form’’ with ‘‘solder from.’’

Para 9.2.7.1

Replace

Append following the third paragraph:

Para 4.5.1

Third paragraph, second sentence should
read: ‘‘The nominal finished conductor width and acceptable tolerances, shall be shown on the master drawing.’’

Para 10.1.1

If the application or design mandates, the minimum and/or
maximum solder mask thickness shall be specified on the
Master Drawing. The minimum thickness specification is
required to meet insulation resistance requirements and
shall be calculated from SM material specifications. The
maximum thickness specification is required for component assembly process issues, such as solder paste applications.
Second paragraph, second sentence, replace
‘‘jeopardize are circuits’’ with ‘‘jeopardize bare circuits.’’

Para 4.5.2.1

First paragraph, second sentence, replace reference to paragraph 8.1.12 with reference to paragraph
8.1.9.
Para 5.3.2

Para 5.4.3 Section C. Fifth sentence should read: ‘‘...with
respect to the assembly tooling holes (see Figure 5-6).’’
Para 6.2 First paragraph, second sentence. Add following
end of sentence:

I = k∆T0.44A0.725
Where I = current in amperes, A = cross section in sq. mils,
and ∆T = temperature rise in °C
Para 6.4.1 Variable c, change ‘‘(3.0x108 m/s)’’ to : 3.0 X

108 m/s.
Table 6-2

Change ‘‘MIL-S-13949’’ to ‘‘IPC-4101.’’

Fourth paragraph, second sentence, change
‘‘principle’’ to ‘‘principal.’’
Para 7.1.2

Replace Para 12.4.1 as follows:
12.4.1 Specimen A and B (Plated Hole Evaluation)

Test specimen A and B are used to evaluate plated hole
characteristics. Test specimen A is used for solderability
and rework simulation containing the largest component
hole and land associated with that hole that can be fitted on
a 2.5 mm [0.0984 in] grid. Test specimen B is used for
thermal stress testing and contains the smallest through
hole on the board and its associated land. This is the hole
which is the most difficult to plate and is exposed to the
greatest Z axis stress. When outer layer interconnecting
blind holes exist, a minimum of one additional B specimen
shall be added to represent the most complex blind hole.
For thermal stress testing, when there is a combination of
both via and component holes on the same pcb, the following is mandated: Either the B coupon shall reflect both
hole sizes, or both A&B shall be used for sampling purposes. For this purpose, the B coupon shall be designed so
as to provide a minimum of three holes of each size.
Figure 12-2 shows the general configuration of the specimen. The land shape shall be the same as that used on the
printed board for these lands and holes. Imaged layers shall
represent printed board design, e.g., ground ties on specific
layers, deleted non-functional lands, etc.
For internal layers connection holes (blind and buried vias)
a minimum of one additional B specimen shall be added
for each interconnection plating operation required by the
design. See Figure 12-3 for an example of additional B
coupon use.
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Note: Coupon S may be substituted for solderability testing (see 12.4.9 and Figure 12-18. Specimen A is not
required for non-through hold SMT designs (see 12.4.7 and
Figure 12-6).
Para 12.4.9 Fourth sentence, replace with ‘‘this specimen
is referenced in J-STD-003.’’
Add new Para 12.4.12 Specimen X This specimen shall
be used to validate bending flexibility and bending endurance of flexible printed wiring applications. This specimen
is typically used for qualification and/or acceptance testing
of flexible products designed for installation use B
(dynamic flex). The specimen should represent the circuit
conductor characteristics of the actual design. The outline
of the specimen as shown in Figure 12-20 shall not be
deviated from in order to accommodate the test method
fixture. The number of minimum flex life cycles should be
specified on the master drawing. Refer to IPC-2223 for
specific design flexibility guidelines.
Appendix A First column, last bullet should read: ‘‘Avoid
‘‘wired’OR’’ and ‘‘wired’AND’’ connections. If you cannot, use gates from the same integrated circuit package.’’
Appendix A

Second column, first bullet: Delete.

Appendix A Second column, sixteenth bullet should read
‘‘...complex circuit lines to an integrated circuit package.’’
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Replace Figure 5-1 as follows:

Board
No.

Printed Board Size
0.4 [0.016]

A1

80 x 60
[3.15 x 2.36]

A2

80 x 120
[3.15 x 4.724]

D

▼

▼

240 [9.449]

C

B2

170 x 120
[6.693 x 4.724]

B3

170 x 180
[6.693 x 7.087]

60 [2.36]

▼

A

▼

170 x 60
[6.693 x 2.36]

120 [4.724]

▼

B

▼

B1

180 [7.087]

▼

80 x 240
[3.15 x 0.449]

▼

A4

80 x 180
[3.15 x 7.087]

▼

A3

▼
▼
▼
B4

C1

170 x 240
[6.693 x 9.449]

A1

260 x 60
[10.24 x 2.36]

C2

260 x 120
[10.24 x 4.724]

C3

260 x 180
[10.24 x 7.087]

C4

260 x 240
[10.24 x 9.449]

D1

350 x 60
[13.78 x 2.36]

D2

350 x 120
[13.78 x 4.724]

D3

350 x 180
[13.78 x 7.087]

D4

350 x 240
[13.78 x 9.449]

350
[13.78]
260
[10.24]

80
[3.15]

▼

170
[6.693]

4

3

2

1

▼

▼

▼

Extractor Hole Size
3 ± 0.10 [0.12 ± 0.00394]

[Not recommended for Best Panel Utilization]
IPC-2221-5-1

Figure 5-1

Example of printed board size standardization, mm [in]
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Replace Figure 5-7 as follows:

PANEL TOOLING HOLE
(3 PLACES)

INDIVIDUAL BOARD TOOLING HOLES
(3 PLACES PER BOARD)

X.XXX

X.XX
X.XXX

X.XXX

DATUM

DATUM
X.XXX

X.XX
X.XXX
X.XX

8 BOARD PANELIZATION
IPC-2221-5-7

Figure 5-7

4

Datum Features for Panelization
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Replace Figure 6-7 as follows:

180
150
140
130

ε

1 oz Cu, FR4,
r = 4.7
Spacing, h = Separation
Between stripline
and Ground Plane

0.33
[12.99]
▼

0.25
[9.84]

100

0.5
[19.69]

▼

h

90

▼

Capacitance/ft
(pF)

110

w

▼

120

Spacing

80

0.75

70

1.00

53]
[29.
37]
[39.

60
50

1.25

1]

[49.2

40
30
20
0.10 0.25
5.12 9.84

0.40
15.0

0.50
20.1

0.65 0.75 0.90
25.2 29.9 35.0

1.00 1.15 1.30 1.40 1.50 1.65 1.80 1.90
40.2 44.88 50.00 55.12 59.84 64.96 70.08 74.80

Conductor Width
IPC-2221-6-7

Figure 6-7

Capacitance vs. conductor width and spacing for striplines, mm [mils]

Replace Figure 8-16 as follows:

IPC-2221-8-16

Figure 8-16

Round or flattened (coined) lead joint description
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Replace Figure 8-25 as follows:

SEATING
PLANE

5.80 mm
[0.2299 in] DIA
Bolt Circle

•
• • • •

•
• • • •

• • ••

• • • •
30˚ TYP

IPC-2221-8-25

Figure 8-25

‘‘TO’’ can radial-leaded component, mm [in]

Replace Table 9-2 as follows:
Table 9-2

6

Annular Rings (Minimum)

Annular Ring

Class 1, 2, and 3

Internal Supported

0.025 mm [0.000984 in]

External Supported

0.050 mm [0.00197 in]

External Unsupported

0.150 mm [0.005906 in]
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Replace Figure 10-3 as follows:

"A" POINT OF NARROWEST CONDUCTOR WIDTH: This is
not "Minimum Conductor Width" noted on master drawings
or performance specifications.

Resist

"B" CONDUCTOR BASE WIDTH: The width that is measured
when "Minimum Conductor Width" is noted on the master
drawing or performance specification.

V

"C" PRODUCTION MASTER WIDTH: The width usually
determines the width of the metal or organic resist on
the etched conductor.

X
Laminate

V

Design width of the conductor is specified on the master
drawing and is most often measured at the conductor base
"B" for compliance to "minimum conductor width" requirements.

Etch Factor =
X

The following two configurations show that conductor width may be greater at the surface than at the base.
Dry
Film
Resist

Tin-lead
plated
resist

"A"

"A"
Copper Plate

Copper Foil
Copper Foil
"B"

"B"

Internal layer after etch

Internal plated layer as used for buried vias

Plated Tin-lead
Etch resist

Plated Tin-lead
Etch resist

Outgrowth

Outgrowth

"B"

Undercut

Overhang

"A"

Pattern plating (dry film resist) with outgrowth

"B"(ALT)

Pattern plating (liquid resist) with outgrowth

Note: The extent of outgrowth, if present, is related to the dry film resist thickness.
Outgrowth occurs when the plating thickness exceeds the resist thickness.
"B" (ALT) would be used to determine compliance with "Minimum Conductor Width" for this etch configuration.

"C"
Undercut

Thin clad & pattern plating (etch resist)

The effective width of a conductor
may vary from the conductor width
from surface obstructions (W).

Note: The different etch configurations may not meet intended design requirements.
IPC-2221-10-3

Figure 10-3

Etched Conductor Characteristics
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Replace Table 12-1 as follows:
Table 12-1
Specimen Purpose

I.D.2

Specimen Frequency Requirements1
Class 1

Class 2

Class 3

Conformance Testing
Hole Solderability, Rework
Simulation

A

Not required

Twice per panel

Twice per panel, opposite
corners

Solderability

S

Optional

Optional

Optional

Solder Resist Tenting
(if used)

T

Not required

Once per panel with solder
resist, location optional

Once per panel with solder
resist, location optional

Thermal Stress, Plating
Thickness, and Bond
Strength Type 1

B

Twice per panel opposite
corners

Twice per panel opposite
corners

Twice per panel opposite
corners

Plating Adhesion and
Surface Solderability

C

Not required

Once per panel, location
optional, pattern defined by
artwork

Once per panel location
optional, pattern defined by
artwork

Solder Resist (if used)

G

Once per panel with solder
resist, location optional

Once per panel with solder
resist, location optional

Once per panel with solder
resist, location optional

Surface Mount Solderability
(Optional for SMT)

M

Not required

Once per panel, location
optional, pattern defined by
artwork

Once per panel, location
optional, pattern defined by
artwork

Surface Mount Bond
Strength (Optional for SMT)

N

Not required

Once per panel, location
optional, pattern defined by
artwork

Once per panel, location
optional, pattern defined by
artwork

Surface Insulation
Resistance

H

Once per panel, location
optional

Twice per panel opposite
corners

Twice per panel opposite
corners

Moisture and Insulation
Resistance

E

Once per panel, location
optional

Twice per panel, opposite
corners

Twice per panel opposite
corners

Registration (Option 1 or 2)

F

Not required

Four per panel, opposite
sides defined by artwork

Four per panel, opposite
sides defined by artwork

Registration (Optional)

R

Not required

Four per panel, opposite
sides defined by artwork

Four per panel, opposite
sides defined by artwork

Interconnect Resistance
(Optional 1 or 2)

D

Not required

Once per panel, location
optional, pattern defined by
artwork

Once per panel, location
optional, pattern defined by
artwork

Bending Flexibility, Flexible
Endurance

X

Optional, pattern defined by
artwork

Optional, pattern defined by
artwork

Optional, pattern defined by
artwork

Reliability Assurance Inspection

Optional or Process Control

1
2
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If additional coupons for impedance testing are required, follow guidelines of IPC-D-317 and IPC-2141.
Where possible, coupon identification letters have been chosen to conform to those currently being used for conformance evaluations.
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Replace Figure 12-2 as follows:

Layer 1 Only
Appropriate
Specimen Number
PL 2

0.25 (REF)
[0.00984]
Border
Layer 1 Only

35.0
[1.378]

17.5
[0.6890]
14.0
[0.5512]

A

3.80
[0.1500]
2 PL
7.5
[0.295]

3.80
[0.1500]
2 PL

B

3.80
[0.1500]
2 PL

4.5
[0.177]

25.5
[1.004]

35.0
[1.378]

14.0
[0.5512]

0.500
[0.01969]
4 PL

0.500
[0.01969]
2 PL

PLANE LAYERS
IPC-2221-12-2

Figure 12-2

Test Specimen A and B, mm [in]

Figure 12-3, replace with new Figure 12-3 as follows:

IPC-2221-12-3

Figure 12-3

Test Specimen A and B (example of multiple coupon use for an IPC-6012 Type 4 PWB design)
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Figure 12-18, Test Specimen S, replace as follows:

▼
▼
▼

▼

▼

22.5 mm 9 Spaces @ 2.5 mm
[0.0984 in]
[0.8858 in]

▼

▼
2.5 mm [0.0984 in]

▼

3.0 mm
[0.118 in]

27.5 mm
[1.082 in]

▼

Layer 1 Only
Appropriate
Specimen
Number

2.0 mm
[0.079 in]

▼
S

▼
7.5 mm [0.295 in]

▼
▼

2.5 mm [0.0984 in]

▼
40 Plated-Through Holes
0.8 ± 0.0125 mm [0.031 ± 0.0004921 in]
Land Size 1.5 mm [0.0590 in]
IPC-2221-12-18

Figure 12-18
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Suggested Test Specimen for Plated-Through Holes
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Insert Figure 12-20 as follows:

X-1, X-2, X-3 Coupon Details
190.00 mm [7.48032 in]
186.25 mm [7.33268 in]

2.50 mm
[0.09843 in]
TYP
10.50 mm
[0.41339 in]
TYP

5.00 mm
[0.1969 in]
TYP
4 PL

0.62 mm [0.0244 in] Lines & Spaces (X-1) in Zone A
0.25 mm [0.00984 in] Lines & Spaces (X-2) in Zone B
0.12 mm [0.00472 in] Lines & Spaces (X-3) in Zone C

7.50 mm
[0.2953 in]
TYP

B
C
G
D
E
F

3.75 mm
[0.1476 in] TYP

A

3.75 mm [0.1476 in] TYP
2.50 mm [0.09843 in] TYP
45˚ TYP

Terminal Area Dia.
Zone A 2.00 mm [0.07874 in] X-1
Zone B 1.75 mm [0.068900 in] X-2 (Typical)
Zone C 1.50 mm [0.05901 in] X-3

11.12 mm
[0.43780 in]

36.75 mm
[1.4469 in]
TYP

0.50 mm [0.1969 in] Clearance
(3 Sides)

0.50 mm [0.01969 in] Clearance Typical
(Lines to Plane)

4.63 mm
[0.1823 in]
TYP

0.50 mm [0.01969 in] Clearance Typical
(Lines to Plane)

0.50 mm [0.01969 in] Connections
2 PL Typical

Terminal Clearances
0.20 mm [0.0079 in] (Typical)

199.25 mm [7.84449 in] TYP
IPC-2221-12-20

Figure 12-20

Test Specimen X, mm [in]
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