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The Principles of
Standardization

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:
• 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

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

Notice IPC Standards and Publications are designed to serve the public interest through eliminating mis-
understandings between manufacturers and purchasers, facilitating interchangeability and improve-
ment 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 adop-
tion 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 them-
selves 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 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 publication 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 latest revision. Adopted October 6, 1998

Why is there
a charge for
this document?

Your purchase of this document contributes to the ongoing development of new and updated industry
standards and publications. 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
and publications 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 par-
ticipates 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 847/597-2872.

Thank you for your continued support.

©Copyright 2007. IPC, Bannockburn, 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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Developed by the Drilling and Routing Subcommittee (4-12)
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Users of this publication are encouraged to participate in the
development of future revisions.

Contact:

IPC
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Drilling Guidelines for Printed Boards

1 SCOPE

This document is intended to provide guidelines for gener-
ating good quality holes in printed circuit boards (PCBs)
made from a wide variety of materials.

2 APPLICABLE DOCUMENTS

2.1 IPC1

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

IPC-DR-570 General Specification for 1/8 Inch Diameter
Shank Carbide Drills for Printed Boards

IPC-PE-740 Troubleshooting for Printed Board Manufac-
ture and Assembly

IPC-6012 Qualification and Performance Specification for
Rigid Printed Boards

IPC-6013 Qualification and Performance Specification for
Flexible Printed Boards

IPC-TM-650 Test Methods Manual2

2.1.1 Microsectioning

2.4.24 Glass Transition Temperature and Z-Axis Thermal
Expansion by TMA

2.4.25 Glass Transition Temperature and Cure Factor by
DSC

3 TERMS AND DEFINITIONS

The definition of terms shall be in accordance with IPC-
T-50 and the following:

3.1 Aspect Ratio for Stack Drilling

Aspect Ratio = Stack Height
Drill Bit Diameter

3.2 Backup Material A sheet of material placed on the
exit side of a stack to terminate the drilling stroke and to
prevent the formation of exit burr.

3.3 Bird Nesting A condition that occurs when drilling
debris wraps and remains around a drill bit.

3.4 Burr A defect characterized by a ridge left on the
copper of a drilled interface. It may occur at the entry or
exit surfaces of a drilled hole. It may be localized or gen-
eralized over the entire drilled surface.

3.5 Chip Load The depth or distance through a stack that
a drill bit travels for each revolution it turns. Chip load is
typically measured in mils or inches per revolution (IPR),
or micrometer per revolution (µm/rev).

Chip Load (IPR) = Feed Rate (IPM)
Spindle Speed (RPM)

Chip Load (µm/rev) = Feed Rate (m/min) x 106

Spindle Speed (RPM)

3.6 Connector Array A series of holes related to one
connector.

3.7 Cutting Speed The distance a point on the circum-
ference of the drill bit travels over a period of time. Typi-
cally, it is expressed as ‘‘V’’ and measured in surface feet
per minute (SFPM or SFM) or meters per min (m/min).

Cutting Speed (SFM) =

Spindle Speed (RPM) x π x Diameter (in)
12

Cutting Speed (m/min) =

Spindle Speed (RPM) x π x Diameter (mm)
1000

3.8 Debris Usually called drilling debris. Chips and resi-
due left from the drilling operation.

3.9 Debris Packing Debris deposited tightly in holes,
cavities, and tool flutes.

3.10 Drill Bit Wander The deviation of an exit location
from the entry location.

3.11 Drill Construction The composition/construction of
a drill bit commonly used for drilling printed circuit
boards. The types of composition/construction are
described as one of the following: Solid Carbide, Compos-
ite, Carbide flute with steel shank, Carbide-to-Carbide,
Staked construction or Brazed construction.

3.12 Drilled Hole Size (DHS) The diameter of a hole
prior to plating.

3.13 Dwell Time The period of time between a down-
ward and upward motion of a drilling stroke, or the delay
prior to a downward stroke allowing the table to stabilize
after positioning.

1. www.ipc.org
2. Current and revised IPC Test Methods are available on the IPC Web site (www.ipc.org/html/testmethods.htm)
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3.14 Entry Material A sheet of material placed on the
entry side of a stack to improve drilling accuracy. Entry
materials reduce entry burrs and prevent damage to the top
copper surface from the pressure foot insert. Some types of
entry material serve to lubricate the drill bit as it passes
through, thus reducing drilling temperature and improving
hole wall quality.

3.15 Feed Rate The speed of a drill bit toward and
through the work piece; measured in meters per minute
(m/minutes) or inches per minute (IPM).

3.16 Finished Hole Size (FHS) The diameter of a hole
after plating.

3.17 Good Hole A hole that has uniform and smooth
sidewall, with no defects outside the tolerances defined by
applicable specifications such as: smear, burrs, nail head-
ing, debris, glass fibers, foreign material inclusion, etc. A
good hole is drilled accurately with size and location
within the specified tolerances, and a wall perpendicular to
the surface of PCB.

3.18 Misregistration Imperfect registration that may be
caused or observed by: a) Drilling to an image and not
coordinates, b) Measured actual-to-desired location differ-
ence, c) Image rotation, d) Image shrinkage or e) Localized
image distortion.

3.19 Oil Canning Lifting of the entry material from the
top surface of the material being drilled. In small drill
applications, this can cause drill breakage.

3.20 Plowing A defect characterized by furrows or
grooves in a hole wall surface.

3.21 Pressure Foot The part of a drill machine sur-
rounding the spindle that holds the work surface down as
the drill enters and drills the panels.

3.22 Pressure Foot Lead The distance between the tip
of a drill bit and the bottom of the pressure foot insert.

3.23 Pressure Foot Pressure The air pressure applied to
the pressure foot air cylinders.

3.24 Pressure Foot Vacuum Paths The slots or airways
found on a pressure foot insert enabling air flow through
the pressure foot chamber.

3.25 Retract Rate (RTR) The withdrawal speed of a drill
bit out of a stack, measured in inches per minute (IPM) or
meters per minute (m/min).

3.26 Rifling A defect characterized as a spiral groove or
ridge in a hole wall surface.

3.27 Roughness A defect characterized by an irregular,
coarse or uneven hole wall surface.

3.28 Spindle Run-Out The measurement of eccentricity
of a spindle/collet assembly. This can be measured stati-
cally or dynamically. Spindle run-out is typically expressed
as total indicator reading (TIR) measured in inches (in) or
micrometers (µm).

3.29 Spindle Speed The rotation rate of a spindle. Typi-
cally, it is measured in revolutions per minute (RPM).

3.30 Spindle Sweep The measurement of the perpen-
dicularity of a spindle to the machine table. Typically, it is
measured in inches (in) or micrometers (µm).

3.31 Straight Drill Standard drill bit designed for stan-
dard drilling applications.

3.32 Undercut Drill Special drill bit designed for higher
hole wall quality requirements.

3.33 Z-Axis Offset An adjustment to the length of a drill
stroke which accounts for the distance between the tip of
the drill and the cutting corner. This value changes by
diameter and with different point angles.

4 DRILL BITS

4.1 Key Drill Bit Geometries The following four illustra-
tions that provide additional information about drill bit
descriptors (see Figures 4-1 through 4-5).

4.2 Drill Bit Shank Diameter The variation of drill bit
shank diameter in the collet may cause slippage. A recom-
mended specification for shank diameter is 3.175 mm - 0
µm /+7 µm [0.1250 - 0.000 /+0.00030 in].

IPC-572a-4-1

Figure 4-1 Typical Drill Bit Nomenclature

Overall Length

Chamfer

Shank

Shoulder
Step

Diameter

Helix Angle

Body

Flute

Relief

Shank
Diameter
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