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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 2013. IPC, Bannockburn, Illinois, USA. 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.



IPC-9641

High Temperature Printed

Board Flatness Guideline

Developed by the Printed Board Coplanarity Subcommittee (6-11) of the
Product Reliability Committee (6-10) of IPC

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

Contact:

IPC
3000 Lakeside Drive, Suite 309S
Bannockburn, Illinois
60015-1249
Tel 847 615.7100
Fax 847 615.7105

®



This Page Intentionally Left Blank



Acknowledgment
Any document involving a complex technology draws material from a vast number of sources. While the principal members
of the Printed Board Coplanarity Subcommittee (6-11) of the Product Reliability Committee (6-10) 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 members of IPC
extend their gratitude.

Product Reliability
Committee

Printed Board Coplanarity
Subcommittee

Technical Liaisons of the
IPC Board of Directors

Chair
Reza Ghaffarian, Ph.D.
Jet Propulsion Laboratory

Vice Chair
James J. Monarchio
TTM Technologies, Inc.

Chair
John J. Davignon
Davignon Consultancy, LLC

Bob Neves
Microtek Laboratories

Printed Board Coplanarity Subcommittee

Mudasir Ahmad, Cisco Systems Inc.

Christine Blair, STMicroelectronics
Inc.

Paul Brown, Alcatel-Lucent Canada,
Inc.

Beverley Christian, BlackBerry

C. Don Dupriest, Lockheed Martin
Missiles & Fire Control

Steven R. Ethridge, Dell Inc.

Lei Feng, Huawei Technologies Co.,
Ltd.

Hardeep S. Heer, FTG Circuits

Kayleen Helms, Intel Corporation

Richard Iodice, Raytheon Company

Phil Isaacs, IBM Corporation

Rahul Joshi, Hewlett-Packard
Company

Clifford R. Maddox, Boeing
Company

Chris Mahanna, Robisan Laboratory
Inc.

David Mendez, Flextronics

Timothy Purdie, Akrometrix LLC

Jose A. Rios, Endicott Interconnect
Technologies Inc

Thilo A. Sack, Celestica

David Senk, Cisco Systems Inc.

Joseph Thomas, ZN Technologies

Bill R. Vuono, Raytheon Company

Kurt Whitcomb, Amphenol Printed
Circuits, Inc.

Gil White, Viasystems North
America, Inc.

June 2013 IPC-9641

iii



This Page Intentionally Left Blank

IPC-9641 June 2013

iv



Table of Contents

1 PURPOSE .................................................................... 1

1.1 Introduction .......................................................... 1

1.2 Scope .................................................................... 1

1.3 Terms and Definitions ......................................... 1

1.3.1 Clamped (Support Condition) ............................. 1

1.3.2 Concave ................................................................ 1

1.3.3 Confocal Method ................................................. 1

1.3.4 Convex ................................................................. 1

1.3.5 Dynamic Warpage ................................................ 1

1.3.6 Full-Field Methods .............................................. 1

1.3.7 Geometric Moiré .................................................. 2

1.3.8 Pallet ..................................................................... 2

1.3.9 Peak Reflow Temperature .................................... 2

1.3.10 Point-Based Methods ........................................... 2

1.3.11 Projection Moiré/Fringe Projection Method ....... 2

1.3.12 Simply Supported on a Pallet
(Support Condition) ............................................. 2

1.3.13 Simply Supported on Rails
(Support Condition) ............................................. 2

1.3.14 Shadow Moiré Method ........................................ 2

1.3.15 Support Conditions .............................................. 2

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

2.1 IPC ....................................................................... 2

2.2 JEDEC .................................................................. 2

2.3 Joint Industry Standards ...................................... 3

3 MEASUREMENT INSTRUMENT REQUIREMENTS .. 3

3.1 Geometric Moiré (Shadow Moiré and
Projection Moiré/Fringe Projection) ................... 3

3.2 Confocal and Optical Coordinate
Measurement ........................................................ 4

3.2.1 Confocal Systems ................................................ 4

3.2.2 Optical Coordinate Measuring Machines
(OCMM) .............................................................. 5

3.3 Digital Image Correlation .................................... 5

4 PARAMETERS OF INTEREST ................................... 6

4.1 Types .................................................................... 6

4.2 Printed Board Support Conditions
During Reflow ..................................................... 7

5 RECOMMENDED TEST METHODOLOGY .............. 10

5.1 Preconditioning/Preparation of Samples ........... 10

5.2 Number of Samples ........................................... 10

5.3 Thermocouple Placement .................................. 10

5.4 Specific Temperatures for Data Acquisition
and Ramp Rate .................................................. 10

5.5 Additional Recommendations for Minimum
Methodology Capabilities .................................. 12

5.6 Data Reporting ................................................... 13

6 METROLOGY ACCURACY FOR PRINTED
BOARD FLATNESS .................................................. 13

7 REFERENCES ........................................................... 14

APPENDIX A Example Flatness Data Report
on one Local Area (FCBGA1 land)
of one Printed Board through a
Simulated Reflow Temperature
Profile for Pallet vs. no Pallet
Evaluation ............................................. 15

Figures

Figure 1-1 Printed Board Shape Convention with
Example BGA Package .................................... 1

Figure 3-1 Initial vs. Deformed Package-Printed Board
Configuration .................................................... 3

Figure 3-2 Geometric Moiré Configuration ........................ 4

Figure 3-3 Demonstration of Fringe Order on a Curved
Lens Imaged using Shadow Moiré ................... 4

Figure 3-4 Illustration of the Confocal Imaging
Principle [6] ....................................................... 5

Figure 3-5 Example of a Laser Confocal Displacement
Meter Approach Using a Glass Datum Plane .. 6

Figure 3-6 Schematic of the OCMM Principle ................... 6

Figure 4-1 Example of Top View Depiction of Clamped
Pallet with Standoffs where Dark Areas
Indicate Pallet Material and ‘‘Open’’
Spaces are Indicated by White Areas .............. 7

Figure 4-2 Example of Top View Depiction of a Simply-
Supported Pallet with Standoffs where Dark
Areas Indicate Pallet Material and ‘‘Open’’
Spaces are Indicated by White Areas .............. 7

Figure 4-3 Simplified Mechanical Model for Clamped
and Simply-Supported Conditions .................... 8

Figure 4-4 Example of Side-View Depiction of the
Difference in Flatness for Clamped vs.
Simply-Supported Conditions without
Standoffs ........................................................... 8

Figure 4-5 Simplified Mechanical Model for
Simply-Supported Conditions with
a) one Standoff and b) without a Standoff ....... 9

Figure 4-6 Example of Side-View Depiction of the
Difference in Flatness for Simply-Supported
Conditions with and without a Standoff ............ 9

June 2013 IPC-9641

v



Figure 5-1 Example of Simulated Lead-Free Reflow
Temperature Profile for Measuring Flatness .. 11

Figure 5-2 IPC-7095 Relevant Characteristics of
a) eutectic and b) lead-free solder reflow
profiles ............................................................ 11

Figure 5-3 Board Schematic in (x, y, z) Directions .......... 13

Figure 6-1 Lens Geometry ............................................... 14

Figure A2-1 Peak-to-Valley Flatness vs. Temperature of
FCBGA1 Land Area ........................................ 15

Figure A3-1 Flatness Shape Contours, No Pallet .............. 16

Figure A3-2 Flatness Shape Contours, with Pallet ............ 16

Tables

Table 3-1 Summary of Methods for Measuring Printed
Board Flatness ................................................. 3

IPC-9641 June 2013

vi



High Temperature Printed Board Flatness Guideline

1 PURPOSE

1.1 Introduction During the surface mount assembly process of an electronic package to a printed board through a reflow
temperature profile, the flatness behavior of both the package and printed board are critical for the integrity of solder joint
formation and reliability. While the deviation of the package from planarity during this process is critical, controlling the
printed board flatness is equally important for preventing subsequent assembly-related issues, including open or bridging
joints, which ultimately cause product failure. Board flatness is largely driven by a change in intrinsic properties through
exposure to changes in temperature, with the final flatness state becoming a function of the entire temperature history or
reflow profile and support boundary conditions. It is also driven by copper symmetry stack-up and metal pattern balancing.
The worst-case deviation of the printed board from flatness may be at room temperature, peak temperature during reflow,
or at any temperature in between. Therefore, printed board flatness must be characterized during the entire reflow thermal
cycle, and not solely at room temperature at the beginning and end of the process. This document aims to provide guidance
on methods and procedures for critically evaluating printed board flatness during a simulated temperature reflow cycle.

1.2 Scope The purpose of this test method is to measure the shape and relative change in shape of a local area of inter-
est (e.g., flip-chip ball grid array (FCBGA) land area) of printed boards through a range of temperatures typical during sur-
face mount and through-hole builds of integrated circuit packages to printed boards. The use of shape measurements and
relative changes in shape will depend on the specific application and interest of the user performing the measurement. This
guideline differs from and does not supersede IPC-TM-650, Method 2.4.22, which is used for inspection of bow and/or twist
of bare printed boards at room temperature.

1.3 Terms and Definitions The definition of all terms used herein shall be in accordance with IPC-T-50 and as defined
in 1.3.1 through 1.3.15.

1.3.1 Clamped (Support Condition) Surface-mount technology (SMT) build condition where the printed board is fixed in
a carrier, or pallet, which may or may not have standoff supports underneath the middle area of the printed board in addi-
tion to spring clamps that slide over the top edges of the primary surface of the printed board. The printed board is not free
to rotate at the edges, and the clamps help mitigate the board warpage in either direction during a reflow cycle (see Figure
4-3 item a).

1.3.2 Concave Shape description for flatness where the
center of the printed board lies lower than the corners of the
printed board with respect to the local surface area of interest
(e.g., FCBGA land on primary or secondary side) as shown in
Figure 1-1. This aligns with JEDEC JESD22-B112.

1.3.3 Confocal Method Approach of forming an image by
scanning one or more focused beams of light across a surface
and using spatial filtering techniques to eliminate out-of-focus
light or glare, keeping only the points that exactly coincide
with the surface being measured.

1.3.4 Convex Shape description for flatness where the cor-
ners of the printed board lie lower than the center of the
printed board with respect to the local surface area of interest
(e.g., FCBGA land on primary or secondary side) as shown in
Figure 1-1. This aligns with JEDEC JESD22-B112.

1.3.5 Dynamic Warpage The full-field difference in flatness of a component (package, printed board, etc.) between initial
ambient and reflow temperature, obtained by subtracting full-field initial ambient flatness from reflow-temperature flatness.

1.3.6 Full-Field Methods A general class of non-contact optical metrologies which measure topography and shape change
over an entire (x,y) region or field of view during a single acquisition, rather than at a single point per acquisition.
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Figure 1-1 Printed Board Shape Convention with
Example BGA Package
(Note: BGA package shape could be convex, flat, or concave
regardless of printed board shape)
1. Convex
2. Concave
3. Printed Board Shape
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