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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

IPC Standards and Publications are designed to serve the public interest through eliminating misun-
derstandings 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 pre-
clude 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 themselves 
against all claims of liabilities for patent infringement.

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 

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 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 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 pub-
lications, 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.
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Standards Should Not:
• Inhibit innovation
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• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot 

be defended with data
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1

Mechanical Shock In-situ Electrical Metrology Test Guidelines  
for FCBGA SMT Component Solder Crack and Pad  

Crater/Trace Crack Detection 

1  SCOPE

This document establishes metrology guidelines to electrically and reliably detect solder joint opens on Flip-Chip Ball Grid Array 
(FCBGA) SMT board assemblies during the mechanical shock or drop event. In-situ metrology can monitor not only FCBGA 
assembly with daisy-chain components but can also monitor product components with power or ground planes or equivalent daisy-
chain test structures. In addition, the metrology is capable of providing ball-level resolution provided appropriate test structures 
are designed into the test package and board. The metrology was validated for thermal solutions with compression load. Although 
the initial focus of this metrology is specific to FCBGA assemblies in mechanical shock or drop testing, the same approach can 
eventually be extended to other stress tests (e.g. vibration, mechanical bend, and temperature cycle) and/or components (including 
other BGAs, sockets assemblies and TH/SMT leaded/leadless assemblies) depending on evolution and adoption of the guidelines 
(title and scope could be updated based on the outcome from future planned studies). This metrology may not be capable of 
detecting partial solder ball cracks, since resistance does not significantly change until the solder crack is close to 100%. Finally, 
the detection of pad cratering failures will be possible through use of this metrology, provided there is a complete trace crack.

1.1 Purpose  This document provides:
•	 Description of concept behind efficient in-situ electrical metrology to reliably detect FCBGA assembly solder joint opens 

during mechanical shock or drop test
•	 Guidelines for special daisy-chain test structure to standardize test board design for ball-level electrical monitoring of FCBGA 

joints
•	 Minimum requirements to establish the metrology in the lab for execution
•	 Definition for in-situ electrical open detection criteria 
•	 Guidelines for electrical and FA data analysis

1.2 Background  Some of the existing metrologies, including JESD22-B110, JESD22-B11, and IPC/JEDEC-9703, do not provide 
in-situ electrical monitoring of FCBGA solder joint opens during test. They either rely on electrical test before and after the test 
or use less efficient destructive physical analysis techniques which are either not reliable (see Appendix D for false fail rate based 
on hand probe e-test), cost-effective, or time consuming. The proposed shock metrology provides reliable electrical data with ball-
level resolution, thereby eliminating the need for further fault isolation. Finally, the metrology provides instantaneous response 
in display format, thereby reducing the testing throughput time with minimal to no physical destructive failure analysis needs [1]. 
Solder joint built-in self-test (SJ BIST) in-situ metrology usage was neither demonstrated on a large scale sample size, nor was 
it applied on non-field programmable gate array (non-FPGA) packages [2]. Traditional daisy chain resistance measurement is 
usually limited by a combination of speed and channel count. In addition, the metrology does not provide ball-level resolution or 
cannot monitor board assemblies with real product components. Current based event detectors are more prone to noise due to poor 
resolution and no results display (to confirm failures) compared to voltage metrology.

1.3 Performance Classification  At this point in time, the reliability requirements need to be established by agreement between 
customer and supplier and this document only provides guidelines on how to use in-situ test method.

1.4 Definition of Terms  The definition of all terms used herein shall be as specified in IPC-T-50 and as defined below.

1.4.1 FCBGA package:  (Flip-chip) ball grid array component (does not include connectors or sockets). 

1.4.2 SMT  Surface-mount technology.

1.4.3 Product Component  Any functional component used in electronic industry that has ground or power planes or equivalent 
test structures.

1.4.4 Voltage Metrology  Name of the new metrology described in this document that can detect electrical failures on product 
component.

1.4.5 Power Ball  Ball on the FCBGA component used for voltage power.
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1.4.6 Safe xyz…  low risk designation for solder joint failure (xyz is an area, location or a ball).

1.4.7 Ball-level Fault Isolation  Electrical detection of individual solder joint opens during the test.

1.4.8 Signal Ball  Ball in the high risk region used for monitoring voltage signal.

1.4.9 Daisy-chain  Series of solder balls connected together for electrical monitoring.

1.4.10 TH  Through-hole.

1.4.11 G  Acceleration magnitude in terms of gravity.

1.4.12 α-error  False failure that in reality is a true pass.

1.4.13 β-error  False pass that in reality is a true fail.

1.4.14 TV  Test vehicle.

1.4.15 Event detector  Class of electronic test instruments used to monitor interconnect resistance or continuity during 
environmental stress-testing; capable of detecting short duration events/failures according to precisely defined test specifications.

1.4.16 USL  Upper spec limit.

1.4.17 FPGA  Field programmable gate array.
1.5 Interpretation “Shall,” the imperative form of the verb, is used throughout this specification whenever a requirement is intended 
to express a provision that is mandatory. Deviation from a “shall” requirement may be con-sidered if sufficient data is supplied to 
justify the exception.
The words “should” and “may” are used whenever it is necessary to express non-mandatory provisions. “Will” is used to express 
a declaration of purpose. 
To assist the reader, the word “shall” is presented in bold characters.

2  APPLICABLE DOCUMENTS

The following documents are applicable and constitute a part of this guideline to the extent specified herein. Sub-sequent issues 
of, or amendments to, these documents will become a part of this guideline. Documents are grouped under categories as IPC, Joint 
Industry Standard, and others depending on the source.

2.1 IPC1

IPC-2152  Standard for Determining Current Carrying Capacity in Printed Board Design

2.2 JEDEC2

JESD22-B111  Board Level Drop Test Method of Components for Handheld Electronic Products

JESD22-B110  Mechanical Shock – Component and Subassembly

2.3 Joint Industry Standard1

IPC/JEDEC-9703  Mechanical Shock Test Guidelines for Solder Joint Reliability

3  SAMPLE SIZE

This is a guideline document that describes an innovative technique or metrology to be used in conjunction with existing testing 
standards for shock or drop test (see 2.2 and 2.3). The sample size is defined by the application of the test method. Use a sample 
size based on the testing standard that is followed within your company or defined by industry standards listed in 2.2 or 2.3.

1. www.ipc.org		   
2. www.jedec.org 
3. www.ipc.org
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4  APPARATUS AND SET UP

Before sharing the in-situ metrology in detail, the concept behind a voltage based technique is introduced in 4.1. Although a voltage 
based metrology is described in this document, other equivalent current based techniques, such as Event Detector, may be used as 
a substitute pending metrology validation.

4.1 Voltage Metrology Introduction  The concept of voltage metrology involves supplying power to one of the solder balls referred 
to as the “power ball” (V in in Figure 1) that lie on the same plane (or trace) on the FCBGA component. The plane could be a 
ground or power plane on the component as shown in Figure 4-1. The applied voltage then appears at the remaining balls on the 
same plane. If all the balls are intact, the voltage at all other balls is equal to the applied voltage and can be measured by a voltage 
measuring device. If a ball is broken, the measured voltage would drop to approximately zero volts.

V in CH2 CH3 CH4 CH5

Figure 4-1  Schematic Illustrating the Concept behind the Voltage Metrology

4.2 Voltage Metrology – Board Design Guidelines  One power ball per plane (or trace) is required and different isolated planes (or 
traces) shall require different power supply balls. The power ball should be chosen in a region which is expected to be free from 
defects or failures. For example, in a drop test conducted on a typical FCBGA component, the failure occurs at corners. Hence, the 
power ball should be chosen in an area away from corners to ensure that this ball remains intact during the test. Note that on some 
functional FCBGA products, this method can enable ball-level fault isolation during the test. 
The concept can also be extended to traditional daisy-chain test vehicles by supplying power at one end of a daisy chain test vehicle 
and measuring it at the other end. If there is a complete open in a chain, the voltage measured at the other end of the daisy chain 
would be zero. This metrology can be used on traditional long daisy chained packages. However, this approach can only detect the 
weakest link in the traditional chain and cannot be used for ball-level in-situ fault isolation. 
The ball-level fault isolation for a daisy chained test component can be enabled by using special test structures such as those shown 
in Figure 4-2. The routing on the component substrate consists of forming ball pairs with one of the balls in the expected high risk 
location, while the other ball is in the “safe” location on the package as shown in Figure 4-3. The low risk location ball is also called 
the “safe” ball. “Safe” balls can be determined through either modeling or historical data.

In-situ monitoring
output signal

Corner
ball Interior

safe ball

Power supply

Connector

Power planePrinted Board

Package Sub

Die

VVout

Figure 4-2  Schematic Illustrating Application of Voltage Metrology on Daisy Chain Test Vehicles
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