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Design for Test: Understanding the Dollars and Sense 
 

By Andrew Vo and Hom-Ming Chang 

Products are getting smaller and more complex. As a result, test access points often compete with 
components for real estate during the PCB layout process. PCB layout designers and design engineering 
teams who are siloed from manufacturing operations often assume that flying probe test or functional 
tests can compensate for that. Is that really the case? This whitepaper looks at cost tradeoffs of various 
test strategies and discusses the benefits and disadvantages of each. It also looks at the scalability 
equation in functional test and design considerations for higher volume test fixtures.   

Calculating the Cost of Test 

Calculating the total cost of a test strategy is a lot like trying to solve Rubik’s Cube: the initial path 
doesn’t always work out to the best solution. While the test costs for an ICT fixture vs flying probe and 
functional test strategy may make it seem an easy decision to cost out quickly, the costs associated with 
undetected component defects may not be identified until after production starts. Design-driven test 
coverage trade-offs also will impact the cost decision. If demand is greater than anticipated, the cost 
calculation may also be off. Consequently, it is important to look at a much broader range of 
considerations than simply non-recurring engineering (NRE) and tooling cost. 

To better illustrate the issues, let’s look at a rough order of magnitude cost example. In this example, a 
printed circuit board assembly (PCBA) with 250 nets runs approximately $7 per PCBA, while the same 
PCBA would cost approximately $1 per PCBA to test via ICT. The difference is a flying probe test takes 
minutes and the ICT test takes seconds. However, the fixture for an ICT with 100 percent test coverage 
will cost $19,000, while the non-recurring engineering (NRE) programming for the fixtureless flying 
probe test is only $1,000. If the project is a low volume 80 PCBAs per month, the analysis clearly favors 
flying probe for the typical consumer product lifecycle of less than 3 years. However, if the product is 
expected to have a 10-year lifecycle with minimal engineering changes, the ICT fixture would pay for 
itself in year four. Similarly, if the project volume were to grow to 500 per month, the ICT fixture would 
pay for itself in less than seven months given the $6 difference in test cost.  

That said, this still reflects only part of the cost analysis equation. The example above assumed the PCBA 
was designed with enough access points to provide 100 percent ICT test coverage. In that scenario, the 
focus is solely on NRE/tooling cost vs. test time cost. If instead the PCBA is designed so that the 
maximum test coverage is only 80 percent, a combination of flying probe and functional test may still 
reflect the most cost effective strategy. In this element of the analysis, the question is no longer focused 
on the cost of each test option. Instead, it becomes focused on the cost of not testing 20 percent of the 
components on the PCBA. On a medium-sized PCBA with 650 components, 80 percent coverage can 
translate to over 100 components not being tested. In a tightly controlled manufacturing process with 
solder paste inspection (SPI), automated optical inspection (AOI) and at least a sampling level of x-ray 
inspection, the primary source of unidentified defects is not likely to be manufacturing process 
workmanship-related. Those will be caught by in-process inspection. The bigger risk is component-
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related defects that fall into the 20 percent of the PCBA not adequately tested. Consequently, the cost 
analysis now centers on the cost of field-returned product. The measurable portion of the cost would be 
the cost to disassemble the PCBA from the final unit and replace it. The more difficult to measure cost is 
the impact of field failures on brand reputation.  

Consistently achieving Six Sigma defect rates requires diagnostic testing. When a PCBA does not have 
accessibility to provide good ICT coverage, a combination of flying probe, functional testing and burn-
in/accelerated life testing may be the solution. However, complex functional test can easily have a 
$100,000 development cost, far outstripping the cost of an ICT fixture. In addition to the actual cost, 
burn-in and accelerated life tests can add days to production cycle time, increasing work-in-process 
while decreasing schedule flexibility. When a PCBA is designed to provide good ICT coverage, the 
subsequent diagnostic test development is less complex. That typically translates to lower development 
costs and less time per unit in functional tests. It also eliminates the need for subsequent component 
mortality screening. Plus, while functional test can identify a failure, it often isn’t precise in terms of 
identifying the root cause of the failure which adds to technician debug time. With good coverage, an 
ICT is much more precise in identifying the defect location. All that said, smaller PCBA footprints do not 
always support accessibility. 

Understanding Design for Testability   

When product design incorporates design for testability (DFT) analysis focused on optimizing ICT 
coverage, the benefit is early defect detection and lower test cost. When total cost tradeoffs are 
considered, fixture NRE is recovered fairly quickly. The challenge is determining if the available PCBA 
real estate can provide the required level of accessibility. 

DFT considerations include: 

• Each single connection should be terminated either pull up or pull down, depending on the 
internal integrated circuits (ICs). When terminated correctly the circuit performs better and 
there is less electrical noise during in-circuit test (ICT). 

• Even with multiple connections on the circuits, PCB layouts have very poor test accessibility if 
the PCB layout designer does not provide vias which can be accessed. Unless the product 
incorporates RF or high speed technology, the PCB designer should bring all multiple 
connections to test vias that are accessible from the bottom side of the PCBA. 

• The design challenge in providing test vias is that vias under pads can cause solder wicking 
resulting in insufficient solder joints, making it imperative to have good spacing for test vias. 
Solder mask design must also account for accessibility of the test via, since solder mask is used 
to fill vias. Ideally, test vias should be exposed up to 22-25 mils for test access. 

Leverage Equipment Capabilities 

When design constraints do not allow for the accessibility needed for 100 percent test coverage, 
another strategy that can help reduce the need for a complex functional test is to exploit the capabilities 
of flying probe or ICT. Flying probe is primarily used as an electrical test for opens or shorts. However, it 
can measure component voltage which means it can also check for bad components.  
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In analog and digital components, and bipolar transistors, a flying probe tester can detect the device 
voltage and determine if the device has issues based on the voltage it detects. MOSFET devices can also 
be detected this way, however the voltage measurement is higher. With CMOS or a logic gate, the 
voltage of the interior transistors can be measured. BGA tests are different because they are digital 
devices.  In these cases, the capacitance value of the logic array is measured and compared to the 
standard. These tests can be conducted regardless of accessibility. If the layout is dense, the PCBA 
maybe probed down to 10-15 mils for this testing.  

From an ICT standpoint, built-in test technologies, such as JTAG and boundary scan can help address 
accessibility challenges, provided that strategy is incorporated in the product design. 

The Functional Test Equation 

In addition to determining the best mix of test options to balance design constraints with coverage 
requirements, it is also important to evaluate the scalability of functional test fixture design. This can be 
area where a design team that has been siloed from a manufacturing environment may design a tester 
that meets functional requirements, but will fail under the rigors of volume production. Faulty test 
fixtures can have false failures.  

Eliminate Excess Handling 

In a high volume test environment, test load and unload time can add significantly to cost of test. 
Inefficient handling can also increase the potential for defect opportunities. For that reason, in higher 
volume programs, clamshell hold down fixtures or bed of nails fixtures are preferred over connector-
based test, since plugging and unplugging can weaken the connector and exceed target test time.  

For example, in one case where the customer originally supplied a connector-based fixture, the test time 
was one minute and the handling time was six minutes. SigmaTron’s Suzhou test engineering team 
designed a clamshell hold down gate with a pogo pin to establish contact with the connector along with 
a probe plate that allowed the tester to be actuated from either top or bottom. They also modified the 
programming to make it more stable, as the test program was not measuring voltage at the right time. 
The end result was still a one-minute test, but handling time was reduced to 30 seconds. 

Standardize and Automate Where Practical 

Where possible standardized functional test platforms should be utilized. SigmaTron’s test engineering 
teams can design equipment that does everything from simple functional test to a program, test and 
pack station. Optimizing a standard test platform to perform the right mix of activities for customer 
requirements has three advantages. First, it minimizes defect opportunities that could occur in 
segregated programming or serialization by grouping them in a single test station. Second, it simplifies 
maintenance activities. Finally, it provides some level of redundancy should a tester require 
unscheduled maintenance.  

In most SigmaTron facilities data collection at each test station is integrated with the Company’s 
proprietary shop floor control system. Each product carries a bar code with a serial number to facilitate 
this tracking. This is particularly important to customers requiring genuine first pass yield data and in 
many cases is also used as part of an enforced routing strategy. 
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Minimize System-Generated Variation 

While most failures in test are driven by issues with the product; in high volume production, failures can 
also be driven by tester or software-driven issues. Testers that exhibit this type of system-generated 
variation increase the cost of test and increase the time require to troubleshoot the root cause of test 
failures. 

For example, in SigmaTron’s Suzhou, PRC facility, the test engineering team found that many customer-
developed testers had design issues or simply weren’t up to the rigors of volume production. The 
problem was that typically that good contact wasn’t being made with the unit or the test program 
wasn’t measuring the signal at the right points. This caused intermittent failures that could be hard to 
replicate. When there is a trend of units that fail a test, but pass the second time, that is often a clue 
there is an issue with the tester, rather than the unit under test. In those cases, fixtures or jigs are 
fabricated to improve the contact and see if that changes the trend. If it doesn’t the issue is normally 
software-related. 

In another case, in a project where functional test was performed at the end of the line and the 
customer was performing system test at their factory, units that passed functional test were failing 
system test. SigmaTron’s test engineering team worked with the customer’s team to understand the 
detail of the failure enough to replicate the failure. The end result in this case, was that the signal in the 
system test wasn’t stable and required design modifications. This was due to the fact that most test 
programs take a signal reading a couple of times during the test and average out the results. If the signal 
isn’t measured at the right time it causes a failure. Reprogramming the tester to optimize the timing of 
signal measurement eliminated the problem.  

Developing a cost effective strategy is best done as a collaborative process among the design 
engineering team and the manufacturer’s test engineering team. Focusing on the likely total cost of 
each strategy considered will help determine the best mix of tradeoffs. When superior test coverage can 
be achieved, ICT will likely reflect the least costly option. When low volumes or test coverage constraints 
make ICT less feasible, significant coverage may still be achievable through a combination of other test 
methods. When higher volumes are involved, test fixture design should consider the physical stresses 
created by rapid opening and closing of the test fixtures. 

 

Andrew Vo is the Director of Manufacturing & Test Engineering SigmaTron International’s Union City, CA 
facility. He can be reached at andrew.vo@sigmatronintl.com. Hom-Ming Chang is SigmaTron 
International’s Vice President China Operations. He can be reached at homming.chang 
@sigmatronintl.com. For more information on SigmaTron International’s capabilities, visit 
www.sigmatronintl.com or call 510-477-5000. 
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