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The Quality Equation: Four Areas Your Contract 
Manufacturer Should Support 

 
By Curtis Campbell 

While outsourcing manufacturing helps original equipment manufacturers (OEMs) allocate more 
internal resources to core competencies in product development and marketing, it also outsources 
much of the responsibility for quality to a contract manufacturer. In effect, the contract manufacturer is 
not only an extension of an OEM’s manufacturing capability; it also becomes an extension of its 
reputation. 

Most contract manufacturers take that responsibility very seriously and develop systems and processes 
designed to ensure all products produced meet their customers’ quality requirements. At SigmaTron 
International, this focus involves both eliminating defect opportunities before they occur as well 
detecting and eliminating defects that do occur. This whitepaper looks at four of the areas the team at 
SigmaTron feels are integral to achieving that goal:  

• Design for manufacturability 

• Integration of Lean manufacturing philosophies 

• A focus on Continuous Improvement 

• A robust test and inspection strategy. 

Strong Focus on Design for Manufacturability 

The best way to ensure superior quality is to ensure that as many defect opportunities as possible are 
eliminated in the design phase. This is best done through collaboration among the design team and the 
manufacturing team, since recommendations can be incorporated into the product design in early 
iterations.  

In SigmaTron International’s business model, DFM/DFT analysis is typically offered as part of its New 
Product Introduction (NPI) process. More extensive product development engineering support is also 
available. The goal is to use a flexible set of resources to fill any gaps the customer has in its product 
development support team. This enables customers to work within a cost structure that makes sense for 
their project rather than be forced to utilize resources their project does not require. 

DFM analysis is performed using a combination of Valor and proprietary software tools. The 
documentation review process also uses a Valor parts library (VPL) to verify the footprint of all 
components specified in the BOM against the land patterns used in the layout. This helps eliminate both 
the opportunity for defects caused by manufacturability issues plus eliminates the non-value added time 
that can be spent reprogramming machines or re-spinning the printed circuit board layout if component 
packaging specified in BOM doesn’t match the land patterns used in the layout.  

SigmaTron can also perform product lifecycle analysis (PLM) as part of its NPI process. Additionally, it 
has an experienced materials team that works closely with suppliers to identify potential availability and 
obsolescence issues as early as possible and recommend the most appropriate solution. The Company 
can also provide product redesign recommendations. This type of proactive approach facilitates a 
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thorough evaluation of best options and minimizes the possibility of unanticipated component 
availability issues. 

Integration of Lean Manufacturing Philosophies 

Building a Lean manufacturing culture helps eliminate wasteful behaviors that contribute to defects. The 
net effect of minimizing variation in processing, excess work-in-process and unnecessary handling and 
transport not only improves efficiency and throughput, it also helps eliminate the defects that occur 
concurrent with those unnecessary activities. When with systems designed to align with Lean 
philosophies, both responsiveness and defect mitigation checks and balances are enhanced. 

In executing its Lean philosophy, SigmaTron uses a combination of proprietary and internally-developed 
systems for enterprise and shop floor management. All facilities utilize a common ERP system plus third-
party Product Lifecycle Management (PLM) tools. An internally-developed manufacturing execution 
system (MES) supports both traceability and enforced routing, which helps ensure a product goes 
through all steps defined in its documented manufacturing process. The system has the capability to 
address both issues with a single bar code scan, enhancing efficiency.  

The combination of an industry-standard ERP software with an internally-developed iScore suite of 
supply chain management tools, enable SigmaTron’s team to track demand, material on order, 
inventory, work-in-process, finished goods and shipments.  

Customers are given visibility into inventory status via the Score™ customer portal. Score’s advantages 
include: 

• The ability to track product through the manufacturing process with order, 
manufacturing and shipping status available 24/7 

• Real-time data that lets customers see changes as they happen 
• An order notes feature that lets project team members at both contractor and 

customer share project data 
• Direct email links to the Program Manager 
• All the details of shipped orders with a single click. 

This level of visibility supports better forecasts, leaner inventory pipelines, easy tracking of production 
quality trends and demand-driven production. 

A Focus on Continuous Improvement 

Contract manufacturing is by its nature, controlled chaos. Multiple customers with varying requirements 
leverage shared resources of production and as a result, get the benefits of a contract manufacturer’s 
economies of scale. However, even when project launch activities are executed flawlessly, there is often 
room for improvement over time. Additionally, as projects evolve the volume or processing assumptions 
initially made may change, necessitating a need for improvement in process flow or equipment utilized. 
In heavily regulated projects, these changes cannot be made without customer approval and new 
process validation, and many customers in lesser regulated industries also expect to approve any 
changes. Consequently, it important that any continuous improvement efforts be formally structured 
and well documented to enable a team’s recommendations to easily evaluated by customers, prior to 
any change being made. 
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All of SigmaTron’s facilities focus on stringent process control. In facilities building mission critical and/or 
highly regulated products specialized tools may be utilized. For example, in SigmaTron’s Tijuana facility, 
Advanced Product Quality Planning (APQP) Failure Mode and Effects Analysis (FMEA) is utilized to set up 
the most efficient, defect-free process. The Product Part Approval Process (PPAP) is utilized on 
automotive projects to validate the process and customer-specific validation processes are used for 
projects in other industries. Once production is ongoing, statistical process control (SPC) and other 
forms of quality data collection and monitoring are utilized to monitor processes and track defects. 

Even with world class defect prevention methodologies, defects can and do occur for a variety of 
reasons. Consequently, it is important to have a process in place to identify and implement rapid 
corrective action. In SigmaTron’s model, a kaizen event is scheduled and tools such as 8D problem 
solving, Six Sigma’s Define-Measure-Analyze-Improve-Control (DMAIC) and poka yoke are utilized to 
analyze and correct the root cause. 

One benefit of the poka yoke process is its focus on simple rapid solutions. Poka yoke is Japanese for 
mistake proofing and it was introduced by Shigeo Shingo as part of the Toyota Production System (TPS). 
When applied, the resulting process improvement eliminates a specific defect. Its focus on simplicity is 
its strength, in that simple fixes are often the best solution for small variances in the manufacturing 
process. Simple fixes are also easy to rapidly implement and encourage production operator 
involvement in the pursuit of product perfection. 

For example, when an automotive product printed circuit board assembly (PCBA) which included a flex 
cable was experiencing intermittent failures following in-circuit test (ICT), SigmaTron’s Tijuana team 
scheduled a kaizen event to analyze the test process and determine the root cause of this potential 
failure mode. The team determined that in some cases, the flex cable could catch in gaps in the test 
fixture bed as it was being removed creating an undetected defect. The poka yoke solution was fixture 
redesign that placed ESD-safe plastic over the openings in the fixture bed that created the issue.  

As a result, the defect opportunity was eliminated with no changes to the product design and minimal 
fixture modification cost. 

Project growth can also drive a need for re-evaluating processes and Six Sigma core tools can help 
identify issues and solutions. One recent Six Sigma Green Belt project in the Tijuana facility focused 
improving production throughput for a customer whose project volumes were growing rapidly. The goal 
was to better balance the lines while improving revenue generated per employee. The entire production 
process was mapped to determine areas of processing inefficiency. It was determined that production 
flow through the factory had become inefficient and that the hot bar process represented a bottleneck, 
in part due to machine-related inefficiencies in temperature measurement. The process flow was 
redesigned to minimize the transport distance among work areas and to improve the layout efficiency of 
process lines and workstations. A faster thermometer was added to the hot bar stations to enable 
operators to monitor and maintain optimum temperature more efficiently. 

A Robust Test and Inspection Strategy 

Even with a focus on preventing defect opportunities, defects can happen. Inspection can be costly, but 
a smart inspection strategy can pay for itself. For example, one of the reasons that 3D solder paste 
inspection (SPI) has gained in popularity is that companies have come to understand that the quality of 
solder paste disposition has a huge impact on whether there are workmanship-related defects later in 
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the process. Screen for variations at that point and a large percentage of potential defects are 
eliminated before components are attached to the printed circuit board assembly (PCBA). Similarly, in-
process inspection by automated optical inspection (AOI) and x-ray help screen out workmanship 
defects before the product gets to test. In fact, the argument that a production line with tight process 
control and a series of inline inspections won’t generate workmanship-related defects is fairly valid and 
is often used to justify little or no additional testing between the electronics contract manufacturer and 
the customer in outsourcing scenarios.  

The fallacy with that argument is that it presumes that PCBAs are populated with 100 percent known 
good components. The reality is that while component quality has improved immeasurably since the 
days when contract manufacturers had to do 100 percent component screening in incoming inspection, 
the rigors of shipment and high temperature processing do create bad components. Legacy products 
have even higher risks in this area, since they often use aging component inventories. Just as SPI helps 
reduce board-level rework and scrap early in the assembly process; board-level test helps eliminate 
higher level assembly rework prior to that assembly process. Additionally, when the cost of shipping and 
handling a defective PCBA is considered, a robust test strategy also can quickly pay for itself. 

SigmaTron’s team works with its customers to determine the best options for cost effective test. Their 
core strategy focuses on four main points: 

• Keep it simple 

• Eliminate excess handling 

• Standardize and automate where practical 

• Minimize system-generated variation. 

Assuming a PCBA can be designed with 100 percent coverage, in-circuit testing (ICT) will provide the 
best throughput. When product design engineers collaborate with test engineers to design in the 
needed accessibility and built-in test capability, ICT can be exploited to reduce the complexity or even 
the need for functional testing and/or added component accelerated lifecycle testing. 

In cases where ICT test coverage is below 80 percent, different strategies need to be evaluated. On a 
medium-sized PCBA with 650 components, 80 percent coverage can translate to over 100 components 
not being tested. While functional testing alone will detect some issues, it may not detect a component 
near failure and often isn’t precise in identifying root cause. A combination of flying probe, functional 
testing and burn-in/accelerated life testing may be the solution, particularly when flying probe’s ability 
to measure component voltage is utilized. 

When the pursuit of quality becomes a partnership between a contract manufacturer and its customers, 
superior results are achieved. This partnership process should be started as early in product 
development as possible and continue through the life of the project. Selecting a contract manufacturer 
capable of discussing examples of ways they partner with their customers to achieve superior quality 
throughout each project’s lifecycle, helps ensure that customers understand best practices and can 
make informed choices which achieve their quality objectives. 
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Curtis Campbell is SigmaTron International’s Vice President of Sales West Coast. He can be reached at 
curtis.campbell@sigmatronintl.com.  For more information on SigmaTron International’s capabilities, 
visit www.sigmatronintl.com or call 510-477-5000. 
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