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Design for Manufacturability: Avoiding Costly Mistakes  

By Jerry Johnson 

Most whitepapers focused on design for manufacturability (DFM) look exclusively at specific issues 
related to printed circuit board (PCB) layout. However, many decisions made in product design above 
and beyond PCB layout, from schedule milestones to material selection can impact cost to manufacture 
and defect opportunities. In this whitepaper, SigmaTron’s Design Engineering team looks at the topic of 
DFM from a different angle, analyzing the unintended cost consequences of some common design 
practices. 

Choosing Components Without Considering Impact on Assembly Cost 

When redesigning for cost reduction, it is possible to lower bill of material (BOM) cost by switching to 

less costly components while also increasing the overall part count to achieve the same level of 

performance. The unintended consequence is that increasing component count increases assembly cost 

and defect opportunities. Every solder joint represents a defect opportunity. A printed circuit board 

assembly (PCBA) that needs to be flipped to place parts on both sides is more costly than populating a 

single side of the PCBA and may also drive added tooling cost if it is mixed technology. PCBAs with 

components requiring manual placement are more costly those where all placement can be automated. 

Selecting components with smaller than necessary geometries for the available real estate, also 

increases defect opportunities because these parts are typically more fragile and complex to assemble. 

Does this mean these choices should never be made? No. However, a focus on keeping designs as 

simple to manufacture as possible within the product’s fit, form and function criteria typically will result 

in a lower total cost, superior quality product. In short, in making choices that lower BOM cost, the 

procurement and engineering teams should be asking two questions: “What impact does this have on 

assembly cost?” and “Does this add unnecessary complexity to the assembly process?”  

Keeping lines of communication open among procurement personnel, design engineers and 

manufacturing engineers, helps ensure these unintended consequences do not occur. 

The High Density “Fits All” Layout 

Design cycle times are shrinking and one way to speed development of a new platform is to develop a 

high level architecture that encompasses all features for multiple variants. Then each variant is 

populated with the components needed for that product. The unintended consequence is that this “one 

size fits all” approach often breaks common DFM layout rules and adds complexity to the manufacturing 

process. Common issues include a need for double-sided SMT placement, when a variant would actually 

be served better with a single-sided SMT placement, a need for specialized wave pallets on PCBAs with 

through-hole parts requiring wave solder to protect SMT parts on the bottom side of the board, and an 

increase in defects related to ignoring design rules on placement distances between SMT and leaded 

components. 
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The better choice is to transition the all-inclusive development layout to application-specific layouts to 

simplify assembly and test. This can both lower assembly and tooling cost, while eliminating defect 

opportunities.  

Tolerance Stackup Surprises 

When products are designed by multiple teams, and one or more of those teams push mechanical 

tolerances, the mechanical part stackup may not fit the packaging. Another error of this nature can 

occur when connectors and cables are left to the end of the design phase. For example, one particular 

design had a cavity designed to fit a substrate mated with SMT headers. A late change to the design for 

leaded headers left inadequate space beneath the PCBA to accommodate the solder fillet and device 

lead. With less than 1 mm space available, the design team needed to adopt special header components 

and work with the manufacturing team to optimize the solder process due to a very shallow cavity. 

Ultimately, this will result in field failures due to solder fillet fractures. Adequate space for leaded parts 

terminating the cable wasn’t factored into initial design dimension considerations. 

Performing DFM analysis on a 3D model of the final product in packaging early enough to easily make 

adjustments can eliminate the surprises that can otherwise occur in multi-team concurrent design 

efforts.  

Failure to Schedule Time for Addressing First Article Feedback 

A key purpose of doing first article builds is to prove out design assumptions and validate that specified 

assembly processes run as planned. Normally, there are lessons learned in that assembly process that 

further improve manufacturability and overall processing efficiency. Incorporating those 

recommendations into the design normally takes less than a week if done immediately following the 

first article build. However, some project schedules send first articles off to agency approvals and other 

validations without leaving time for a quick re-spin of the design. When that is done, incorporating 

recommended changes can take many months to be re-approved through those processes. It is much 

more efficient to plan for one quick optimization of the design following the first article build. 

Ignoring Advice from Your Contract Manufacturer 

As experts in manufacturing, contract manufacturers routinely provide manufacturability and testability 

advice designed to eliminate the issues that create defect opportunities or added processing cost. PCB 

layouts done by personnel not familiar with the manufacturing processes for a specific facility often 

have issues. For example, when one of SigmaTron’s facilities reviewed its recent DFM analyses, they 

found that: 
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• 90 percent of projects had issues with component packages not matched with recommended 

land patterns. When this issue isn’t discovered early, it can result in project delays particularly if 

long lead-time parts are involved.  Attempting to work around this issue can cause defects and 

other issues such as: 

o Open circuits if the pins fall outside the land pattern 

o Tombstoning if the chip’s package is smaller than its land pattern 

o Insertion problems if PTH pin diameter is larger than the holes 

o Inability to use a component when the wrong package is specified. 

• 70 percent of projects had via-in-pad issues where exposed via-to-pad clearance was too small. 

This results in the solder paste being wicked into the via, creating an insufficient solder situation 

for the SMT component. 

• 50 percent of projects had insufficient pad-to-pad spacing or circuit-to-circuit spacing. The 

exposed pad-to-pad spacing is too narrow for adequate separation of solder paste on each pad, 

resulting in solder bridging during reflow. 

In SigmaTron’s business model, product development engineering assistance is available for new 
products, design for manufacturability and testability (DFM/DFT) recommendations are made when 
projects are started and continuing engineering support is available over the life of the product.  

DFM/DFT analysis is typically offered as part of the New Product Introduction (NPI) process. More 
extensive product development engineering support is also available, if needed. The goal is to use a 
flexible set of resources to fill any gaps the customer has in its product development support team in 
ways that ensure the customer’s cost and quality goals are met. 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. 

In the case of legacy products, this analysis can also help improve the level of automation. For example, 
in one DFM project requiring use of mixed through-hole and SMT parts, the design recommendations 
that facilitated better use of automation included: 

• Changes that ensured adequate clearances for use of automated through-hole insertion 
equipment 

• Panelization recommendations to best align with production flow standardized handling 
systems 

• Component selection recommendations based on ease of placement. 

In terms of eliminating defect opportunities, recommendations focused on: 
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• Eliminating potential solder-related issues caused, in part, by the requirement to utilize both 
reflow and wave solder processes. 

• Evaluating component selection relative to compatibility with required conformal coating 
processes. 

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.  

Selecting a contract manufacturer with scalable design engineering resources and integrating these 
manufacturing experts into product development efforts helps eliminate unnecessary cost or wasted 
time from the design process. As these examples show, adding this type of engineering support to the 
process can also enhance product quality by eliminating defect opportunities. 

 

Jerry Johnson is SigmaTron International’s General Manager, Appliance & Design. He can be reached at 
jerry.johnson@sigmatronintl.com.  For more information on SigmaTron International’s capabilities, visit 
www.sigmatronintl.com or call 510-477-5000. 
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