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How developers and purchasers can set the course for low

unit costs as early as in the design phase
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The costs of an electronic assembly often determine the success or failure of a product.
At the same time, many cost drivers are "built in" during development, long before the
first PCB enters production. Later, these decisions can only be corrected with great effort
or not at all.

This whitepaper highlights the most important levers to sustainably reduce the
manufacturing costs of assembled PCBs - without compromising quality or reliability.
The basis is practical experience from series production and decades of expertise at
Hekatron.

Who is this whitepaper for?

. Development engineers designing electronic assemblies for series production.
. Purchasers and project purchasers who must keep an eye on manufacturing costs.

. Project managers transferring prototypes into stable series production.

Your benefits at a glance

. You will recognize the biggest cost drivers in EMS manufacturing.
. You will receive concrete design and organizational tips that can be implemented immediately.

. You will learn how to integrate EMS know-how into your development at an early stage.
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1. Component selection: Standardization and lifecycle

Component selection is a major cost driver. Around 20% of the components account for
up to 80% of the assembly’s value — making it well worth taking a closer look.

. Standard instead of exotic components: Use market-standard small SMD components (e.g., 0201,
01005) instead of large or outdated components to reduce procurement and placement costs.

. Check lifecycle: Avoid discontinued or last-time-buy components. Use components with long-term
availability and an obsolescence strategy.

. THT only when necessary: Use THR or robust SMD variants for mechanically stressed components to
minimize manual assembly and rework.

2. Packaging types: Efficiency begins at goods receipt

The packaging type directly influences setup and placement effort. Important cost
factors are already determined at this stage.
. Prefer SMD on reels: Reels are the most efficient packaging form for automated placement. Trays

cause more handling; bulk material should be avoided except when a shaker system is used for very
high volumes.

. Configure THT components appropriately: If leads must be shortened or formed, taped components
are ideal. Bulk material is suitable only when no prework is required.

. Use multi-use shuttle boxes instead of single-use ESD packaging to reduce long-term costs and save
resources.
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3. Design & layout: Designing for manufacturability

A manufacturing-ready layout has a decisive impact on throughput times, rework effort,
and machine hourly rates. The guiding principle is to implement as much as necessary
and as little as possible.

. Aim for single-sided placement: Place all SMD components on one side if possible. If double-sided,
distribute components evenly.

THR strategy: Place all THR components on one side together with heavy and temperature-sensitive
components so they only need to pass through the oven once.

. Layout details to consider:
. Do not place vias in pads or test points.
. Ensure sufficient spacing between THT leads
. Use thermal reliefs on ground connections.

. Use uniform screws and drive types.

4. PCB & panel design: Influencing unit costs

Printed circuit board design and panelization have a direct impact on material costs,
placement efficiency, and throughput times. Even minor adjustments can result in
significant cost effects.

. Minimize layer count: Every additional layer increases costs. Use as few layers as possible.

Optimize panel layout: Use compact rectangular designs so more PCBs fit on one panel, improving
machine utilization.
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5. Manufacturing Costs and Lot Sizes: Leveraging Scale
Advantages

Setup costs are incurred per production lot, regardless of whether 50 or 5,000 PCBs are
manufactured. Consequently, lot size has a strong impact on unit costs.

. Bundling production lots: Wherever possible, place orders for larger production quantities instead of
many small quantities. This allows setup costs and machine time to be distributed across a greater
number of assemblies.

. Understanding setup effort: In dialogue with the EMS partner, it is often possible to clarify which
minimum production lot sizes are economically viable and how call-off orders can be structured.

6. THT Soldering Processes: Selecting the Right Process

The choice of the THT soldering process has a direct impact on cost, quality, and process
reliability. It should be selected based on the desigh and component population of the
assembly.

. Wave soldering: the most cost-effective process when no tall components or displays are present on
the underside of the assembly.

. Selective soldering: more flexible, but with higher machine hourly rates, well suited for critical
components and mixed layouts of SMD and THT components.

. Hand soldering: expensive and less process-reliable, but sometimes the only option for very small
production lots or special requirements.
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7. Coating and Depanelization: Managing Effort
Consciously

Coating and depanelization are among the most labor-intensive process steps and
should therefore be planned deliberately.

. Apply coating only where it is truly necessary (e.g., harsh environments or high safety requirements).

Maintain minimum clearances between coated and uncoated areas and avoid fine contours in order
to reduce coating effort.

Prefer V-scoring over routing: this requires a PCB thickness of at least 0.8 mm, sufficient
component clearance to the board edge (recommended: 2 mm), and two parallel edges.

8. Test Strategy and AOI: Ensuring Quality Without
Unnecessary Additional Costs

Each test step requires time and cost investment, but ideally helps to prevent rework
and field failures. The key factor is a clearly defined test strategy spanning the entire
process chain.

. Plan early: already at the layout stage, evaluate which tests (AOI, ICT, functional test, etc.) are truly
necessary and which failure modes they are intended to cover.

. AOI-capable design: Large components must not obscure neighboring components—this also
applies to placement aids. Only then can all critical solder joints be reliably inspected optically.

. Place test points thoughtfully: For single-sided assemblies, provide test pads on the underside to
enable efficient bed-of-nails or flying-probe testing.
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9. Organization and Collaboration: Data Quality and
Expertise

Technically flawless layouts are of little value if the data situation is unclear or if EMS
expertise is involved too late in the process.

A clean data foundation: complete manufacturer part numbers and clearly identifiable part numbers
in the bill of materials are essential for accurate costing as well as for reliable procurement.

. Early collaboration: involve your EMS service provider early in the development process. This makes it
possible to identify alternative components, critical lifecycle issues, and standardization potential at
an early stage.

. Prototype and series production from a single source: have prototypes and the pilot run
manufactured by the series production partner. Review reports and cost-driver analyses can then be
incorporated directly into the series design.
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Cost-optimized production of electronic assemblies
begins long before the first solder joint. Those who apply
standards early in the design phase, select components
deliberately, and integrate the expertise of their EMS
partner not only reduce unit costs, but also improve quality
and supply reliability.

If you have any questions regarding cost-optimized
manufacturing of assembled printed circuit boards, or if
you would like us to plan and implement your next
electronics project together with you, we look forward to
hearing from you.
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