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PCB Design Basics: What nobody tells first-time hardware founders

Description

Mastering the basics of PCB design often involves hard lessons that no textbook can fully
prepare a person for. Even with a solid understanding of the fundamentals, mistakes are

common—especially in the early stages of designing circuit boards. Electronics design is
complex, and many of the most frequent issues arise directly on the printed circuit board.

While PCB design may seem straightforward in theory, the practical reality is far more
complicated.

This guide outlines key lessons learned through experience—insights that can save time,
reduce expenses, and minimize frustration. For hardware founders creating their first PCB,
this article offers essential guidance rarely found in textbooks.

What you don’t learn in PCB Design courses

Traditional PCB design courses teach you about routing, component placement, and
electrical principles. However, these courses rarely prepare you for the realities of
hardware development in a business context.

Why textbook knowledge isn’t enough

Textbooks offer a clean, idealized version of PCB design. They present perfect scenarios
with unlimited resources, ideal components, and no time constraints. In reality, most
hardware projects face budget limitations, strict deadlines, and component shortages.

Furthermore, academic knowledge focuses heavily on theoretical electrical principles rather
than practical implementation challenges. You might understand Ohm'’s law perfectly, but
that won't help when your manufacturer tells you your design can’t be produced because
you've placed components too close to the board edge.

PCB design basics taught in school rarely cover critical business considerations. For
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instance, textbooks don’t explain how to balance cost versus quality, or how to make design
choices based on supply chain considerations. They certainly don’t teach you that
sometimes a “good enough” design that ships on time is better than a perfect design that
misses market opportunities.

The gap between theory and real-world design

The transition from theory to practice can be jarring for first-time hardware founders.
Classroom exercises involve designing circuits that work in simulation, but real-world
designs must consider manufacturing tolerances, component availability, and thermal
management.

Another aspect missing from formal education is design iteration. Academic projects typically
end after a single design cycle, whereas commercial products often require multiple
iterations. Consequently, you never learn how to efficiently update designs based on
prototype testing.

Additionally, PCB board design basics rarely cover design for assembly (DFA) or design for
testing (DFT). These considerations are essential for products that will be manufactured at
scale. A design might work perfectly in the lab but become impossible to assemble efficiently
in production.

Most importantly, formal education seldom teaches you how to make technical
compromises. In business, you'll frequently need to sacrifice some performance or features
to meet other requirements like cost targets or time-to-market goals. These trade-offs are
the essence of engineering in the real world, yet they’re almost never discussed in textbooks.

The first real challenge: getting your first board made

Creating your first physical PCB is where theory meets reality—often painfully. Many first-
time hardware founders benefit from working with professional PCB layout and design
services, such as those offered by ACDi, especially when facing tight deadlines or limited in-
house expertise. This phase presents unique challenges that can derail even well-planned
projects.

Choosing the right PCB design software

Initially, you'll need to select PCB design software that balances your needs, budget, and
expertise. Professional tools like Altium Designer dominate the industry, primarily among
those with corporate budgets behind them. Altium offers comprehensive capabilities at a
premium price point.

Alternatively, Eagle provides solid functionality at around $495 annually or $60 monthly,
making it more accessible for independent designers. KiCAD stands out as a powerful free
option with an intuitive interface and 3D viewing capabilities, though it lacks some advanced
features for commercial production. First thing to remember, DipTrace offers a stepped
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approach starting at just $75, allowing you to upgrade as your needs grow.
Understanding manufacturer capabilities early

PCB fabrication shops have specific requirements that significantly impact your design
choices. Accordingly, understanding these parameters before starting your design can
prevent costly revisions. Most manufacturers maintain minimum trace width and spacing
rules—typically 4-6 mil (0.1-0.15mm)—uwith 6mil strongly recommended for cost-effective
production.

Additionally, different manufacturers have varying capabilities for hole sizes, layer counts,
and material options. Standard lead times for PCB fabrication typically run around 2 weeks,
with expedited services available at premium prices. Establishing communication with
potential manufacturers before finalizing your design can prevent unfortunate surprises later.

Why your first prototype will likely fail

Your initial prototype will almost certainly have issues—this is normal and expected.
Common problems include incorrect component placement, power supply issues, signal
interference, and soldering defects. Most hardware developers require 2-3 iteration cycles to
achieve a reliable design.

Documentation of changes between versions is essential, as each iteration builds upon
lessons from previous attempts. In particular, design for manufacturability (DFM) issues
often emerge only after the first production attempt, making them impossible to anticipate
without practical experience. Essentially, first-time failure should be viewed as a valuable
learning opportunity rather than a setback.

Mistakes that cost time and money

Every dollar counts when you're developing hardware. The costliest PCB mistakes aren’t
just technical—they’re the ones that drain your budget and extend your timeline. I've
watched startups burn through funding because of these common oversights.

Overcrowding components and ignoring spacing rules

Cramming components too closely together is a rookie mistake that causes multiple
problems. The IPC component spacing guidelines exist for two crucial reasons: to prevent
physical component overlap that causes damage and to minimize electrical interference
between circuits.

Generally, you should maintain at least 40mil between components and 100mil between
components and the board edge. Attempting to minimize board size by packing components
too closely increases arcing risk, especially in high-voltage applications.
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Not following DFM (Design for Manufacturability) guidelines

An astounding 70% of PCB jobs get put on hold due to incorrect documentation,
unmanufacturable design data, or unfinished designs. During manufacturing, nothing is
worse than discovering a design flaw that requires refurbishing the board, increasing costs
and delaying market entry.

Instead of discovering problems during production, familiarize yourself with IPC standards
(IPC-2221, IPC-2222 for rigid boards, IPC-2223 for flex designs). Incorporate DFM analysis
into your design process early rather than waiting until completion.

Skipping design reviews or relying on internal feedback only

Fresh eyes catch more problems. It's nearly impossible for a designer to view their own work
with enough skepticism to find all issues. Internal designers often see a successful review as
one that finds no problems—uwhich ironically means the review has failed.

External reviews prevent software engineering delays too. When software teams are waiting
on hardware to begin testing, any PCB issues can significantly delay a project’s timeline.

Underestimating the importance of silkscreen and labeling

Poor silkscreen markings cause assembly errors that can destroy components. Critical
markings include polarity indicators for electrolytic capacitors, anode/cathode markers for
diodes, pin 1 indicators for connectors, and pin numbering for large BGA components.

Effective silkscreen design isn’t just about esthetics—it streamlines assembly, testing, and
troubleshooting. Without proper markings, technicians waste time consulting schematics,
increasing error risk during repair and maintenance.

What no one tells you about working with vendors

Working with overseas PCB manufacturers introduces challenges that extend far beyond
technical design issues. After perfecting your board layout, you'll face an entirely new set of
obstacles that can derail your project timeline and budget.

How to communicate with overseas PCB manufacturers

Time zone differences and language barriers create significant hurdles when working with
offshore manufacturers. Misunderstandings due to indirect communication styles common in
some cultures often escalate into major production problems. Moreover, unclear instructions
or conflicting notes on drawings can create manufacturing bottlenecks that extend your
timeline.
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To overcome these challenges:

e Invest in culturally aware staff or consultants who can bridge communication gaps

e Establish dedicated communication channels using platforms like WeChat, WhatsApp,
or Slack

e Work with manufacturers that provide English-speaking account managers with 24-
hour response times

¢ Document all specifications clearly with minimal room for interpretation

Assumption-based errors frequently occur without clear communication, leading to design or
manufacturing mistakes that require costly rework. Indeed, building trust-based relationships
through regular contact helps prevent these issues.

Understanding customs and import delays

Shipping times from overseas can stretch to weeks or months, with additional unexpected
customs delays that few first-time hardware founders anticipate. Unfortunately, even well-
prepared shipments face random Non-Intrusive Imaging (NIl) exams, which can delay
release by up to two weeks and add hundreds in unexpected costs.

Common import obstacles include:

e Port congestion during peak shipping seasons

e Random customs inspections that cannot be predicted

e Documentation issues triggering compliance reviews

¢ Classification errors under the wrong Harmonized Tariff Schedule codes

To minimize these disruptions, present your documents to your broker well in advance of
vessel arrival. Ultimately, customs brokers can transmit shipment information five days
before port arrival, allowing goods to be pre-cleared. Furthermore, factor potential delays
into your projected delivery dates—your clients will appreciate early deliveries more than
missed deadlines.

Final thoughts on starting your PCB Design journey

Bringing a new hardware product to life is never as simple as it looks on paper, especially
when it comes to PCB design. First-time founders often discover that theory alone doesn’t
prepare them for the demands of real-world execution—where supply chains, production
delays, and design compromises are part of the process.

Avoiding costly mistakes starts with recognizing the gaps between textbook knowledge and
practical realities. By prioritizing design reviews, aligning early with manufacturers, and
learning from each iteration, hardware teams can avoid common pitfalls and move faster
toward a working product.

Success in hardware isn'’t just about building a flawless board. It's about designing with
purpose, collaborating with the right partners, and staying flexible when the unexpected
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happens. Those who embrace the messy side of the process are the ones who ultimately
bring better products to market—on time and on budget.
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