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Walk into a modern rigid PCB
manufacturing facility and you'll witness
impressive automation. Pick-and-place
machines place components at speeds
exceeding 30,000 per hour, vision systems
verify every placement with micron-level
accuracy, and entire production lines operate
with minimal human involvement.

Now visit a flexible circuit production facility
manufacturing products for the same end
markets. You'll encounter a dramatically
different reality. Manual assembly stations
staffed by technicians working under
microscopes dominate production floors.
Workers hand-place components with
tweezers, visually inspect results, and
manually route cables through assemblies.

Introduction: The Automation
Paradox

The contrast raises an obvious question: if automation revolutionized
rigid PCB manufacturing, why has it failed to solve flexible circuit
assembly?

The answer isn't lack of effort. Manufacturers have repeatedly
attempted to apply conventional pick-and-place automation to
flexible circuits, but been disappointed repeatedly. And the failure
isn't random. It follows consistent, predictable patterns rooted in
fundamental technology limitations. Understanding these
limitations is essential for avoiding costly mistakes and identifying
what genuine solutions require.

Limitation 1: Rigid-Board Design Assumptions

Traditional pick-and-place automation was engineered around the
core assumption that substrates are rigid, flat, and dimensionally
stable. Rigid FR4 boards maintain flatness under vacuum or
mechanical fixturing, don't deflect under placement forces, and
retain dimensional accuracy throughout processing. The entire
automation architecture depends on this stability — from fixturing,
to vision alignment, to placement mechanics.
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Flexible polyimide substrates violate every assumption. With
thickness of 25 to 50 microns, they’re comparable to heavy paper or
thin plastic film. They curl, bow, and warp due to internal material
stresses, moisture absorption, and thermal history. They tear easily
under excessive force and their dimensions change with
environmental conditions.

The handling challenges are severe. Traditional vacuum fixturing
designed for rigid boards applies suction levels that will distort or
tear ultra-thin flexible materials. Mechanical clamping creates stress
concentrations that damage delicate substrates. Even moderate
holding forces cause deformations that affect placement accuracy.

Force control requirements expose another critical gap. Rigid boards
tolerate placement forces of several Newtons without issue, whereas
flexible substrates require force control measured in fractions of a
Newton. Apply too much force and the substrate delaminates or
creases; apply too little and components don't seat properly, creating
solder joint defects.

The margin between insufficient and damaging force is narrow —
sometimes just a few hundred millinewtons — and varies based on
substrate thickness, local stiffness, moisture content, and
component type. Traditional automation using fixed-force
parameters can’t reliably stay within this window. This results in
either substrate damage or placement failures, neither of which is
acceptable.

What's required is adaptive force control that senses actual substrate
response in real-time and adjusts pressure dynamically. Traditional
pick-and-place systems lack this capability because rigid boards
never required it.

Limitation 2: Single-Arm Architecture

Traditional pick-and-place machines feature a single placement
head moving in X-Y-Z axes. This architecture excels at one specific
operation: picking components from feeders and placing them on
stable surfaces. It works beautifully for rigid boards that only require
component placement.

But flexible circuit assembly frequently requires something
fundamentally different. Far more complicated by design, it requires
two-handed manipulation that single-arm systems simply aren’t
architected to perform.

Consider common flexible circuit assembly operations. Installing
flexible cable assemblies requires holding the cable with one action
while routing it through the assembly path with another. One hand 
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feeds while the other guides. Shield can installation requires
positioning the shield precisely while simultaneously applying snap-
fit force. Similarly, connector assembly demands holding connector
bodies stable while inserting mating connectors with precise
alignment. Battery contacts with spring elements need compression
during installation while maintaining alignment.

These aren't edge cases or unusual applications, they're common
requirements in mainstream flexible circuit production. And they're
impossible for single-arm robots regardless of programming
sophistication.

This limitation forces manufacturers into one of three unsatisfactory
responses:

The operations requiring two-handed coordination are precisely the
ones where automation would deliver greatest value: eliminating
the most skill-dependent, inconsistency-prone manual tasks. Single-
arm architecture ensures that these operations remain manual
indefinitely.

Limitation 3: Changeover Economics

Traditional automation requires extensive product-specific setup
that creates prohibitive changeover economics for the typical
production mix of flexible circuit manufacturing.

Each new product variant requires custom mechanical fixtures
designed for specific board dimensions, component-specific nozzles
and grippers for each package type, complete placement program
development with component sequences and inspection points,
vision system training for fiducial recognition and component
identification, and process parameter optimization through iterative
testing.

Developing expensive custom fixtures that mechanically
substitute for the missing hand, which is product-specific,
inflexible, and costly. 

Designing products to avoid two-handed operations, which
constrains design freedom and can potentially compromise
product performance.

Retaining manual assembly for these operations, which is the
most common response, but it defeats the purpose of
automation by leaving the most complex, labor-intensive
tasks manual.

1.

2.

3.

Beyond Traditional Automation: Why Conventional Pick-and-Place Systems Cannot Solve Flexible Circuit Assembly

The operations
requiring two-

handed
coordination are

precisely the
ones where
automation

would deliver
greatest value



This setup burden creates substantial time and cost. Custom fixture
development alone can consume 40 to 80 engineering hours. The
physical changeover between products takes four to eight hours.
Total setup cost per product variant typically reaches $50,000 to
$100,000 dollars including engineering, tooling, and validation time.

The economic implications are devastating for high-mix production.
Consider a facility with 50 active product variants with typical batch
sizes of 200 units. At $75,000 per product setup, automating the
existing product portfolio costs $3.75 million in setup alone — before
even considering production. At four hours per changeover,
switching between all 50 products weekly consumes 200 hours
monthly in non-productive changeover time.

The math only works for very high volumes where setup costs
become negligible per unit. Producing 100,000 units of a single
product makes $75,000 setup cost trivial. Producing 200 units
makes it impossible.

Modern electronics manufacturing increasingly operates in high-
mix, low-volume environments. Product variants change frequently,
with batch sizes measured in hundreds. In this environment,
traditional automation economics completely fail. Manufacturers
requiring flexibility have no economically viable automation option.
Instead, they’re relegated to manual assembly or unprofitable
automation.

Limitation 4: Two-Dimensional Vision

Most traditional pick-and-place systems employ two-dimensional
vision with cameras capturing top-down images to be analyzed for
component recognition and position verification. This works
adequately for rigid boards with consistent topology, but it proves
fundamentally inadequate for flexible circuits.

Flexible circuit assembly requires understanding the third
dimension. Components have height. Solder joints have profile and
volume. Substrates have topology variations affecting placement
accuracy. Two-dimensional imaging isn’t capable of capturing any of
this critical information.

The practical consequences are significant. A component may
appear correctly positioned from above but be seated at an angle,
making partial contact with the pad. The two-dimensional image
shows correct X-Y position but misses the Z-axis tilt creating latent
solder joint defects. A solder joint may appear acceptable in top-
down view but lack proper fillet height. This is a defect that two-
dimensional inspection can’t detect but that determines reliability.
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Flexible substrates with local height variations create additional
problems. Systems assuming flat reference planes place
components at incorrect heights when actual substrate topology
varies from assumptions. This creates placement errors that range
from subtle yield reduction to catastrophic assembly failures.

For quality-critical applications in medical devices, aerospace, or
automotive electronics demanding one 100 percent inspection with
comprehensive verification, the limitations of two-dimensional vision
become absolute barriers. These customers require evidence that
every critical parameter is verified, rather than just relying on the
subset that’s visible from above. Traditional automation can’t
provide this verification.

Limitation 5: Precision Constraints

Traditional pick-and-place systems were designed when component
specifications were less demanding. Components measuring 0.6
millimeter by 0.4 millimeter were considered small. Pitch
requirements of 0.5 millimeter were standard. Placement accuracy
of +/- 50 to 100 microns was considered adequate.

Electronics miniaturization has dramatically tightened
requirements. Components now measure 0.4 millimeter by 0.2
millimeter and smaller. Pitch requirements have tightened to 0.3
millimeter or less. Placement accuracy of +/- 20 to 30 microns is
increasingly necessary for reliable assembly.

The margin for error has shrunk by factors of three to five times.
Systems designed for older specifications lack the mechanical
precision, servo resolution, and calibration stability to reliably
achieve modern requirements.

The precision gap isn't merely a specification shortfall, it's an
architectural constraint. Achieving consistent +/- 20 micron accuracy
demands structural rigidity, bearing precision, servo resolution,
thermal management, and calibration systems that were designed
specifically for this level of performance. Systems designed for +/- 75
micron accuracy can’t achieve +/- 20 microns through recalibration
or software updates, because the limitation is built into the
machine's fundamental design.

The Complete Technology Gap

These limitations combine to create a comprehensive gap between
what flexible circuit manufacturing requires and what traditional
automation provides. The gap isn't a single missing capability, it's a
constellation of fundamental limitations that make conventional
systems unsuitable for flexible circuit applications.
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Substrate handling requires adaptive force control rather than fixed-
force placement. Task capability requires dual-arm coordination
rather than single-point manipulation. Changeover economics
require minutes rather than hours and vision-guided flexibility
rather than product-specific fixtures. Quality verification requires
three-dimensional measurement rather than two-dimensional
imaging. And placement precision requires +/- 20 microns rather
than +/- 50 to 75 microns.

Each limitation is architectural rather than incremental. Incremental
improvements to traditional automation such as better cameras,
tighter tolerances, and improved programming tools can’t close
these gaps because the limitations stem from fundamental design
decisions that were made for different applications. Simply stated,
single-arm architecture can’t become dual-arm coordination.
Likewise, two-dimensional vision can’t capture three-dimensional
information. And fixed-force mechanics can’t suddenly become
adaptive force control.

What Next-Generation Solutions Require

Closing this gap requires purpose-built solutions designed from first
principles for flexible circuit requirements rather than adapted from
rigid board automation.

Adaptive substrate handling must provide force-controlled fixturing
to prevent damage while ensuring stability, real-time topology
sensing to detect and compensate for substrate variations, and
accommodation of rigid-flex combinations with varying stiffness
within single assemblies.

Dual-arm coordination must enable two-handed manipulation to
replicate skilled human dexterity, reformable component handling
for cables and connectors, and complex assembly sequences
required by coordinated operations.

Rapid reconfiguration must achieve changeover in minutes rather
than hours through vision-guided operation to eliminate product-
specific fixtures and software-defined processes that minimize
mechanical changes.

Advanced three-dimensional vision must provide height
measurement to verify component seating, substrate topology
mapping to enable placement compensation, and real-time
processing to enable dynamic correction during placement.

Enhanced precision must achieve placement accuracy of +/- 20 to 30
microns sustained across millions of placements and varying
conditions throughout the system's operational life.
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Conclusion

The persistent manual nature of flexible PCB manufacturing reflects
a rational response to repeated disappointment with conventional
automation rather than resistance to modernization. Manufacturers
have attempted traditional approaches and discovered that these
systems can’t handle their products, despite lofty vendor promises.

The technology gap is real, substantial, and well-understood.
Conventional pick-and-place systems can’t handle delicate flexible
substrates, perform two-handed assembly tasks, accommodate
high-mix production economics, verify quality with two-dimensional
vision, or achieve the level of precision that’s demanded by modern
miniaturization.

Closing this gap requires purpose-built solutions implementing
complete capability sets rather than incremental improvements to
fundamentally limited conventional approaches. For manufacturers,
understanding this gap is essential for realistic automation
evaluation and avoiding investments in systems that promise
transformation but cannot deliver it for flexible circuit applications.

The future of flexible circuit manufacturing depends on bridging this
gap and recognizing that it requires genuinely different technology
rather than better versions of the existing fundamentally inadequate
approaches.
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