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1 Scope of Document

This document provides a comprehensive technical comparison between flexible and rigid light-
ing systems, with a specific focus on their respective benefits, limitations, and applications. It
is intended to guide designers and engineers in selecting the appropriate lighting solution based
on performance, design flexibility, cost, and manufacturability.

The document covers the following key areas:

e Technical Comparison: Performance metrics such as durability, bend radius, installa-
tion ease, and thermal management of flexible vs. rigid lighting.

o Material Analysis: A breakdown of materials used in both types, including substrates,
conductors, adhesives, and protective layers.

e Production Capabilities: An overview of our in-house manufacturing processes, scal-
ability, customization options, and quality control measures for both flexible and rigid
lighting.

e Design and Integration: Flexibility in design, form factors, mounting methods, and
integration into end-use environments.

e Cost, Efficiency, and Environmental Considerations: Comparative analysis of pro-
duction cost, energy efficiency, and long-term maintenance requirements.

e Application Suitability: Use-case scenarios and industry-specific examples highlighting
where flexible or rigid lighting is most advantageous.

This scope ensures an objective, technically sound foundation for strategic product selection
and development.

2 Introduction

As demand grows for lighting solutions that are not only high-performing but also adaptable
to increasingly complex mechanical environments, the limitations of traditional rigid lighting
systems become more apparent. Whether the goal is to follow a curved automotive interior,
fit within compact wearables, or enhance architectural designs with seamless linear lighting,
designers are looking beyond conventional PCB formats and for cost-effective alternatives.

Luminary Labs, based in Toronto, Canada, is at the forefront of this evolution. We specialize
in turnkey flexible LED solutions tailored for high-performance, application-specific use cases
across a broad range of industries. From initial design to full-scale production, our team delivers
solutions that are reliable, scalable, and manufacturable — fast.

Our automated production lines, UL-recognized and RoHS-compliant materials, and deep ex-
perience in flex circuit design enable us to partner effectively with OEMs to meet demanding
performance and integration requirements. Our flexible lighting products are engineered for
seamless installation in environments where rigid PCBs would add constraints, failure points,
or excess cost.

This document outlines the technical and strategic benefits of flexible lighting systems in com-
parison to traditional rigid solutions. It also details Luminary Labs’ production capabilities,
materials expertise, and use-case-specific advantages, helping you determine the right lighting
format for your next product or program.



3 Rigid Lighting Technology: FR4 and Aluminum PCBs

Rigid printed circuit boards (PCBs) are the foundation of most legacy lighting systems. The two
most common rigid substrates used in LED lighting applications are FR4 (fiberglass-reinforced
epoxy laminate) and aluminum-core PCBs. Each has specific mechanical, thermal, and electrical
properties that make them suitable for certain use cases, but also introduce design constraints
that become significant in cost-sensitive, advanced, or space-limited applications.

3.1 FR4 PCBs

FRA is a glass-reinforced epoxy laminate, widely used across the electronics industry due to its
low cost, decent mechanical rigidity, and electrical insulation properties. For lighting applica-
tions, it is typically used in low- to mid-power systems where board rigidity and dimensional
stability are not limiting factors.

Advantages of FR4 in lighting applications:
o Cost-effective and readily available for legacy manufacturers
e Good dielectric strength and dimensional stability
e Supports standard surface-mount and through-hole LED packages
e Compatible with conventional soldering and reflow processes
Limitations of FR4:

o Thermal conductivity is low (~0.3-0.4 W/mK), which restricts its use in high-power or
thermally demanding LED applications unless combined with heat sinks.

o Rigid form factor limits installation in curved or tight enclosures.

e Design-for-manufacturing limitations: Any change in form factor requires retooling of
PCB panels, adding lead time and cost for mechanical customization.

e Mechanical stress and vibration can cause microfractures or solder joint fatigue, especially
in environments with temperature cycling or movement.

3.2 Aluminum PCBs

To address FR4’s thermal limitations, many lighting designers turn to metal-core PCBs (MCPCBs),
most commonly aluminum-based. Aluminum PCBs integrate a dielectric layer between a copper
trace layer and an aluminum base, enabling better heat dissipation.

Advantages of aluminum-core PCBs:
o High thermal conductivity (typically 1-3 W/mK) allows for more efficient LED cooling
o Suitable for mid- to high-power LED modules

e Rigid aluminum base provides mechanical stability and serves as an integrated heat
spreader

o Compatible with high-power driver circuits and densely packed LED arrays
Limitations of aluminum PCBs:

e Non-flexible — cannot conform to curved surfaces or tight form factors, limiting use in
compact or three-dimensional enclosures

e Thermal expansion mismatch between layers can cause stress over time, particularly with
repeated heating/cooling cycles



o More expensive and heavier than FR4; not ideal for applications where weight or cost are
critical

e Limited options for multi-layer construction, making them less suitable for advanced elec-
tronics integration or complex routing

3.3 Mechanical & Design Constraints of Rigid Lighting Systems

Both FR4 and aluminum-core PCBs share common constraints that become significant in mod-
ern design applications:

o Fixed geometries: Designing for 90° bends, curved lines, or compound surfaces requires
mechanical workarounds like segmentation, soldered jumpers, or external wiring.

o Assembly complexity: Segmenting rigid boards into modular assemblies increases the
number of solder joints, connectors, and potential failure points.

o Tooling rigidity: Every mechanical variation (curve, angle, length) often requires a sep-
arate PCB layout and manufacturing panel, increasing NRE (non-recurring engineering)
costs and BOM complexity.

e Vibration sensitivity: In automotive and industrial applications, the rigid nature of the
board can amplify mechanical stresses, leading to cracks in the PCB laminate or solder
fatigue at LED terminals.

3.4 Summary

While FR4 and aluminum-core PCBs are established technologies that function as designed in
legacy lighting applications, their limitations in thermal performance (in FR4), flexibility, and
mechanical adaptability often restrict their usefulness in next-generation systems. As applica-
tions demand lighter, thinner, more adaptable, and mechanically integrated lighting, the need
for more advanced form factors—such as flexible circuits—becomes apparent.

4 Flexible Lighting Technology

Flexible printed circuits (FPCs) represent a transformative evolution in LED lighting system de-
sign. Unlike traditional rigid boards, flex circuits are constructed from polyimide or PET-based
substrates with ultra-thin copper layers, enabling mechanical flexibility without compromising
electrical performance. These materials allow lighting systems to conform to curves, contours,
and compact environments while dramatically reducing mechanical complexity and providing
major savings for OEMs.

In applications where rigid PCBs struggle — such as tight mechanical envelopes, high-vibration
environments, or complex geometries — flexible lighting circuits provide superior integration,
durability, and design freedom.

4.1 Form Factor Advantages

One of the primary benefits of flexible circuits is their ability to eliminate the constraints of
rigid geometries:

e Curved, geometric, and non-linear layouts can be implemented without custom board
segmentation or jumpers.

e Continuous, unbroken circuits reduce the need for interconnects, solder joints, and me-
chanical fasteners, which are often the most common failure points in rigid lighting designs.



e Slim, low-profile construction fits into narrow enclosures or around curves without addi-
tional tooling.

e Modular design using 1" cuttable increments reduces the number of SKUs needed, sim-
plifies kitting and BOM management, and shortens installation time.

4.2 Mechanical Reliability and Long-Term Performance

Flex circuits are engineered to bend, twist, and move throughout their service life. Unlike rigid
boards that are susceptible to cracking, trace delamination, or solder fatigue, flex PCBs maintain
integrity under mechanical stress and vibration. This is especially valuable in environments
where:

o Mechanical shock and vibration are persistent (e.g., vehicle interiors, machine enclosures)
o Thermal cycling is common (e.g., outdoor lighting, aerospace)

o Long service lifetimes are expected without access to perform maintenance (e.g., sealed
systems, architectural installs)

Key takeaway: Flex circuits are not just bendable—they are designed for dynamic environ-
ments and maintain both electrical and mechanical integrity under conditions where rigid PCBs
would fail.

4.3 Lightweight & Easy to Integrate
Compared to rigid PCBs, flex lighting systems offer:

o ~T75%+ weight reduction, lowering shipping and structural requirements
o Adhesive-backed mounting for easy, tool-free thermal contact with housings

e Available in roll format, with lengths up to 333 feet or more, enabling continuous lighting
segments with fewer joins

e Streamlined installation in linear, curved, or space-constrained applications

These characteristics reduce installation complexity, eliminate bulky hardware, and increase
speed to deployment — especially in volume programs.

4.4 Thermal Management and Material Considerations

While polyimide (commonly used in flex circuits) has lower intrinsic thermal conductivity than
aluminum, its extreme thinness and close proximity to thermally conductive surfaces enable
rapid heat transfer — especially when properly bonded to metallic or heat-conductive housings.

Substrate Thermal Conductivity (W/mK) | Notes

FR4 0.3-0.4 Thick and poor dissipation; traps
heat near LED junctions

Polyimide (Flex) 0.12-0.34 Thin construction enables fast dis-
sipation; optimal when housing is
conductive

Aluminum MCPCB 1-3+ Excellent dissipation, but high cost

and mechanical rigidity

Table 1: Thermal conductivity comparison of substrates

Best Practice: Use flex circuits with thermally conductive housings to achieve performance
near that of aluminum PCBs — at lower cost and with greater design flexibility. This is



especially efficient in applications exceeding 6 W /in? of LED density.

4.5 Design Trade-offs and When Flex Isn’t Ideal

Despite their many advantages, flexible circuits are not suitable for every lighting or electronics
application. Key limitations include:

e Layer count limitations: Flex circuits typically support up to 4 copper layers, making
them unsuitable for ultra-dense routing or complex signal layouts such as:

— CPUs and fine-pitch BGA designs
— Smartphone logic boards
— High-speed memory or processor cores

e Cost per square inch: For extremely large, flat, and thermally demanding surfaces
(e.g., some industrial floodlights), MCPCBs may still offer better thermal management at
the expense of flexibility.

4.6 Ideal Applications for Flexible Lighting

Flex circuits excel in applications that require mechanical adaptability, light weight, long life,
and tight integration:

o Automotive lighting (ambient accents, dashboards, HUDs)

o Aecrospace systems (lighting integrated into walls, panels, or signage)
o Wearables (smart textiles, health monitors, AR/VR headsets)

o Architectural lighting (indirect lighting, coves, edges, contours)

o Horticulture lighting (linear LED grow strips, custom spectrums)

o Industrial equipment (status indicators in confined enclosures)

o Commercial display and signage (high-impact visual forms without rigid outlines)

4.7 Summary

Flexible lighting technology offers a dramatic expansion in what’s possible for LED system de-
signers. It enables seamless integration into curved, compact, and vibration-prone environments
— all while reducing weight, failure points, and cost of assembly. When paired with thermally
optimized housings, flex circuits rival the performance of aluminum MCPCBs at a fraction of
the weight, complexity, and cost.

5 Material Options & Stackup Engineering

The material system of a flexible lighting circuit directly impacts its thermal performance,
mechanical durability, electrical integrity, and installation success. At Luminary Labs, we offer
a wide range of materials, finishes, and mechanical reinforcements that let us dial in the ideal
stackup for your specific project — from fine-pitch electronics to ruggedized industrial lighting.

That said, you don’t need to worry about choosing materials yourself. Our engineering team will
assess your performance goals, application constraints, and assembly conditions to recommend
the most effective and reliable configuration. Whether you're focused on flexibility, thermal
dissipation, solderability, traceability, or cost optimization — we’ll tailor a solution that meets
all your needs.



5.1 Coverlay vs. Solder Mask

We offer two outer-layer insulation options depending on durability, temperature range, and

component density:
« Polyimide (PI) Coverlay

— Long-life construction using PI film + adhesive

— Resists yellowing, cracking, or delamination — even in high-heat or high-vibration

environments
— Withstands flexing and mechanical stress without failure
— Standard for automotive, industrial, and long-life LED applications
o LPI (Liquid Photoimageable) White Solder Mask
— Allows for fine-pitch components (0201, 0204) and dense SMT layouts
— Bright white appearance improves light diffusion and visual contrast

— Suitable for compact circuits and cost-sensitive consumer applications

— Slightly lower durability compared to coverlay — recommended for static or enclosed

systems

What we recommend: Coverlay is the go-to for rugged, long-life, or flexing applications. LPI
is used for fine-pitch and aesthetic-critical products. We'll select the optimal solution based on

your design priorities.

5.2 Copper Foil Options
We support both ED and RA copper foils in a range of weights:
o Electrodeposited (ED) Copper
— Cost-effective for static or low-flex designs
— Standard option for simple circuits
« Rolled Annealed (RA) Copper
— Superior flexibility and fatigue resistance
— Ideal for wearables, dynamic motion systems, and mission-critical flex circuits
Available weights:
e 0.5 oz — Fine traces, minimal heat buildup
e 1 0z — Most common for LED circuits

e 2 oz — High-current or thermally loaded designs

Our team will recommend the best copper type and weight to balance cost, reliability, and

thermal behavior.

5.3 Surface Finishes

We offer multiple surface finish options to support reliable soldering, extended shelf life, and

oxidation resistance:

Each finish is selected based on your product’s soldering method, pad density, and expected

lifespan.



Finish Best For
ENIG (Gold over Nickel) | Long life, flat pads, premium assemblies

Immersion Silver High conductivity, mid-cost alternative
HASL Durable, cost-effective, general use
OSP (Organic) Eco-friendly, low-cost, shorter shelf life

Table 2: Surface finish options

5.4 Thermal Interface & Adhesives

Our circuits can be laminated with high-temperature-rated double-sided adhesives optimized
for:

o HSE (High Surface Energy) materials like aluminum and glass
o LSE (Low Surface Energy) plastics like polypropylene and silicone
e Uneven or contoured surfaces with minimal prep
Key benefits:
e Secure bond for thermal transfer and vibration stability
o Withstands continuous high-temperature operation
e Custom patterning available — adhesive doesn’t need to be full-coverage

Our team selects the right adhesive based on surface energy, mounting constraints, and thermal
requirements — no guesswork needed.

5.5 Geometric Customization & Structural Support
Using UV laser depaneling, we can deliver:

e Clean-cut outlines with no tooling costs

e Internal cutouts, tabs, or slots for seamless integration

e Non-linear shapes for curved housings or specialty optics
We also offer stiffeners (PI or FR4) to reinforce:

o Connector areas

e Mounting holes

o Rigid zones for hybrid flex-rigid needs

5.6 Marking & Traceability

Every product can be customized for traceability and identification:
e Silkscreen printing for part numbers, revision codes, assembly notes
o Fiber laser etching for real-time marking of:
— CCT, CRI, forward voltage
— Lot and date codes

— Custom serial numbers or barcodes



5.7 Built-In Engineering Support

With so many variables — insulation, copper, adhesives, surface finishes — making the right
material choices can be overwhelming. That’s why our engineering team works directly with
yours to define the optimal configuration for your project. We take into account electrical
performance, mechanical demands, thermal load, cost targets, and end-use conditions.

From early prototyping to full production, we ensure your lighting circuit is built to last, easy
to install, and optimized for performance.

6 Production & Engineering Capabilities

At Luminary Labs, we combine advanced equipment, skilled engineering, and agile automa-
tion to deliver high-performance flexible lighting circuits — whether you’re building a one-off
prototype or scaling into high-volume production.

Our line is tailored for precision LED circuit assembly, but built to handle custom shapes,
demanding components, and evolving customer requirements. From vision-guided placement to
dynamic roll customization, we engineer each product for performance, traceability, and ease of
integration.

Need a custom 4500K 80 CRI single-LED strip for evaluation? A 9-foot segment with embedded
wire terminals? 300 reels per month for a lighting program? We make it easy — once the spec
is locked, just send a PO.

6.1 Assembly & Placement

¢ Semi-Automated Stencil Printing
— Ensures consistent paste volume and alignment for reliable solder joints
— Optimized for flexible panels and roll-based formats

¢ Vision-Guided Pick-and-Place

High-speed machine optimized for LED placement

— Supports fine-pitch, large-format, and odd-form components

Integrated inspection verifies pad alignment and polarity

Capable of placing wire terminals and board-mounted connectors — eliminating man-
ual soldering for driver and harness connections

¢ Custom Connector Integration
— Enables plug-and-play assembly for OEMs and field installers
— Compatible with IDC, push-lock, or SMD-style terminals

— Reduces field labor and installation error

6.2 Soldering Processes
e« Reflow Oven with Custom Profiles
— Supports both high-temperature REL-61 solder for mission-critical, long-life products
— Also runs low-temp bismuth-based solder for heat-sensitive substrates or components

— Every profile is tuned for optimal wetting and minimal warpage based on board
stackup

10



e Inline Soldering for Continuous Roll Production
— Supports panel-to-panel solder joining for up to 333+ foot assemblies

— Clean and consistent joins, tested for mechanical and electrical reliability

6.3 Lamination & Finishing
e Linear and Nonlinear Adhesive Lamination
— Custom adhesive layouts for curved, selective, or uneven mounting surfaces
— Compatible with high-temp double-sided adhesives for HSE/LSE surfaces
— Ensures strong thermal contact, minimal install tooling, and long-term durability
e Custom Roll Finalization
— Every circuit spec can be “productized” — a generic model number + cuttable variant

— OEMs can simply submit a purchase order for any variant (e.g. "333ft at 4500K /80
CRI/4 LED/30.5cm length")
6.4 Traceability & Quality Assurance
e Fiber Laser Etching

— Permanent, high-resolution marking for:

Color temperature (CCT)
— CRI
— Voltage bin

Date/lot code or serial number

— Enables fully traceable manufacturing for OEM compliance and serviceability
¢ Inline Inspection

— Inspection at multiple production stages

— Configurable based on your QA/QC standards

— Supports part documentation

6.5 Automation-First Philosophy

Automated or semi-automated systems are integrated at every step of production:
o Paste deposition
e Placement and inspection
o Lamination
o Reflow profiling
e Part marking
o Post-process validation

This approach ensures repeatability, reduced error rates, and consistent lead times — even as
designs vary between orders.

11



6.6 Future Capabilities: Material Innovations

We're currently expanding into flexible electronics on ultra-sensitive substrates such as PET
and PEN — for wearables, ultra-thin enclosures, and hybrid lighting modules.

o Next-gen soldering techniques are in development to allow safe, warp-free assembly on
low-temp plastics

o These breakthroughs will enable full flex circuits on PET/PEN with no rigid reinforce-
ments or heat damage

e Stay tuned — this capability is under active development and will soon unlock new form
factor and cost-saving opportunities

6.7 Your Circuit, Your Way

Once we develop a spec that works for your system — whether that’s a 36V 1.5A 2700K linear
with a 12 series LED per segment or a horticulture module with mixed bins and zone control
— we’ll set up the part number for repeat ordering.

From there, you can:
e Order in rolls or sheets
e Customize each build length or configuration
o Add laser-marked details (e.g., “4500K 80 CRI Driver A”)

e Receive just-in-time builds with zero requalification effort

7 Design & Integration Support

At Luminary Labs, our design approach is rooted in real-world integration — ensuring every
lighting circuit we deliver fits seamlessly into your mechanical design, electrical system, and
production flow. We go beyond simply supplying flex circuits: we work with you from the
ground up to engineer solutions that reduce your in-house labor, speed up installation, and
eliminate the need for post-processing.

Whether you’re designing for a vehicle interior, architectural install, or compact enclosure, our
team ensures the circuit geometry, interface points, and form factor are ready to drop in — not
just electrically functional, but mechanically effortless to work with.

7.1 Design-for-Integration (DFT)

We specialize in designing flexible circuits that are easy to install, align, and mount — even in
high-volume or space-constrained applications. This reduces cost, complexity, and human error
during both production and field installation.

Our design considerations include:
e Mounting geometry for brackets, clips, or adhesive paths
e (learances and tolerances for housings, optics, and fasteners
e Thermal interface points for contact with heat sinks or metal enclosures
e Pre-integrated connectors or terminals to remove the need for soldering
o Segmented layouts (e.g., 1" cuttable intervals) for flexible length control

The result: reduced install time, fewer tools, and minimal technician training.

12



7.2 CAD Support & Engineering Collaboration
We provide full mechanical design support to accelerate your development:
e 2D and 3D CAD files for integration into your mechanical assembly
o DXF/DWG exports for cutouts, fastener guides, and housing fitment
o STEP files to visualize how circuits route or flex within enclosures
e Support for custom panel arrays to match production or testing workflows

If you already have a housing or lighting geometry in mind, just share the envelope — and we’ll
take care of designing a circuit that fits, mounts, and connects cleanly.

7.3 Packaged for Production Efficiency

To streamline your production process, we offer several packaging and handling options:
o Carrier tape
— Reduces handling time and risk of damage
— Supports just-in-time production lines
o Panelized formats for batch testing or semi-automated installation
e Continuous rolls for linear lighting, peel-and-stick installation, or automated unwinding

Each product is packaged with your assembly process in mind — and we’re happy to adapt
formats as your volume or production line evolves.

7.4 Flexible from Design to Delivery

Every OEM has different needs — which is why we don’t offer one-size-fits-all parts. We
collaborate directly with your engineering team to:

e Translate lighting requirements into manufacturable layouts

o Predefine product identifiers (CCT, CRI, voltage, bin) for consistent builds
e Standardize part numbers for repeat PO workflows

e Provide mechanical data for tooling and mounting design

o Customize marking and packaging for field-ready usability

Our goal is to make our circuits an invisible part of your assembly — no headaches, no surprises,
just a clean fit and dependable performance.

8 Cost & Efficiency Considerations

Choosing Luminary Labs’ flexible lighting circuits isn’t just about performance — it’s a strate-
gic decision that reduces total cost of ownership, supply chain complexity, and environmental
impact.

From shipping and warehousing to installation and maintenance, our continuous roll format,
lightweight design, and flex-specific production methods enable measurable cost savings com-
pared to rigid FR4 or aluminum-clad PCBs.

13



8.1 Lower Supply Chain Costs

Traditional rigid lighting assemblies — especially FR4 or aluminum PCBs — are heavy, bulky,
and difficult to ship efficiently.

In contrast, our flexible circuits are supplied on continuous reels, enabling major advantages:
o Fewer cartons per order — lower warehouse volume and racking footprint
o Express shipping friendly — small parcel shipments are fast and cost-effective

Example: A 333-foot LED strip built on FR4 would require multiple trays or cartons, weigh
over 20kg, and ship as freight when ordering many of these in bulk. The same product from
Luminary Labs weighs under 2.5kg, fits in a compact reel box, and ships by air within 48 hours
— with no compromise in durability or thermal performance.

8.2 Lower Manufacturing & BOM Costs

Compared to rigid circuit boards, flexible lighting offers built-in value:
e No need for multiple board segments or connectors
e Fewer solder joints = lower labor and failure points
e Slim profiles reduce mechanical enclosure costs
o Fasier automation means lower assembly costs for you or your integrator
e Less copper + thinner base = reduced raw material cost

Even when considering surface finish and adhesive customization, flex circuits are typically
30-60% more cost-effective than rigid solutions over the full lifecycle of the product.

8.3 Reduced Installation Labor

Our reels are ready for direct installation, with:
e Adhesive backing pre-applied
e Optional wire connectors
e Custom lengths and segmentation

Installers spend less time, use fewer tools, and generate fewer mistakes, especially in high-
volume, multi-site, or in-field installs.

8.4 Better for the Environment
Our flex lighting isn’t just efficient to use — it’s efficient to make.
Energy Efficiency in Use

o LED lighting already reduces energy usage by up to 80% vs incandescent and ~40% vs
fluorescent

¢ Flex circuits improve thermal performance and lumen output in compact or curved envi-
ronments where rigid boards struggle, making them even more efficient over time

Energy Efficiency in Manufacturing
o Flexible circuits use less copper and less epoxy than FR4
e No heavy aluminum or CNC milling required

e Reels are laser-cut, not routed — reducing tool wear, waste, and power consumption

14



Lower Maintenance = Lower Waste
e Rigid circuits are prone to fractures, delamination, and thermal fatigue over time

e Flex circuits are designed to bend, move, and withstand vibration — reducing replacement
rates and total lifetime emissions

8.5 Reel Recycling Program

As part of our sustainability initiative, Luminary Labs offers an optional Plastic Reel Return
Program:

e Simply return your empty plastic reels to us
o We inspect, sanitize, and reuse them in future orders
e This reduces plastic waste and closes the loop in your supply chain

Participating in this program helps reduce landfill volume and supports a circular supply chain
model — all without impacting cost or lead time.

8.6 Summary: Flex Wins on Every Front

Metric Rigid PCB | Luminary Flex
Shipping Weight (333ft) ~20 kg ~1.5-3 kg
Freight Method Pallet/Carton Small Parcel
Manufacturing Waste High Low
Install Labor High Low
Failure Points Many joints Seamless design
Recyclable Packaging Limited Returnable reels
Material Costs High Reduced BOM

Table 3: Comparison of rigid PCB vs. Luminary Labs flexible circuits

9 Application Suitability & Use Case Scenarios

Our flexible LED solutions are engineered for high-performance, design-constrained environ-
ments across multiple industries. Whether you’re creating a new product or improving an
existing design, Luminary Labs can provide customized, scalable, and cost-effective lighting
systems. Below are examples of use cases we frequently support — including the typical engi-
neering flow from concept to production.

9.1 Architectural — Linear Accent Lighting in Challenging Spaces

Scenario: A customer is designing a long, continuous architectural lighting fixture to run along
curved coves, ceilings, or wall recesses. Rigid PCBs would require multiple segments, splicing,
and bracket tooling, leading to visible seams and increased labor.

What We Can Do:
e Provide a continuous flexible strip that conforms to curved and linear geometries
e Supply pre-terminated connectors or solder pads for quick installation
o Apply custom-cut double-sided adhesive for secure mounting with minimal effort
o Laser-mark each reel with length, CCT, and CRI identifiers for job site traceability

Engineering Flow:

15



e Import of architectural CAD or measurements
e Layout proposal

« Rapid prototype delivery within 2-3 weeks

e DFM refinements and thermal testing

e Scalable production in labeled roll format

9.2 Horticulture — Tunable Spectrum Grow Lighting

Scenario: A horticulture equipment manufacturer needs tunable multi-spectrum lighting strips
for vertical farming or greenhouse applications. Their current aluminum PCBs are heavy,
thermally overbuilt, and expensive to transport and mount.

What We Can Do:

o Design custom LED arrangements for targeted red/blue/white spectrum output

e Supply cuttable reels that can be trimmed in the field

o Use thermally conductive adhesive backing for passive heat sink mounting

e Track LED bin data to maintain spectral consistency batch-to-batch
Engineering Flow:

o Electrical spec + spectrum tuning consultation

e Circuit and material selection

e Thermal and optical testing

e Quick-turn pilot batch

e Labeled production for individual grow configurations

9.3 Architectural — Circular or Pendant Fixtures

Scenario: A lighting designer is creating a round or abstract pendant that requires uninter-
rupted LED placement on a curved plane. Traditional PCBs would demand multiple rigid
wedges with edge connectors and introduce visual inconsistencies.

What We Can Do:

e Create a single-piece flexible strip on 2 axis with integrated connectors

e Use UV laser depaneling for precise curvature matching

e Deliver in reel form for easy fixture integration

e Apply custom silkscreen or laser codes for variant or model identification
Engineering Flow:

e Housing CAD import and layout validation

o Circuit curvature routing and connector strategy

e Prototype delivery with installation guide

o Functional and optical validation

e Scalable roll or panel-based fulfillment
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9.4 Wellness & Commercial — Circadian Rhythm Lighting

Scenario: A wellness-focused workspace designer wants to integrate CCT-tunable lighting into
ceiling and furniture systems to support occupant circadian rhythms. Rigid boards are too
thick and inflexible for integration into the selected luminaires.

What We Can Do:

o Design a dual-channel flex circuit (2700K-6500K) to fit within slim or contoured fixtures

e Include pre-profiled connector terminals for plug-and-play integration

e Mark each circuit with CRI, bin, and production date for model tracking

e Provide carrier tape or custom-length reels to simplify installation logistics
Engineering Flow:

o CCT specification and driver compatibility review

o Circuit layout with optical tuning

e Sample run with dimming curve validation

e Optional thermal profiling

e Finalized production with smart labeling

9.5 Industrial — Compact LED Modules for Machine Vision

Scenario: A machine builder needs reliable, vibration-resistant LED lighting in a tight enclo-
sure exposed to frequent thermal cycling. Rigid boards risk fracture and solder fatigue.

What We Can Do:

e Supply flex modules with RA copper for improved mechanical performance

e Use REL61 or low-temp solder depending on thermal conditions

e Apply conformal coating and fiber laser part codes for traceability and protection

e Deliver in custom panel shapes or reel format based on installation needs
Engineering Flow:

e Mechanical and environmental requirement review

e Material + copper selection based on fatigue profile

e Sample run for fit + vibration testing

e Assembly review with customer

e Production with optional coating and serialization

9.6 What to Expect from Us

We guide each customer through a clear and collaborative development process:

1. Application Review & Requirements Gathering: Share your design goals, space
constraints, and performance needs.

2. Concept Development & Layout Proposal: We generate CAD, material stackups,
and sample specs.

3. Prototype Fabrication (2—-3 Weeks Typical): Built using production-grade materials
and processes.
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4. Testing & Validation: Fit, optical, thermal, or vibration testing based on your appli-
cation.

5. Design Finalization & DFM Approval: We finalize the design for production and
long-term scalability.

6. Production & Delivery: Orders shipped in your preferred format: on reels, panels, or
tape & reel.

10 Closing Remarks

At Luminary Labs, we don’t just supply flexible LED circuits — we engineer lighting solutions
that are purpose-built for your application, timeline, and scale. Whether you’re exploring a
new product concept, optimizing an existing system, or ramping into high-volume production,
our team is ready to collaborate.

From material selection to circuit design, prototyping, and automated roll-based production,
we’re here to help reduce your cost, improve reliability, and simplify integration.

Let’s build something flexible, scalable, and brilliant — together.

For more information or to begin a project discussion, visit us at
www.luminary-labs.ca
sales@luminary-labs.ca
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