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EXECUTIVE SUMMARY

The lighting industry stands at the threshold of a transformative breakthrough. For decades,
dynamic beam control has required bulky mechanical systems—motors, gimbals, zoom
lenses—that add complexity, noise, maintenance burden, and points of failure. LumiFree™
technology eliminates these limitations entirely.

LumiFree is the world's first commercially viable electrically tunable light shaping panel,
which controls 2 (X/Y) axes independently, for architectural and entertainment lighting. By
applying liquid crystal technology—previously limited to displays—to the challenge of light
distribution control, LumiFree enables silent, instant, and maintenance-free beam angle
adjustment with 256 levels of precision.

Key Benefits:

» Silent Operation: Zero acoustic noise, perfect for performance venues, galleries, and
hospitality

* Instant Response: Sub-second beam transitions enable dynamic lighting effects
previously impossible

* Maintenance-Free: No motors, gears, or moving parts means years of reliable
operation

* Compact Integration: Thin form factor (4.45mm panel thickness) fits in spaces
mechanical systems cannot

» Digital Precision: 256-step resolution per axis enables smooth, repeatable beam
control

* Energy Efficient: Minimal power consumption (2W typical) compared to motorized
systems (5-15W)

» High modulation efficiency: No light loss by lens movement and no loss due to
changes in beam shape

Market Opportunity:

The global architectural lighting market exceeded $75 billion in 2023, with dynamic lighting
representing the fastest-growing segment. Entertainment lighting, hospitality, retail, and
museum applications demand increasingly sophisticated beam control. LumiFree addresses
this demand with technology that delivers professional-grade performance at a fraction of the
cost and complexity of traditional motorized systems.

Technology Foundation:

LumiFree leverages advanced liquid crystal optical modulation—the same fundamental
technology that powers billions of display screens—but engineered specifically for high-
intensity lighting applications. Where displays control light transmission pixel-by-pixel,
LumiFree modulates the refractive index of light passing through the panel, dynamically
steering beams from narrow (12°) to wide (60°) distributions.

This White Paper:

This document provides a comprehensive technical and business overview of LumiFree
technology, including the scientific principles, performance characteristics, competitive
advantages, target applications, integration considerations, and market positioning. It is
intended for lighting manufacturers, system integrators, architects, lighting designers, and
investors evaluating next-generation lighting control solutions.
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1. THE CHALLENGE: LIMITATIONS OF CURRENT
LIGHTING TECHNOLOGY

1.1 The Need for Dynamic Beam Control

Modern lighting applications increasingly demand dynamic beam control—the ability to
adjust light distribution in real-time to match changing needs. Consider:

Performance Venues: Spotlights must follow performers, with narrow beams for solos
and wide washes for ensemble scenes

Retail Environments: Product displays require dramatic accent lighting that adapts as
merchandise changes

Art Galleries: Exhibitions demand precise lighting that can be reconfigured without
physical fixture adjustments

Hospitality Spaces: Restaurants, bars, and hotels need lighting that transforms
throughout the day

Smart Buildings: Automated systems optimize light distribution based on occupancy,
time, and natural light availability

Landscape and Architectural: Outdoor fixtures must adapt to seasonal foliage
changes, plant maturity over years, and multiple lighting zones from single fixture.
Harsh outdoor environments (temperature extremes, moisture, dust) make
mechanical systems particularly vulnerable. Dark sky compliance requirements favor
fixtures that can adjust beam spread without physical repositioning. Maintenance
access is often difficult (elevated poles, building facades, remote locations), making
LumiFree's maintenance-free solid-state design especially valuable. Event
reconfiguration (festivals, holiday displays, seasonal programming) benefits from
remote beam angle adjustment without fixture access.

Automotive Aftermarket and Off-Road: Drivers need to switch between long-range
spot beams (highway, open terrain) and wide flood patterns (urban, technical terrain)
without stopping. Aftermarket headlight upgrades face less stringent regulatory
requirements than OEM systems, enabling faster adoption of innovative
technologies. Off-road overhead lighting requires spot-to-flood versatility for varied
terrain (rock crawling, trail navigation, camp illumination). Extreme vibration, shock,
temperature cycling, and exposure to dust/mud/water make solid-state beam control
highly advantageous over mechanical systems. Real-time driver-controlled
adaptation enables optimal visibility for changing conditions. The enthusiast market
values technological innovation and performance advantages. Regulatory flexibility in
aftermarket and off-road segments allows earlier deployment than highly regulated
OEM applications. Market scale: $4+ billion global automotive LED aftermarket with
off-road representing highest-margin segment.

These applications share a common requirement: lighting must be flexible, responsive, and
precisely controllable. Yet conventional lighting technology offers only crude solutions.

1.2 Current Solutions and Their Limitations

Fixed Optics

The simplest approach—fixed lenses or reflectors—provides no adjustability whatsoever.
Once installed, beam angle is locked. Any change requires physical fixture replacement,
involving labor, downtime, and expense. This approach is incompatible with dynamic
applications.
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Mechanical Zoom Systems

Automated lighting fixtures use motorized zoom lenses to adjust beam angle. While
functional, these systems suffer from significant drawbacks:
* Noise: Electric motors and gear mechanisms produce audible noise (30-45 dB
typical), unacceptable in theaters, galleries, and upscale hospitality
* Speed: Mechanical movement takes 2-5 seconds for full travel, limiting dynamic
effects
+ Reliability: Motors, gears, and linkages wear over time, requiring maintenance and
eventual replacement
» Size and Weight: Mechanical systems add bulk, limiting fixture design freedom
* Power Consumption: Motors draw 5-15W continuously during adjustment and hold
position
» Cost: Precision mechanical systems are expensive to manufacture and maintain

Movable Diffusion Panels

Some systems use motorized diffusion filters that slide in and out of the light path. This
provides limited control (essentially 'narrow' or 'wide' with no intermediate settings) and
shares the noise, reliability, and maintenance issues of zoom systems.

Multiple Fixtures

The workaround—installing separate fixtures for different beam angles—multiplies
equipment cost, installation complexity, and power consumption. It's an admission that
single-fixture flexibility remains unsolved.

1.3 What the Market Needs

The ideal beam control solution would deliver:

Silent operation (0 dB acoustic emission)

Instant response (<1 second transition time)

Continuous adjustment (not just preset positions)

High resolution (smooth, artifact-free transitions)

Maintenance-free operation (no wear items)

Compact form factor (minimal impact on fixture design)

Low power consumption (<3W)

» Affordable cost (competitive with motorized systems)

+ Digital integration (compatible with BLE, DMX, DALI, loT protocols)

Until now, no technology has simultaneously satisfied all these requirements. LumiFree
changes that.
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2. THE SOLUTION: LumiFree TECHNOLOGY

2.1 Breakthrough Innovation

LumiFree represents a fundamental paradigm shift in lighting control. Instead of
mechanically moving optics, LumiFree electronically modulates the optical properties of
liquid crystal material through which light passes. The result is dynamic beam control without
a single moving part.

"LumiFree applies the LCD revolution to lighting—digitally controlling
not what you see, but how you illuminate.”

2.2 How LumiFree Works

Liquid Crystal Fundamentals

Liquid crystals are materials that exhibit both liquid and crystalline properties. Their
molecules can be reoriented by applying an electric field, and this reorientation changes how
they interact with light passing through them.

In LumiFree, liquid crystal molecules are sandwiched between two glass substrates with
transparent electrodes. The electrodes are formed as stripes on each glass, and voltage is
applied between adjacent electrodes. By applying voltage across these electrodes, we
control the molecular orientation throughout the LC layer.

Optical Modulation Principle

Liquid crystal molecules have anisotropic refractive properties—they refract light differently
along their long axis (extraordinary refractive index, ne) versus perpendicular to it (ordinary
refractive index, no). By controlling molecular orientation, we control which refractive index
the light experiences.

No Voltage Applied (OFF State):
* LC molecules are aligned horizontally
» Refractive index: High (narrow beam) => Refractive index: Homogeneous (narrow
beam)
» Light passes through with minimal scattering
+ Transmittance: 75-85% (typical 80%)
Full Voltage Applied (ON State):
* LC molecules stand vertically
* Refractive index: High and low points are created (wide beam) => Refractive index:
Inhomogeneous (wide beam)
+ Maximum light scattering/diffusion
» Transmittance: 8-10% (typical 9%)
Partial Voltage (Variable State):
» LC molecules at intermediate angles
Graduated refractive index control
» Variable beam spread between narrow and wide
« 256-step resolution per axis (8-bit control)



*+GRE

Electronics Ltd

LC{OOOOO L O/O\Q

Applied Voltage : OFF Applied Voltage : Mid Applied Voltage : High

Refractive Index : homogeneous Refractive Index : inhomogeneous
Beam Width : Narrow Beam Width : Wide

Figure 2.1: LC Molecular States and Optical Effect

Liquid Crystal Molecular Behavior:
* LC molecules have anisotropic refractive properties (ne # no)
» Ordinary refractive index (no): perpendicular to molecular axis
» Extraordinary refractive index (ne): parallel to molecular axis
* Applied voltage controls molecular orientation, changing effective refractive index
* Gradual transition enables smooth beam angle adjustment

Beam Shaping Mechanism

When narrow-beam LED light (8-12° typical) passes through the LumiFree panel:
» OFF state: Light passes through with minimal interaction, maintaining narrow beam
+ Partial voltage: Refractive index gradient causes controlled light scattering, widening
beam step by step
* ON state: Maximum refractive index change produces maximum scattering, creating
wide flood distribution

The transition is continuous and smooth. Each of the 256 steps produces a slightly different
beam angle, enabling smooth animations and precise final positioning.

Independent X/Y Control

LumiFree panels incorporate four LC channels arranged to provide independent control
along X and Y axes. This enables:

* Symmetric beams: Both axes set to same value creates circular distribution

» Elliptical beams: Different X/Y values create oval patterns

* Wall washing: Wide in one direction, narrow in perpendicular

« Asymmetric effects: Creative control for architectural and artistic applications
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LumiFree Beam Angle Control Range (256 Steps)

Step O Step 64 Step 128 Step 192

Step 255

Figure 2.2: LumifFree Beam Angle Control Range (256 Steps)

2.3 System Architecture

A complete LumiFree system consists of:

1. LumiFree LC Panel (LAM020)

Active area: ®50mm circular aperture

Panel dimensions: 61.2 x 61.2 x 4.45mm (octagonal form factor)
Four-channel LC cell for independent X/Y axis control

Operating temperature: -20°C to +80°C

« Transmittance: 75-85% (OFF state), 8-10% (ON state)

2. M972A Driver Board

Dimensions: 45 x 45 x 6.7mm compact PCB

Input: 2.97-5.5V DC (5V nominal)

Current consumption: 350mA maximum

Control interface: I?C

Generates four-channel LC drive signals from digital commands
Integrated pull-up resistors and protection circuitry

3. LED Source (Customer Supplied)
* Recommended beam angle: 8-12° (critical specification)
» COB, single-die, or array configuration
* Any color temperature or CRI
* Power level: 5-100W typical

4. Control System (Customer Supplied)
»  DMX512, DALI, BLE, Wi-Fi, or proprietary protocols
» Converts high-level commands to I?C
* May integrate with LED dimming control
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LumiFree System Block Diagram

AC Mains AC/DC Power
100-240V supply (5V DC)

|[— LC Driver Board

Control System
DMX512
Bluetooth LE

WiFi
DALI

LED Driver
Constant Current

Legend:

Power Connection

Control Signal
Light Path

Ltd

M972A

45x45mm

LumiFree

LC Panel
@50mm Active

Figure 2.3: LumiFree System Block Diagram

2.4 Performance Characteristics

Parameter

Specification

Notes

Beam Angle Range

Up to 60° (half-

With 8-12° LED source

illuminance)

Control Resolution 256 steps per axis (8-bit) Independent X and Y
control

Response Time <1 second Typical 500-800ms

Acoustic Noise 0dB Completely silent
operation

Power Consumption 1-2W typical M972A driver board only

Transmittance (OFF) 75-85% ~20% light loss in narrow
mode

Transmittance (ON) 8-10% Wide beam, light diffused
not lost

Operating Temperature -20°C to +80°C LC panel specification

Lifetime

>50,000 hours

No wear parts, LED-limited

Control Interface

12C (0x71)

Factory configured

Size/Weight

61.2 x 61.2 x 4.45mm /
=329

Panel only, ultra-compact
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3. COMPETITIVE ADVANTAGES

3.1 LumiFree vs. Motorized Zoom Systems

Feature LumiFree Motorized Zoom

Acoustic Noise 0 dB (silent) 30-45 dB (audible)

Response Time <1 second 2-5 seconds

Moving Parts Zero Multiple (motor, gears,
linkages)

Maintenance None required Regular lubrication,

eventual replacement

Power Consumption 1-2W 5-15W

Size/Weight Minimal (4.45mm thick) Significant (30-50mm
typical)

Reliability Extremely high (no wear) Moderate (mechanical
wear)

Control Resolution 256 steps Typically 10-50 steps

Cost Competitive Higher (precision
mechanics)

3.2 Key Differentiators
1. Silent Operation

LumiFree's zero acoustic emission is transformative for noise-sensitive applications. In
performing arts venues, mechanical zoom systems force compromises—either accept
audible noise during performances or limit beam adjustments to intermissions. Museum
galleries demand silence to preserve the contemplative experience. High-end hospitality
cannot tolerate mechanical noise in dining rooms or guest suites. LumiFree eliminates this
constraint entirely.

2. Instant Response

Sub-second beam transitions enable dynamic lighting effects previously impossible with
mechanical systems. Lighting can 'breathe’ in sync with music, respond instantly to
occupancy changes, or create smooth animated sequences. The speed advantage is
particularly valuable in entertainment applications where lighting is choreographed with
precision.

3. Maintenance-Free Operation
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Mechanical systems require periodic maintenance: lubrication, gear inspection, motor
replacement. Over a 20-year building lifecycle, maintenance costs can exceed initial
equipment cost. LumiFree has no wear items. The LC panel and driver board, if properly
thermally managed, will outlast the LED source. This dramatically reduces total cost of
ownership.

4. Compact Form Factor

At just 4.45mm thick, the LumiFree panel fits in spaces where mechanical zoom systems
cannot. This enables entirely new fixture designs: ultra-slim architectural fixtures, integrated
millwork lighting, compact track lights. Industrial designers gain freedom previously
constrained by mechanical bulk.

5. Digital Integration

LumiFree's I12C control interface integrates seamlessly with modern lighting control systems.
Digital communication enables features impossible with mechanical systems: synchronized
multi-fixture effects, precise step-by-step positioning, integration with building automation,
remote diagnostics, and firmware updates.

6. Energy Efficiency

While 1-2W seems modest, consider installations with hundreds of fixtures. A 500-fixture
venue saves 2-5kW by choosing LumiFree over motorized systems—reducing operating
cost and environmental impact. Energy efficiency is increasingly important for LEED
certification and corporate sustainability goals.
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4. TARGET APPLICATIONS AND MARKETS

4.1 Performing Arts and Entertainment

Theaters and Concert Halls

Professional performance venues demand the most sophisticated lighting control. LumiFree
addresses critical requirements:

» Silent operation during live performances

+ Dynamic beam adjustments synchronized with action

* Reliable operation through thousands of shows

* Compact fixtures that don't obstruct sight lines

Market Opportunity:

The global stage lighting market exceeds $3.5 billion annually, with theaters, concert halls,
and performing arts centers continuously upgrading technology. LumiFree offers capabilities
competitive with high-end motorized fixtures at reduced complexity and operating cost.

Broadcast and Film Studios

Studio lighting requires precise, repeatable beam control without acoustic contamination of
audio recordings. LumiFree's silent operation and digital positioning make it ideal for:

» Television production studios

» Film soundstages

* Podcast and streaming production facilities

» Corporate video production

4.2 Architectural and Commercial Lighting

Retail Environments

Retail lighting must highlight merchandise effectively while adapting to frequent display
changes. LumiFree enables:

» Dramatic accent lighting that adjusts as products change

* Dynamic window displays that capture attention

* Flexible gallery-style lighting for fashion, jewelry, and premium goods

+ Circadian-rhythm-optimized general lighting

Market Opportunity:

Retail lighting represents a $15+ billion global market. Premium retailers increasingly invest
in sophisticated lighting to enhance the shopping experience and support brand identity.
LumiFree offers flexibility previously requiring multiple fixture types.

Museums and Art Galleries

Museum curators demand precise, adjustable lighting with zero acoustic impact. LumiFree
addresses unique requirements:

* Reconfigurable lighting for rotating exhibitions

* Precise beam control to highlight individual artworks

+ UV filtering compatibility for conservation

» Silent operation preserving contemplative atmosphere
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Hospitality

Hotels, restaurants, and bars require lighting that transforms spaces throughout the day.
LumiFree enables:
» Restaurant lighting transitioning from bright lunch service to intimate dinner ambiance
» Hotel ballrooms reconfiguring between conference and banquet modes
» Bar and lounge lighting creating different moods for various events
* Lobby lighting adapting to natural light conditions

Office and Educational Facilities

Modern workplaces and learning environments benefit from tunable lighting:
+ Conference rooms optimizing lighting for presentations vs. video conferencing
» Classrooms adjusting for different teaching modes
» Libraries balancing task lighting and ambient conditions
» Circulation spaces using occupancy-adaptive lighting

4.3 Smart Buildings and loT Integration

Building automation systems increasingly control lighting based on:
» Occupancy sensors (narrow beams for task areas, wide beams for circulation)
» Daylight harvesting (adjusting artificial light distribution as natural light changes)
» Circadian rhythm optimization (tuning both color temperature and distribution)
+ Emergency egress (focusing light along exit paths during evacuations)

LumiFree's digital control interfaces can be integrated seamlessly with BACnet, LON, and
loT protocols, enabling sophisticated automated lighting strategies.

4.4 Specialty Applications

Aviation and Transportation

Aircraft cabin lighting, rail car interiors, and cruise ship public spaces require compact,
reliable, vibration-resistant lighting. LumiFree's solid-state design and compact form factor
are well-suited to transportation applications.

Healthcare

Examination rooms, patient recovery areas, and surgical suites benefit from adjustable
lighting that adapts to different procedures and patient comfort needs.

Residential Luxury

High-end residential projects increasingly feature sophisticated lighting control. LumiFree
enables:

* Home theater lighting optimized for viewing vs. ambient use

» Art collection lighting that adjusts to displayed pieces

« Dining room lighting transitioning through the meal experience

* Master suite lighting supporting circadian rhythm and mood
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5. INTEGRATION CONSIDERATIONS FOR FIXTURE
MANUFACTURERS

5.1 Optical Design Requirements

Critical: LED Source Beam Angle

LumiFree performance depends fundamentally on LED source beam angle. Optimal results
require 8-12° beam angle from the LED and primary optics before the LumiFree panel.

Why This Matters:
* Narrow source beam (8-12°): LumiFree can diffuse to 60°, providing 5x adjustment
range
»  Wide source beam (>15°): Light already diverging, LumiFree has limited effect

Fixture designers must specify or design LED collimation optics to deliver the 8-12° target.
This is achievable with TIR lenses, reflectors, or compound optical systems.

Optical Positioning

» Distance from LED: 20-50mm optimal (thermal and optical considerations)
* Alignment: Perpendicular to optical axis within £2°
* Centering: Active area centered on beam within £1mm

LumiFree O Path Arr

aaaaaaaaaaa

Wide Bearn

Figure 5.1: LumiFree Optical Path Arrangement

5.2 Thermal Management

Liquid crystal panels are temperature-sensitive. The LAM020 panel operates from -20°C to
+80°C, but optimal performance occurs at <65°C.

Design Guidelines:
* Maintain 20-50mm distance between LED heatsink and LC panel
* Provide convection cooling path (ventilation holes at top/bottom of fixture)
* Thermal barriers between LED and panel (air gap, low-conductivity materials)
* Monitor panel temperature during prototyping (thermocouple or IR camera)
* Target steady-state panel temperature <65°C for 15°C safety margin
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5.3 Mechanical Integration

Panel Mounting:
* Avoid applying pressure to glass surfaces or active area
» Use soft gaskets (silicone, foam) to prevent stress
+ Allow thermal expansion (do not over-constrain)
» Support edges without deforming panel

Cable Management:
* FPC cable minimum bend radius: 10mm
» Strain relief at connectors
+ Support cable along length to prevent vibration fatigue

5.4 Electrical Integration

Power Supply:
* 5V DC regulated supply, 500mA minimum capacity
* Ripple <50mVp-p for clean operation
» Can share supply with fixture control electronics

Control Interface:
I2C based on system architecture:
* [*C: Multi-drop bus, standard embedded protocol, <1m cable length

5.5 Design Validation

Recommended prototyping and testing process:

* Phase 1: Optical breadboard testing with target LED source (verify beam angle
range)

» Phase 2: Mechanical mockup (verify fit, alignment, cable routing)

* Phase 3: Thermal testing (measure LC panel temperature at max power, max
ambient)

» Phase 4: Functional prototype (integrate control system, verify user experience)

* Phase 5: Pre-production validation (reliability testing, regulatory compliance)
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6. BUSINESS CASE FOR ADOPTION

6.1 Total Cost of Ownership
Initial Cost

LumiFree component cost must be evaluated in the context of complete fixture design. Direct
component comparison shows:

LumiFree System Components:

e LAMO020 LC Panel with M972A driver board: [Price available on request]
e Simple mounting hardware (brackets, gaskets)

o Standard JST connectors and wiring

e No precision mechanical parts required

Motorized Zoom System Components:

e Stepper motor or servo motor: $15-50 (depending on precision/torque)
e Gear train or cam mechanism: $20-80 (precision machining)

e Motor driver electronics: $10-25

e Position sensors/encoders: $5-15

e Mounting brackets and linkages: $10-30

e Assembly labor: Higher complexity

Fixture-Level Cost Considerations:
The total cost comparison depends on fixture design complexity:

o Compact fixtures (track lights, small downlights): LumiFree may cost more per unit
due to panel cost, but eliminates mechanical assembly labor and simplifies fixture
design (thinner profile, lighter weight, simpler housing).

e Premium fixtures (theatrical, architectural): LumiFree is cost-competitive with high-
precision mechanical zoom systems, while offering performance advantages (silence,
speed, reliability) that justify equivalent or premium pricing.

o High-volume fixtures (commercial downlights): Initial component cost must be
weighed against total value proposition—simpler assembly, no mechanical
calibration, reduced warranty exposure from mechanical failures.

Honest Assessment:

We cannot claim LumiFree is universally cheaper in initial BOM cost. In many applications,
the LC panel and driver may represent a premium component cost compared to basic
motorized zoom. However, the value proposition lies in lifecycle cost, performance

advantages, and design freedom—not necessarily lowest initial component price.

For fixture manufacturers, the business case should be evaluated holistically:
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e Are you targeting premium market segments where performance justifies price?

o Will maintenance-free operation reduce warranty costs and service burden?

e Does silent operation enable entry to markets (theaters, museums) you couldn't serve
before?

e Can compact form factor enable new product designs competitors can't match?
Pricing Transparency:

Contact GRE Alpha for volume pricing based on your application and projected quantities.
Pricing varies with order volume, interface configuration, delivery schedule, and technical
support requirements.

Installation Cost

Installation cost is equivalent—both technologies require fixture mounting, power connection,
and control system integration. However, LumiFree's lighter weight and more compact form
factor can simplify mounting in weight-sensitive or space-constrained locations.

Operating Cost
Energy Consumption:

e LumiFree M972A: 1.0-1.5W typical operation (per specification)
e Motorized zoom systems: Consume power during movement and often maintain
holding torque to resist gravity and vibration

LumiFree's lower power consumption provides energy savings that accumulate over
thousands of operating hours. The magnitude of savings depends on:

e Motorized system type and power consumption
e Frequency of beam adjustments

e Operating hours per year

e Local energy costs

For large installations with hundreds of fixtures, even modest per-fixture savings become
significant at the facility level.

Maintenance Cost

Motorized Systems:

Mechanical zoom systems require periodic maintenance:
o Lubrication of moving parts (gears, linkages, motor bearings)
o Inspection for wear and proper operation

» Eventual motor or gear replacement as components wear
e Cleaning and adjustment to maintain smooth operation
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Maintenance frequency and cost depend on:

o Fixture quality and design

e Operating environment (dust, temperature, humidity)
o Usage intensity

o Labor rates (in-house staff vs. contractor)

LumiFree:
Solid-state design eliminates routine maintenance requirements:

e No lubrication needed (no moving parts)
e No motors to replace

e No gears or linkages to wear

e No mechanical adjustments required

Maintenance Cost Advantage:

The elimination of routine mechanical maintenance represents significant lifecycle cost
savings. While we cannot provide universal cost figures (actual savings vary too widely by
application), the advantage is structural and substantial:

e No scheduled maintenance labor

e No replacement parts for worn mechanical components
e Reduced service call frequency

o Lower spare parts inventory requirements

This maintenance-free characteristic is particularly valuable in applications where access is
difficult (high ceilings, outdoor installations) or where maintenance windows are limited
(24/7 operations, seasonal venues).

Downtime Cost
Failure Modes:
Motorized systems are subject to mechanical wear and failure:

e Motor burnout

e Gear stripping or jamming

e Mechanical binding from contamination or misalignment
o Position sensor failures

o Lubrication degradation

LumiFree's solid-state design eliminates these mechanical failure modes. While electronic
components can still fail, the absence of moving parts significantly improves reliability.
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Impact of Failures:
When fixtures fail, facilities experience:

e Loss of lighting capability (dark spots, inability to adjust beam angle)
e Service calls (technician dispatch, diagnosis, repair)

o Potential event disruption in performance venues

e Reputation and customer satisfaction impact

The frequency and cost of these failures varies widely based on fixture quality, operating
environment, and maintenance practices. LumiFree's improved reliability reduces—though
does not eliminate—these operational disruptions.

Reliability Advantage:

The fundamental advantage is qualitative rather than quantitative: fewer moving parts means
fewer ways to fail. This translates to:

e Reduced service call frequency

o Lower spare parts requirements

e Improved operational continuity

e Reduced warranty exposure for fixture manufacturers

The value of this reliability advantage is highest in applications where downtime is
particularly costly: live performances, critical retail displays, museums with rotating
exhibitions, and installations with difficult access for repairs.

6.2 Differentiation and Market Positioning

For Lighting Manufacturers

LumiFree enables product differentiation in a competitive market:
« Market premium fixtures as 'silent tunable' or 'zero-maintenance dynamic'
» Enter noise-sensitive markets (theaters, museums) previously served only by
expensive specialized fixtures
» Create ultra-compact designs impossible with mechanical systems
« Offer digital integration features (loT, building automation) with solid-state reliability

For End Users

Facilities managers, architects, and lighting designers gain:
* Lower total cost of ownership
» Improved occupant experience (silent operation)
* Reduced maintenance burden and unplanned downtime
» Greater design flexibility (compact, lightweight fixtures)
» Future-ready technology (digital, loT-compatible)
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6.3 Return on Investment

ROI Considerations:

Return on investment varies significantly by application, operating schedule, and existing
infrastructure. The following considerations provide a framework for evaluating LumiFree's
economic impact:

The business case for LumiFree adoption depends on your specific application and facility
requirements. Key factors to evaluate:

Cost Factors:

o Initial fixture cost (request quotes for your specific design)
o Installation complexity and labor

e Energy consumption over expected fixture lifetime

e Maintenance labor and parts replacement

o Downtime and service call frequency

Value Factors:

o Silent operation enabling use in noise-sensitive applications

o Design flexibility from compact, lightweight form factor

o Reliability improvements and reduced operational disruption

e Market differentiation for premium product positioning

o Ability to serve applications previously requiring multiple fixture types

Application-Specific ROI:
The return on investment varies significantly by application type:

o Performance venues: Silent operation and reliability may justify premium pricing
through improved audience experience and reduced maintenance burden

o Retail and hospitality: Flexibility to reconfigure lighting without fixture replacement
provides value that accumulates over years of changing displays and layouts

e Museums and galleries: Ability to adjust lighting for rotating exhibitions eliminates
costs of fixture repositioning and replacement

e Outdoor installations: Maintenance-free operation in difficult-access locations
(landscape, architectural) reduces expensive service calls

Developing Your Business Case:
Contact GRE Alpha to discuss your specific application. We can help you:

o Estimate component costs for your fixture design
o Identify relevant comparison points with current technology
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e Understand which value factors matter most for your market
e Connect you with early adopters in similar applications

7. TECHNOLOGY ROADMAP AND FUTURE
DEVELOPMENT

7.1 Current Products:

LAMO020 (® 50mm Active Area)

e Optimized for compact fixtures: track lighting, accent lights, small downlights (2-3
inch aperture), theatrical fixtures

e Panel dimensions: 61.2 x 61.2 x 4.45mm (octagonal)

o Ideal for applications requiring tight beam control in space-constrained designs

LAMO041 (® 105mm Active Area)

e Designed for larger fixtures: 4-6 inch recessed downlights, large track and pendant
fixtures, moving head theatrical fixtures, high-bay commercial and industrial lighting

e Provides beam control for higher-lumen LED sources requiring larger aperture optics

e Enables LumiFree integration in fixture categories previously limited by the 50mm
panel size

7.2 Planned Product Extensions

Custom Panel Sizes: For fixtures 12 inches and larger, GRE Alpha/JDI can manufacture
custom LumiFree panels up to 300mm (11.8 inches) diameter. Custom development
enables optimal integration for large-format architectural, high-bay, and specialty lighting
applications. As LP panel development requires extensive technical review for cost and
viability, custom inquiries need to be investigated on a case by case basis.

e Availability timeline: Contact GRE Alpha for current development status

Custom Form Factors

GRE Alpha, in partnership with Japan Display Inc. (JDI), provides comprehensive custom
development and integration services for LumiFree technology. This partnership combines
JDI's LCD manufacturing expertise with GRE Alpha's lighting industry knowledge and
engineering capabilities.

GRE Alpha Integration Services:
GRE Alpha offers turnkey engineering and integration services to accelerate LumiFree
adoption for OEM lighting manufacturers:
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Complete Fixture Development:

. Full fixture design services incorporating LumiFree technology per customer
specifications

. Optical design optimization (LED selection, collimation, LumiFree positioning)

. Mechanical integration (panel mounting, thermal management, housing design)
. Ready-to-manufacture fixture designs delivered to OEM customers

Subassembly Solutions:

GRE Alpha develops complete LumiFree-based subassemblies that OEMs can integrate into
their existing fixture platforms:

. LED driver integration (constant current drivers matched to LED specifications)
. Control technology integration:

Bluetooth Low Energy (BLE) wireless control

DMX512 theatrical/architectural control

DALI dimming and addressable control

0-10V analog dimming interfaces

Proprietary control protocols per customer requirements

. M972A driver board configuration and programming

. Complete tested subassemblies with documented integration specifications

O O0OO0OO0Oo

Engineering Support:
. Application engineering consultation and fixture feasibility analysis

. Prototype development and optical validation

. Design for manufacturing (DFM) optimization

. Technical documentation and integration guides

. Production support and supply chain management

This turnkey approach enables OEM customers to rapidly incorporate LumiFree beam
control into their product lines without requiring in-house expertise in liquid crystal
technology or low-level driver integration.

Minimum order quantities and development timelines vary based on customization
requirements. Contact GRE Alpha for feasibility discussions and custom development
inquiries.

7.3 Performance Enhancements

LumiFree technology continues to evolve as liquid crystal materials, electrode designs, and
optical coatings advance. Japan Display Inc. maintains active R&D programs exploring
performance enhancements in areas including response time, beam angle range, transmittance
efficiency, and environmental operating range.

Specific development roadmap details are available under NDA for qualified partners
engaged in multi-year product planning.

GRE Alpha works closely with fixture manufacturers to understand market requirements and,
in conjunction with JDI development teams, develops customer specific solutions. If your
application would benefit from specific performance characteristics beyond current
specifications, we encourage early discussion to inform future product development
priorities.
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7.4 Integration and Control

LumiFree's digital control interface (I*C) provides the foundation for integration with
emerging building automation and IoT platforms. As lighting control systems evolve toward
cloud-based management, wireless protocols, and data-driven optimization, LumiFree's solid-
state digital architecture positions it well for these developments.

Current M972A drive board supports standard embedded control protocols. Future drive
board generations may incorporate enhanced connectivity options based on market demand
and standards evolution.

Fixture manufacturers and system integrators developing advanced control features should
contact GRE Alpha to discuss integration requirements and interface specifications.
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8. CONCLUSION

8.1 Summary of Benefits

LumiFree technology represents a genuine breakthrough in lighting control. By eliminating
mechanical movement and leveraging solid-state liquid crystal optical modulation, LumiFree
delivers capabilities that redefine what's possible in dynamic lighting:

+ Silent operation enables use in noise-sensitive environments previously off-limits to
dynamic lighting

» Instant response creates new possibilities for choreographed, animated, and
adaptive lighting

* Maintenance-free operation dramatically reduces lifecycle cost and operational
burden

» Compact form factor liberates industrial designers from mechanical constraints

» Digital control integrates seamlessly with modern smart building and loT systems

» Energy efficiency contributes to sustainability goals and reduces operating cost

8.2 Market Readiness

LumiFree technology has progressed from laboratory concept to production-ready solution.
The LAM020 and LAMO041 panels, along with M972A driver board are available now for
fixture integration. GRE Alpha provides comprehensive technical support including:
* Application engineering assistance
Integration design reviews
Prototype development support
Testing and validation guidance
Production qualification

8.3 Call to Action

For Lighting Manufacturers

LumiFree offers a competitive advantage in an increasingly commoditized market. Early
adopters will establish market position as innovators in silent, tunable lighting. We invite you
to:

Request evaluation samples for prototyping

Schedule application engineering consultation

Explore co-development opportunities for custom solutions

Discuss volume pricing and supply agreements

For System Integrators and Specifiers

If you're designing lighting for theaters, museums, galleries, retail, or hospitality projects
where silence, reliability, and flexibility are paramount, LumiFree delivers unprecedented
performance. We can:

» Provide fixture recommendations from our partner manufacturers

»  Support custom fixture development for unique projects

» Offer technical specifications and photometric data for your designs

» Coordinate with architects, consultants, and contractors
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For Investors and Strategic Partners

The dynamic lighting market is experiencing rapid growth. LumiFree technology addresses
real pain points with a solution that delivers measurable value. We welcome discussions
regarding:

» Strategic partnerships and distribution agreements

* Investment opportunities to accelerate market penetration

» Technology licensing for specific markets or applications

» Joint development of next-generation products

8.4 Contact Information

GRE Alpha Electronics Ltd.

USA Sales Office

www.grealpha.com

Email: info@grealpha.com

Sales: sales@grealpha.com

Technical Support: technical-support@grealpha.com

"The future of lighting control is solid-state, silent, and smart. The future
is LumiFree."
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APPENDIX: TECHNICAL SPECIFICATIONS

LumiFree LAMO020 Panel

Parameter

Specification

Active Area

®50.0mm (circular)

Panel Dimensions

61.2 x 61.2 x 4.45mm (octagonal)

Weight

=~32¢g (panel + interface board)

Control Channels

4 (X/Y independent)

Control Resolution

8-bit (256 steps) per axis

Beam Angle Range

12° to 60° (with 8-12° LED source)

Transmittance (OFF)

75-85% typical

Transmittance (ON)

8-10% typical

Response Time <1 second
Operating Temperature -20°C to +80°C
Storage Temperature -20°C to +80°C

Humidity

60+15% RH

Lifetime

>50,000 hours

LumiFree LAM041 Panel

Parameter

Specification

Active Area

®105.0mm (circular)

Panel Dimensions

116.2 x 116.2 x 4.45mm (octagonal)

Weight

Typ. 120g (panel + interface board)

Control Channels

4 (X/Y independent)

Control Resolution

8-bit (256 steps) per axis

Beam Angle Range

12° to 60° (with 8-12° LED source)

Transmittance (OFF)

75-85% typical

Transmittance (ON)

8-10% typical

Response Time

<1 second
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Parameter Specification
Operating Temperature -20°C to +80°C
Storage Temperature -20°C to +80°C

Humidity

60+15% RH

Lifetime

>50,000 hours

M972A Driver Board

Parameter Specification
Dimensions 45 x 45 x 6.7mm
Weight 7+0.7g

Mounting Holes

4x M2.5 screws (36.2mm x 36.2mm
spacing)

Input Voltage

297V to 5.5V DC

Current Consumption

200-300mA typical, 350mA max

Power Consumption

1-2W typical

Control Interface

12C

I12C Address

0x71 (7-bit), OXE2/0XE3 (8-bit)

I2C Speed

Up to 400kHz (Fast Mode)

Operating Temperature

-20°C to +70°C

Storage Temperature

-20°C to +80°C

*Please note that clock stretch function must be used.
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