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1. INTRODUCTION

1.1 Purpose

This Application Note provides comprehensive technical guidance for integrating LumiFree™
electrically tunable light shaping panels into LED lighting fixtures. It covers mechanical,
electrical, optical, and thermal design considerations to help lighting manufacturers
successfully implement dynamic beam control in their products.

1.2 Target Audience

This document is intended for:

Lighting fixture designers and engineers
Optical engineers

Electrical engineers

Product development teams

Technical decision-makers

1.3 Document Scope

This document covers:

LumiFree technology principles

System architecture and components

Integration guidelines for mechanical, electrical, and optical design
Control implementation with M972A drive board

Testing and validation procedures

Troubleshooting common issues

1.4 Related Documents

LumiFree LAMO020 Datasheet (GREalpha_LumiFree_50mm_rev_A.pdf)
PWB_UNIT_M972A Specification
(PWB_UNIT_M972A_SPECIFICATION_250709_Rev 1.0)

LumiFree Technical Presentation (LumiFree Tech Presentation_ GRE
Alpha_JDI_Partners)
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2. LUMIFREE TECHNOLOGY OVERVIEW

2.1 What is LumiFree?

LumiFree is an electrically tunable light shaping panel that uses liquid crystal (LC)
technology to dynamically control the light distribution characteristics of LED lighting fixtures.
Unlike traditional mechanical solutions (shutters, gimbals, zoom lenses), LumiFree provides
silent, compact, and maintenance-free beam angle control.

Key Innovation: LumiFree applies liquid crystal technology—traditionally used for
displays—to lighting applications, enabling digital control of light distribution without any
moving parts.

2.2 Technology Principles

Liquid Crystal Optical Modulation:
LumiFree controls light distribution by modulating the refractive index of liquid crystal
molecules through applied voltage:
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)

|_(:{C:>C:>C:>C:>C:> T =S 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
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2.3 Key Features and Benefits

Digital Light Beam Shaping:
* Independent X/Y-axis control for beam spread and directionality
*  Asymmetric beam patterns possible
* Dynamic adjustment during operation
Precise Control Resolution:
»  8-bit (256-level) modulation per axis
» Smooth transitions between beam angles
* Repeatable and programmable settings
No Mechanical Parts:
» Silent operation (0 dB acoustic noise)
+ Compact form factor
* Maintenance-free (no motors, gears, or mechanical linkages)
+ High reliability and long service life
Wide Beam Angle Range:
» Typical range: 12° to 60° (half-illuminance angle)
* Depends on LED source characteristics
+ Continuous adjustment across full range
Fast Response Time:
+ Typical transition time: <1 second
» Suitable for dynamic lighting effects
* Real-time adjustment capability
Environmental Compliance:
*  RoHS compliant
* UL recognized components
« Suitable for commercial lighting applications

2.4 How LumiFree Differs from LCD Displays

While LumiFree uses liquid crystal technology similar to LCD displays, the application and
design are fundamentally different:

Aspect LCD Display LumiFree Light Control
Purpose Control light transmission Control light distribution
(on/off per pixel) (beam shaping)
Structure TFT array + RGB color Specialized electrode
filters patterns optimized for
lighting
Light Source Backlight (uniform High-intensity LED
illumination) (directional beam)
Control Pixel-by-pixel addressing Zone-based beam control
(X/Y axes)
Polarizers Cross-polarizers No use of polarizers
(block/pass light)
Application Image/video display Dynamic beam angle
control
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3. SYSTEM ARCHITECTURE

3.1 Complete System Components

A complete LumiFree-enabled lighting fixture requires the following components:
1. LumiFree LC Panel (LAMO020)
* Active area: ®50mm
* Panel dimensions: 61.2 x 61.2 x 4.45 mm
* |/O interface dimensions: 131.6 x 61.2 x 6.7 mm
* 4-channel LC control (Ch1-Ch4 for X/Y axes)
. LumiFree Driving Board (M972A) - Included with LC Panel
* Dimensions: 45.0 x 45.0 x 6.7 mm
* Input voltage: 2.97V to 5.5V DC
» Control interface: I>C (factory configured)
* Generates LC drive signals from digital commands
Customer-Supplied Components:
. AC/DC Power Supply
* Input: AC mains (120V/240V)
*  Output: 5V DC (minimum 350mA for M972A + LED driver current)
» Voltage ripple: <50mVp-p recommended
b. LED Driver/COB Driver
» Constant current LED driver
* Integrated with fixture power supply or separate module
* Dimming interface (PWM, 0-10V, DALI, etc.) as required
. LED Module/COB
+ Recommended beam angle: 8-12° (critical for optimal LumiFree performance)
» Color temperature and CRI per application requirements
» Thermal design compatible with fixture
d. Control System
Options include:
*  DMX512 controller
* DALI controller
* Bluetooth Low Energy (BLE) module
*  Wi-Fi module
* Proprietary control system
Manual controls (potentiometers, switches)
Interfaces with M972A via I1°C
e. Fixture Housing and Optics
* Mechanical housing for all components
» Lens/optical system (if required)
« Thermal management (heatsink, ventilation)
* Mounting hardware

N

D 0

(2]

3.2 System Block Diagram

The following diagram illustrates the complete system architecture and signal flow:
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LumiFree System Block Diagram

AC Mains > AC/DC Power
100-240V Supply (5V DC) M9O72A LumiFree
LC Driver Board LC Panel
45x45mm 050mm Active
2C/UAR
Control System
DVX512
Bluetooth LE
LED Driver > LED Module
Constant Current 8-12° COB
Legend:

= Power Connection

b= Control Signal

Light Path

Figure 3.1: LumiFree System Block Diagram

Signal Flow:
* Control system receives user input (wireless, wired, or manual)
Control system sends I°C commands to M972A
M972A generates 4-channel LC drive signals
LC panel modulates light distribution
LED driver provides constant current to LED
Light passes through LC panel with controlled beam angle

3.3 Electrical Interfaces

M972A Drive Board Connectors:
CNO0O01 - DC Power Input (2-pin JST PH connector)

* Pin1: VCC (2.97V to 5.5V)

* Pin2: GND
CNO0O02 - I2C Control Interface (3-pin JST PH connector)

I2C Mode:

* Pin 1: SCL (clock) - 4.7kQ pull-up to VCC

+ Pin 2: SDA (data) - 4.7kQ pull-up to VCC

+ Pin 3: GND
CNOO3 - LC Panel Drive Signals (8-pin JST PH connector)

* Pins 1-4: AMPOUT1-4 (LC Ch1-4 for first relay board)

* Pins 5-8: AMPOUT5-8 (LC Ch1-4 for second relay board)
Dual connector allows driving two LC panels from one M972A
Important Notes:

*  Pull-up resistors are integrated on M972A board

+ Additional external pull-ups should reference the same VCC as M972A

¢ Connector manufacturer: J.S.T. MFG. CO., LTD.
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4. MECHANICAL INTEGRATION GUIDELINES

4.1 Component Dimensions

LumiFree LC Panel (LAM020):
* Active area: 50.0mm (circular)
* Panel only: 61.2 x 61.2 x 4.45mm (octagonal)
*  With I/O interface: 131.6 x 61.2 x 6.7mm
+  Weight: ~50g (panel + relay boards + FPC)
M972A Drive Board:
» Dimensions: 45.0 x 45.0 x 6.7mm
* Mounting holes: 4x M2.5 screws (center-to-center spacing: 36.2mm x 36.2mm)
» Connector height: 5.85mm maximum
* Mounted components height: 2.1mm maximum (excluding connectors)
+ Weight: 7 g
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Figure 4.1: M972A Drive Board Mechanical Drawing Dimensions in millimeters.
Drawing shows mounting hole locations, connector positions (CN0OO1: power, CN0O02:
control, CN0OO3: LC panel output), and component height restrictions. Center-to-
center mounting hole spacing is 36.2mm x 36.2mm. Board dimensions: 45£0.3mm %
45+0.3mm.

Clearance Requirements:
*  Minimum 2mm clearance around LC panel for thermal expansion
*  Minimum 5mm clearance from high-temperature components (>70°C)
* FPC cable bend radius: minimum 10mm

4.2 Positioning in Optical Path

Critical Design Rule: LumiFree must be positioned after the LED and any primary optics
(reflector, lens) and before any secondary optics or diffusers.

Typical Optical Arrangement:

[LED] — [Primary Lens/Reflector] — [LumiFree Panel] — [Optional Secondary Optics] —
[Output]

**Note: Installing glare-cut structures or honeycomb louvers downstream of LumiFree could
limit the light diffusion capability.

Distance from LED:
* Recommended: 20-50mm from LED source
* Too close (<15mm): Risk of heat damage and uneven illumination
» Too far (>100mm): Light utilization efficiency decreases because light tends to leak
outside the effective area
» Optimal distance depends on LED beam angle and desired output
Alignment:
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» LC panel active area must be centered on optical axis
* Perpendicular to light path (within £2°)
» X/Y axes aligned with desired beam control directions
LED Source Requirements:
+ Recommended initial beam angle: 8-12° (critical specification)
* Narrower beam (<8°): Excellent control range but requires precise alignment
* Wider beam (>15°): Reduced beam angle control range and control effectiveness
» COB or single-die LED preferred for uniform illumination
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Generic LumiFree Fixture - Exploded Assembly View

(Electrical & Optical Components - Reference only, not to scale)

Protective Lens/Cover

UV Glass Filter
UV Protection
Blocks <400nm

LumiFree LC Panel
61.2x61.2mm
FPC Cable +

@00

20-50mm
critical
Primary Opti&/l%ens

Collimating Lens
— 2-12° output

LED COB Module
8-12° beamn aM@atilation
required

LED Heatsink

M972A Driver Board

- Control PCB

AC/DC Power Supply
5V DC Output

Fixture Housing Base

Figure 4.2: Generic LumiFree Fixture - Exploded Assembly View
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LumiFree Optical Path Arrangement

Narrow Beam
(Step O ~12°)

Primary Lens
LumiFree LC Panel
O0SOmm Active Area

Wide Beam

Figure 4.3: LumiFree Optical Path Arrangement

4.3 Mounting Methods

Panel Mounting Options:
1. Bracket Mounting:
» Custom brackets attach to panel edges
* Avoid applying pressure to active area
» Use soft gaskets (silicone, foam) to prevent stress
» Tighten screws to snug fit only (no overtightening)
2. Bezel/Retaining Ring:
+ Circular or octagonal retaining ring
» Captures panel edges without deforming
» Allows thermal expansion
3. Adhesive Mounting:
» Use flexible adhesive (silicone-based)
» Apply only to non-active border area
» Test adhesive compatibility with LC panel materials
» Consider thermal expansion mismatch
Critical Mounting Rules:
» Never apply pressure to panel surface or active area
* Avoid warping, twisting, or bending the panel
* Do not over-constrain (allow thermal expansion)
» Support panel weight without deforming glass substrates
* Provide vibration damping if fixture subject to shock/vibration
M972A Drive Board Mounting:
* Mount to fixture chassis using M3 screws (4 mounting holes)
» Position for short cable runs to LC panel (<150mm)
* Provide adequate ventilation (convection cooling)
* Avoid mounting near high-temperature components
Note: If longer that 150mm cable runs are required for a specific application, please
contact GRE Alpha for review.

4.4 Cable Management

FPC (Flexible Printed Circuit) Handling:
» FPC connects M972A to LC panel relay boards
*  Minimum bend radius: 10mm
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* Avoid sharp bends, twists, or kinks

» Support cable along its length (cable ties, routing channels)

» Strain relief at connectors (stress-relief boots recommended)
Harness Routing:

* Route power and control cables separately from high-voltage AC

* Use shielded cables for I>C if EMI environment

*  Minimum 10mm separation from AC wiring

» Secure with cable ties or routing clips
Connector Protection:

+ JST PH connectors have limited mating cycles (~50 cycles)

» Design for minimal connect/disconnect in field

» Consider potting or strain relief for high-vibration applications

4.5 Environmental Protection

Operating Environment:

» Operating temperature: -20°C to +80°C (LC panel), -20°C to +70°C (M972A)

» Storage temperature: -20°C to +80°C

* Humidity: 60+15% RH (standard inspection conditions)

* No condensation or freezing allowed

Outdoor/Harsh Environment Applications:

» Use protective cover for LC panel (UV-resistant polycarbonate or glass)

+ UV protection: Filter wavelengths <390nm (LC material UV-sensitive)

» Sealed enclosure for M972A (IP65+ recommended)

« Conformal coating on M972A for moisture protection

» Desiccant packs to control humidity

UV Protection:
LumiFree LC materials are sensitive to UV radiation. For outdoor applications or fixtures with
UV-emitting light sources:

e Install a UV-blocking element (e.g., UV-cut film, UV-absorbing polycarbonate, UV-
blocking glass, or a UV-absorbing coating) between the UV light source and the LC
panel.

e Use a UV cut-off of <390nm.

Copyright © 2025 GRE Alpha Electronics Ltd. All rights reserved. | Page 13



*+GRE

i ™ i i _ -
Electronics Ltd LumiFree™ Application Note AN-LF-001

5. ELECTRICAL INTEGRATION

5.1 Power Supply Requirements

M972A Drive Board:
* Input voltage: 2.97V to 5.5V DC
»  Current consumption: Max 350mA
» Power supply ripple: Max 200mV p-p
* Inrush current: Max 1200mA
Power Supply Recommendations:
* Use regulated 5V DC supply (tolerance +5%)
*  Minimum capacity: 500mA (M972A + margin)
» Additional capacity for LED driver and control system as required
» Separate supply or shared bus with adequate current capacity
Note: To ensure product safety, the current supply capacity of the customer’s power
supply to the product should be 2A or more (to allow the internal fuse of the product
to blow in the event of an abnormality), or 350mA to 450mA or less.
Power-On Sequence:
Time = 0ms: VCC rise and fall time (2V/100us max, 2V/10ms min slew rate)
Time = 0-150ms: M972A initialization (no 1?*C communication)
Time > 150ms: Normal operation (ready for commands)
Power-Off Sequence:
* No specific sequence required
*  MO972A shuts down gracefully on VCC loss
» Settings are not retained after power loss (volatile)
Important Timing Requirements:
» VCC rise/fall time: Slower than 2V/100us (avoid fast transients)
+ Initialization time: Maximum 150ms from VCC turn-on
* [*C access: Wait minimum 150ms after VCC reaches minimum voltage
* LED turn-on delay: Recommended minimum 150ms after VCC (allows LC panel to
initialize before light output)

5.2 Control Interface Selection

The M972A drive board only supports I12C at this time. The interface is factory-configured and
cannot be changed in the field.
I2C offers:
*  Multi-drop bus (multiple devices on same bus)
Standard embedded system interface
Shorter cable lengths (<1m)
Lower EMI requirements
Industry-standard protocol (widely supported)

5.3 I?C Interface

Electrical Specifications:

* Protocol: I?C Fast Mode (up to 400kHz)

* Device address: 0x71 (7-bit), OXE2 (8-bit write), OXE3 (8-bit read)

* Pull-up resistors: 4.7kQ to VCC (integrated on M972A)

* Clock stretching: Used (M972A may hold SCL low during processing)
Pin Connections (CN002):

« Pin 1: SCL (I*C clock)

* Pin 2: SDA (I*C data)
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+ Pin 3: GND
External Pull-Up Resistors:
*  MO972A includes 4.7kQ pull-ups to VCC
» If customer system adds external pull-ups, ensure they reference the same VCC as
M972A
» Effective pull-up resistance: R _total = (R1 x R2)/ (R1 + R2)
* Forlong cables or high capacitance, stronger pull-ups (2.2kQ) may be needed
I’C Write Command (Set Beam Angle):
Format:

[START] [Device Address + W] [ACK] [Sub-Address] [ACK] [Y-Diffusivity]
[ACK] [X-Diffusivity] [ACK] [STOP]

Example: Set beam angle to X=128, Y=192
[START] [0xE2] [ACK] [0x00] [ACK] [0xCO] [ACK] [0x80] [ACK] [STOP]

I’C Read Command (Read Current Settings):
Format:

[START] [Device Address + W] [ACK] [Sub-Address] [ACK]
[REPEATED START] [Device Address + R] [ACK]

[Sub-Address] [ACK] [Y-Diffusivity] [ACK] [X-Diffusivity] [NACK] [STOP]

Example: Read current settings

[START] [0xE2] [ACK] [0x00] [ACK]

[Sr] [0xE3] [ACK]

[0x00] [ACK] [Y-value] [ACK] [X-value] [NACK] [STOP]

I2C Protocol Details:
* Sub-Address: Always 0x00 for beam angle control
Y-Diffusivity sent first, then X-Diffusivity (note the order
Y-Diffusivity: 0x00 to OxFF (0 = narrowest, 255 = widest)
X-Diffusivity: 0x00 to OxFF (0 = narrowest, 255 = widest)
ACK/NACK: M972A acknowledges valid commands; host sends NACK after last byte
read
» Error Handling: If incorrect data length or invalid sub-address, command is ignored
Important I°C Notes:
* All command bytes must be present; incomplete commands are discarded
Settings apply immediately (transition time <1s)
Settings are volatile (lost on power-down)
Default values after power-up: Y=0, X=0 (narrowest beam)
Y-axis data is sent before X-axis data

5.4 Grounding and EMI Considerations

Grounding:
+ Connect M972A GND to fixture chassis ground (single-point ground)
* Avoid ground loops (ensure all grounds connect at one point)
* Use star grounding topology for low-noise performance
EMI Mitigation:
Route I?C signals away from high-current LED driver traces
Use twisted pair for SCL/SDA or Rx/Tx (reduces crosstalk and EMI pickup)
Shielded cable recommended for cable lengths >300mm
Ferrite beads on I?C lines if EMI issues observed
» Separate digital ground plane from high-power ground plane if possible
Power Supply Filtering:
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* Add 10uF + 0.1uF ceramic capacitors at M972A VCC input (very close to CN001)
* Use low-ESR capacitors

» Additional filtering if sharing supply with noisy loads (LED dimming, motors, etc.)

M972A Driver Board Connection Diagram

Control System

1°C Master

sc
4.7k ;%uu up’ﬂ s} Bated

Np0OZ (3-pin Control)

CNOO3
(8-pin LC Output)

1 ‘
- I umiFree

LC Panel

VCC (+5V)
v DC M972A

ower Supply LC Driver Board

45x45mm

Wire Color Code:
Bl sy vee Power
- GND Ground
B scL ¢ clock
B spa i°c Data

All connectors: JST PH series

Ensure proper polarity before connecting

Figure 5.1: M972A Drive Board Connection Diagram
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6. OPTICAL DESIGN CONSIDERATIONS

6.1 LED Source Selection

Critical Specification: LED Beam Angle

The LED source's initial beam angle is the most important factor determining LumiFree's
beam control range and effectiveness.

Recommended LED Beam Angle: 8-12°

LED Beam Angle LumiFree Performance Recommendation

6-8° Excellent control range Recommended for
(narrow to very wide), premium fixtures with tight
requires precise alignment tolerances

8-12° Optimal balance of control Strongly recommended for
range and ease of most applications
alignment

12-15° Good control, slightly Acceptable, but test before
reduced maximum beam committing

angle control range

>15° Limited control Not recommended
effectiveness, reduced
beam angle range

Why Initial Beam Angle Matters:
+ Narrow beam (<12°): LumiFree has more 'room' to diffuse light, achieving wider final
beam angle
+ Wide beam (>15°): Light already diverging significantly; LumiFree has less effect,
limiting maximum beam angle control range
* Analogy: Easier to widen a narrow beam than to further widen an already-wide beam
LED Type Recommendations:
» COB (Chip-on-Board): Excellent uniformity, preferred for high-quality fixtures
+ Single-die high-power LED: Good performance, ensure uniform illumination
* Multi-chip arrays: Acceptable if optically combined into uniform source
« LED modules with integrated TIR optics: Can work well if beam angle in 8-12° range

6.2 Beam Angle Control Range
Typical Performance (with 8-12° LED source):

Copyright © 2025 GRE Alpha Electronics Ltd. All rights reserved. | Page 17
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Electronics Ltd
LumiFree Beam Angle Control Range (256 Steps)

Step O Step 64 Step 128 Step 192 Step 255

Surface Distance: 3 meters

Figure 6.1: LumiFree Beam Angle Control Range (256 Steps)

Step Value Half-llluminance 1/10-llluminance
Angle Angle
0 12° 22°
64 19° 43°
128 25° 53°
192 37° 76°
255 60° 106°
70
60
E] 50
10
) . o - il
Step Value (0 - 255)

Figure 6.1: LumiFree Beam Angle Control Range (256 Steps)
Note: The relationship between step value and beam angle is non-linear, as shown in the graph. The
half-illuminance angle increases gradually at lower step values and more rapidly at higher step
values. This provides finer control in the narrow beam range and broader adjustment capability in the
wide beam range.
Definition:
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+ Half-llluminance Angle: Angle at which illuminance is 50% of center beam
* 1/10-llluminance Angle: Angle at which illuminance is 10% of center beam
Control Resolution:
» 256 steps per axis (8-bit resolution)
» Smooth, continuous adjustment across full range
Asymmetric Beam Patterns:
LumiFree supports independent X and Y axis control, enabling:
+ Elliptical beam patterns (e.g., X=50, Y=150)
+ Wall-washing effects (wide in one direction, narrow in perpendicular)
» Custom beam shapes for specific applications

6.3 Light Output and Efficiency

Transmittance:
* OFF state (step 0): 75-85% typical (typ. 80%)
* ON state (step 255): 8-10% typical (typ. 9%)
Luminous Flux Reduction:
LumiFree introduces approximately 20% light loss in the OFF state due to:
» Reflection at glass surfaces (~10%)
* Absorption in LC material (~5%)
» Scattering caused by structure (~5%)
Important Efficiency Note:
While transmittance drops to ~9% in ON state (maximum diffusion), this does NOT represent
efficiency loss in the traditional sense:
» Light is redirected (diffused), not absorbed
+ Total luminous flux remains relatively constant across beam angles
» llluminance at center decreases, but illuminated area increases proportionally
» Useful lumens in application remain high

6.4 Color Rendering

Impact on Color Quality:
LumiFree has minimal impact on color rendering properties:

Configuration Ra R9 Notes

LED only 94 .1 58.8 High-CRI LED
source (reference)

LumiFree OFF 93.3 55.1 Slight decrease (~1
point)

LumiFree ON 93.2 54.3 Minimal additional
change

Note: This is an example only; values may vary depending on the LED used.

6.5 Optical Design Best Practices

* Minimize Interfaces: Each additional optical element adds loss and reduces contrast
+ Alignment Precision: Center LumiFree on optical axis (tolerance: £1mm)
» Stray Light Control: Use baffles or light traps for light bypassing LumiFree
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* Testing and Validation: Measure beam angle at multiple step values
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7. THERMAL MANAGEMENT

7.1 Operating Temperature Ranges

Component Operating Range Target Range
LumiFree LAM020 -20°C to +80°C -10°C to +65°C
M972A Drive Board -20°C to +70°C 0°C to +60°C

7.2 Heat Sources in Fixture

+ LED/COB (typically 5-25W thermal dissipation)
« LED driver (typically 5-10% of LED power)
+ M972A drive board (1-2W typical)

7.3 Thermal Design Guidelines

Maintain 20-50mm distance between LED and LumiFree

Provide convection cooling path (ventilation holes, chimney effect)
Target LC panel temperature: <65°C (provides 15°C margin)

Use thermal modeling (CFD simulation) for complex designs

7.4 Thermal Testing

Prototype Testing Procedure:
» Install thermocouples on LC panel surface, M972A, LED junction
» Operate fixture at maximum power
* Record temperature every 5 minutes until steady-state
» Verify LC panel temp <80°C (preferably <65°C)
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8. CONTROL IMPLEMENTATION

8.1 Control System Architecture

A typical LumiFree control system consists of:
» User Interface (mobile app, wall controller, remote control)
» Control Protocol Converter (translates high-level protocol to I12C)
* MO972A Drive Board (receives commands, drives LC panel)

8.2 Microcontroller Implementation Examples

Example 1: I?°C Control (Arduino/C)
#include <Wire.h>

#define LUMIFREE ADDRESS 0x71

void setBeamAngle (uint8 t y diffusion, uint8 t x diffusion) {
Wire.beginTransmission (LUMIFREE ADDRESS) ;
Wire.write (0x00); // Sub-address
Wire.write(y diffusion);
Wire.write(x _diffusion);
Wire.endTransmission () ;

}

Example 2: DMX512 to I°C Converter
#include <DMXSerial.h>

#include <Wire.h>

void loop () {
uint8 t y dmx = DMXSerial.read(DMX START CHANNEL) ;
uint8 t x dmx = DMXSerial.read(DMX START CHANNEL + 1);
Wire.beginTransmission (LUMIFREE ADDRESS) ;
Wire.write (0x00);
Wire.write(y_dmx);
Wire.write(x dmx);

Wire.endTransmission();

8.3 Control Strategies

» Direct Mapping: User input maps directly to LumiFree step value

» Preset Scenes: Define preset beam angles for different scenes

« Dynamic Effects: Animated beam angle changes (breathing, random, music-reactive)
» Occupancy-Based Control: Adjust beam based on occupancy sensor input
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9. DESIGN PROCESS AND BEST PRACTICES

9.1 Design Flow

Phase 1: Requirements Definition
+ Define beam angle range, fixture form factor, power budget, environmental
conditions
» Select LED source with 8-12° initial beam angle
Phase 2: Optical Design
» Design LED optical system targeting 8-12° beam angle at LumiFree position
» Position LumiFree 20-50mm from LED, centered and perpendicular
Phase 3: Mechanical Design
+ Design fixture housing with proper clearances
» Create LumiFree mounting solution avoiding stress
* Plan thermal management (heatsink, ventilation)
Phase 4: Electrical Design
» Design 5V power supply for M972A
* Implement I>C control interface
Phase 5: Prototyping
* Build functional prototype
» Test thermal, optical, and electrical performance
Phase 6: Validation and Production
+ Comprehensive testing and reliability validation
» Regulatory testing (safety, EMC)
*  Production ramp

9.2 Common Design Pitfalls

Pitfall Solution

LED beam angle too wide (>15°) Specify 8-12° LED beam angle upfront

Insufficient thermal management Thermal modeling and early prototype
testing

Mechanical stress on LC panel Flexible mounting, soft gaskets, no

pressure on active area

Poor optical alignment Precision mechanical design with
alignment features

Inadequate power supply filtering 10uF + 0.1uF capacitors close to M972A
input
Ignoring initialization timing Wait minimum 150ms after VCC before

first command

FPC cable damage Minimum 10mm bend radius, strain relief
LED variability not tested Tight LED binning, test with multiple
samples

9.3 Design Validation Checklist
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Mechanical:
* LumiFree securely mounted without stress
*  Optical alignment within tolerance (x1mm position, £2° angle)
» FPC cable properly routed with strain relief
Thermal:
* LC panel temperature <80°C (preferably <65°C) at max conditions
Optical:
+ Beam angle range meets requirements
* Smooth transitions between step values
* Uniform illumination without artifacts
Electrical:
* VCC stable, low ripple (<50mVp-p)
* |2C communication reliable
» Power-up sequence correct (150ms delay)
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10. TESTING AND VALIDATION

10.1 Incoming Inspection

» Visual inspection for scratches, cracks, or defects
* FPC cable intact, connectors undamaged
+  M972A power-up test (no short circuit)

10.2 Optical Performance Testing

+ Beam angle measurement at key step values (0, 64, 128, 192, 255)
* Beam uniformity check for hot spots or asymmetry

» Color rendering measurement (chromaticity, CRI)

* Transition smoothness verification

10.3 Electrical Testing

» Power supply voltage and ripple measurement
*  Current consumption verification
» Control interface communication reliability

10.4 Thermal Testing

* Temperature measurement at LC panel, M972A, LED
» Steady-state operation test (1-2 hours)
» Verify temperatures within specifications

10.5 Environmental Testing

» Temperature cycling (-20°C to +70°C)
* Humidity testing (85% RH) for outdoor applications
» Vibration and shock (if applicable)

10.6 Reliability Testing

» Accelerated life testing at elevated temperature (1000+ hours)
» Thermal cycling (100+ cycles)
» High-temperature storage (+80°C, 500+ hours)

10.7 Production Testing

Factory Testing (Every Unit):
* Visual inspection
* Power-on test
* Functional test: Cycle through beam angle settings
« Final inspection
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11. TROUBLESHOOTING GUIDE

11.1 LumiFree Does Not Respond to Commands

Symptoms: Beam angle does not change when commands sent
Possible Causes and Solutions:
* Communication not established: Verify VCC, ground, I>)C wiring
+ Commands sent too early: Add 150ms delay after power-up
* Incorrect I?°C address: Use address 0x71 (7-bit)

11.2 Beam Angle Does Not Reach Expected Range

Symptoms: Maximum beam angle narrower than expected
Possible Causes and Solutions:
+ LED beam angle too wide (>15°): Use LED with 8-12° beam angle
* LumiFree misaligned: Realign panel perpendicular to optical axis
» Distance incorrect: Adjust to 20-50mm from LED
» Secondary optics interfering: Remove or redesign secondary optics

11.3 Beam Uniformity Issues

Symptoms: Hot spots, rings, or patterns in beam
Possible Causes and Solutions:
* LED illumination non-uniform: Use COB or high-quality LED
* LC panel stress: Remount with less mechanical constraint
» Contamination on surfaces: Clean with isopropyl alcohol
» Optical misalignment: Realign and secure panel

11.4 Intermittent Operation or Communication Errors

Symptoms: LumiFree occasionally does not respond

Possible Causes and Solutions:

Power supply ripple/noise: Add filtering capacitors

EMI interference: Use shielded cables, add ferrite beads
Loose connections: Inspect and reseat connectors

FPC cable damaged: Replace LumiFree panel

Ground loop: Implement single-point grounding

11.5 Thermal Issues

Symptoms: Overheating (>80°C for LC, >70°C for M972A)
Possible Causes and Solutions:
* Inadequate ventilation: Add ventilation holes
+ Insufficient heatsinking: Larger heatsink, improved thermal interface
* LumiFree too close to LED: Increase distance to 30-50mm
* High ambient temperature: Improve ventilation, reduce LED power

11.6 Reduced Light Output

Symptoms: llluminance lower than expected
Possible Causes and Solutions:
e LumiFree transmittance loss: ~20% loss is normal

Copyright © 2025 GRE Alpha Electronics Ltd. All rights reserved. | Page 26



*GRE

Electronics Ltd

+ Dirty LC panel surfaces: Clean surfaces
» Full diffusion mode (step 255): Reduce step value
» LED degradation: Replace LED if end-of-life

11.7 Contact Information for Technical Support

For additional technical support, please contact:

GRE Alpha Electronics Ltd.
*  Website: https://www.grealpha.com/contact/
. https://www.grealpha.com/about-us/locations/
* Email: sales@grealpha.com

12. APPENDICES

Appendix A: LumiFree LAM020 Specifications

LumiFree™ Application Note AN-LF-001

Parameter Specification Unit

Notes

Active Area ®50.0 mm

Circular

Panel Dimensions 61.2 x61.2 x4.45 mm

Octagonal shape

1/0 Interface
Dimensions

131.6 x61.2 x6.7 mm

Including relay
boards

Control Granularity 8-bit (0-255 -

steps/axis)

Independent X/Y
axes

Transmittance 75-85 (typ. 80) % Step 0, no voltage
(OFF)

Transmittance 8-10 (typ. 9) % Step 255, full
(ON) voltage

Operating -20 to +80 °C No condensation
Temperature

Storage -20 to +80 °C No condensation
Temperature

Appendix B: M972A Drive Board Specifications

Parameter Min Typ Max Unit
Dimensions - 45.0 x 45.0 x - mm
6.7
Input Voltage 2.97 - 5.50 VDC

(VCC)
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Parameter Min Typ Max Unit
Supply Current | - 350 mA
(IVCC)

Operating -20 - +70 °C
Temperature

Storage -20 - +80 °C
Temperature

Appendix C: Connector Pin Assignments

CNO001 - DC Power Input:

Pin Symbol Function 1/O/P

1 VCC Power supply P
(+2.97 to +5.5V)

2 GND Ground (0V) P

CNO002 - I2C Interface:

Pin Symbol Function 1/O/P Notes

1 SCL Serial clock I 4.7kQ pull-up
to VCC

2 SDA Serial data I/O 4.7kQ pull-up
to VCC

3 GND Ground (0V) P -

Appendix D: Regulatory and Safety Information

RoHS Compliance:
LumiFree LC panels and M972A drive boards comply with EU RoHS Directive 2011/65/EU,
limiting:
* Lead (Pb), Mercury (Hg), Cadmium (Cd), Hexavalent chromium (Cr6+)
* Polybrominated biphenyls (PBB), Polybrominated diphenyl! ethers (PBDE)
* Four phthalates (DEHP, BBP, DBP, DIBP)
Safety Considerations:
* LumiFree LC panels contain liquid crystal material; avoid puncturing or crushing
+ Glass components: Handle with care to avoid breakage
« ESD sensitive: Use anti-static precautions during handling

Appendix E: Mechanical Drawings

Reference Drawing:

Lumifree Panel LAMO020, See datasheet GREalpha_LumiFree_50mm_rev_A.pdf, page 4
Drive Board M972A, See spec sheet PWB_UNIT_M972A SPECIFICATION_ 250709 Rev
1.0, page 17
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Appendix F: Glossary

Beam Angle: Angular spread of light, typically half-illuminance angle

COB (Chip-on-Board): LED packaging with multiple chips on substrate
CRI (Color Rendering Index): Measure of color accuracy (Ra value, 0-100)
DMX512: Digital multiplex protocol for stage lighting (512 channels)

FPC (Flexible Printed Circuit): Thin, flexible circuit board

I?C (Inter-Integrated Circuit): Two-wire serial protocol (SCL, SDA)

LC (Liquid Crystal): Material with controllable optical properties

LumiFree: Electrically tunable light shaping panel (JDI trademark)

Copyright © 2025 GRE Alpha Electronics Ltd. All rights reserved. | Page 29



G R E LumiFree™ Application Note AN-LF-001

Electronics Ltd

REVISION HISTORY

Revision Date Description Author

1.0 December 2025 Initial release GRE Alpha
Technical Team

DISCLAIMER

This Application Note is provided for informational purposes only. GRE Alpha Electronics
Ltd. and Japan Display Inc. make no warranties, express or implied, regarding the accuracy,
completeness, or suitability of this information for any particular purpose.

Designers are responsible for verifying that LumiFree integration meets all applicable safety,
regulatory, and performance requirements for their specific application.

Specifications are subject to change without notice. Contact GRE Alpha or Japan Display
Inc. for the most current product information.

COPYRIGHT NOTICE

Copyright © 2025 GRE Alpha Electronics Ltd. All rights reserved.

LumiFree™ is a trademark of Japan Display Inc.

This document may not be reproduced, distributed, or transmitted in any form without prior
written permission from GRE Alpha Electronics Ltd.

END OF APPLICATION NOTE
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