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Optical Microstructures in Exterior Lighting:

Big Opportunities with Tiny Dimensions
i

Todd Morgan — Senior VP Product Development
Tomas Gloss — Technical Fellow Signal Lighting
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WHY ARE THEY IMPORTANT / POTENTIAL APPLICATIONS
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WHAT ARE MICROSTRUCTURES? Varroc

EXCELLENCE

REFRACTIVE PRISM MICRO PRISM ARRAY BINARY DIFFRACTIVE GRATING

REFRACTIVE LENS MICRO FRESNEL LENS BINARY DIFFRACTIVE LENS

—

~ N o NN ), pmmm————

THE DIMENSIONS OF OPTICAL ELEMENTS GOES FROM ~1-2MM TO ~1-300 MICRO METERS OR IN CASE OF DIFFRACTIVE OPTICS IT IS IN THE RANGE OF NANO METERS.
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TYPES OF STRUCTURES FOR OUR APPLICATIONS

VARIOUS TYPES OF STRUCTURES ARE INVESTIGATED IN VARROC TO BE USED FOR LIGHTING APPLICATIONS

GRATINGS
= SINUSOIDAL
=  BINARY
= MuLTI-LEVEL

" BLAZED
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KEY FEATURES

SINUSOIDAL

BINARY

MULTI-LEVEL

BLAZED

LOWEST PROBABILITY OF DEGRADATION, LOWEST EFFICIENCY

POSSIBILITY TO REDUCE STRAY LIGHT >> HIGHER EFFICIENCY

ASYMMETRIC LIGHT DISTRIBUTION, MORE COMPLEX MANUFACTURING

HIGHEST EFFICIENCY AND POSSIBILITY OF ASYMMETRIC LIGHT DISTRIBUTION
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ADDITIONAL TYPES OF STRUCTURES FOR OUR APPLICATIONS ‘(’
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CELL ARRAYS / LENS ARRAYS EXCELLENCE

®  GQRATINGS ARRANGED IN THE CELL ARRAY TO ACHIEVE VARIOUS FUNCTIONALITY

=  BEAM SHAPING, HOMOGENEITY IMPROVEMENTS, SPECIAL VISUAL EFFECTS

MICRO PRISMS

® |NTERMEDIATE STEP BETWEEN STANDARD OPTICS AND DIFFRACTIVE STRUCTURES (MICRO MACHINING IS USED IN VLS)

SURFACE DOES (DIFFRACTIVE OPTICAL ELEMENTS)
= VARIOUS DIFFRACTIVE ELEMENTS WITH VARIOUS SHAPES

®=  TO ACHIEVE SPECIAL FUNCTIONALITY AND CONTROL THE LIGHT BEAM

VOLUME STRUCTURES
=  OPTICAL STRUCTURE RECORDED IN PHOTO POLYMER MATERIAL (USUALLY FOIL)

= USED IN VLS MAINLY FOR HOLOGRAPHY
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WHAT IS THE SIZE OF THE STRUCTURES ARE WE TALKING ABOUT? ‘(’

STANDARD OPTICAL PILLOWS 1X1 MM

5mm

A \
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MICRO PRISMS 200 X 400 pm GRATING CELL ARRAY (20 X 20 pm)

VARROC LIGHTING SYSTEMS 6



\/ ]

BETTER EFFICIE ICS varroc
EXCELLENCE

POTENTIA

VERY FINE OPTI ON IN STYLING (|NVISIBLE OPTICS)

PACKAGE REDUCT
COMPLETELY NEW LIGH
HOLOGRAPHY APPLICATIONS FOR LIGHTING COMMUNICATION

HUGE POTENTIAL TOGETHER WITH LASER LEDS IN FUTURE TO DRAMATICALLY REDUCE POWER CONSUMPTION

ROAD PROJECTION APPLICATIONS (ADVANCED SAFETY FEATURES)
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— e -
/ \ —
> =D
—

DVN CONFERENCE 15.01.2019 VARROC LIGHTING SYSTEMS 7



\/ ]

TWO OPTIONS OF APPLICATION ARE NOW INVESTIGATED IN VLS Varroc

EXCELLENCE

IVIICROSTRUCTURES ON FOILS OR DIRECTLY IN THE MOULDING TOOL

MICROSTRUCTURES ON FOILS (MASTER IS HEATED AND PRESSED AGAINST PLASTIC FOIL WITH RESIN)

4 3\

PROS CONS
= |OWER COST FOR LARGE STYLING AREAS =  ADDITIONAL PART IN THE LAMP (ADDITIONAL OPERATION IN MANUFACTURING)
®  VOLUME STRUCTURES (BETTER FOR HOLOGRAPHY) =  ONLY 2.5D SHAPES WITHOUT THERMOFORMING PROCESS

= R2R MANUFACTURING (POSSIBLE ONE TOOLING FOR SEVERAL PROJECTS) =  COMPLICATED THERMOFORMING PROCESS FOR 3D (WITH RESPECT TO OPTICS)

=  ALREADY IN PRODUCTION (PROVED TECHNOLOGY)

MICROSTRUCTURES IN THE TOOL (MASTER IS IMPLEMENTED IN THE TOOL AS INSERT >> “STANDARD” INJECTION MOULDING PROCESS IS USED)

PROS CONS
®  MICRO OPTICS ON COMPLETELY FREE 3D SHAPES =  MORE TIME CONSUMING CALCULATIONS + TOOLING DATA EXCHANGE
= OPTICS CAN BE APPLIED TO THE EXISTING COMPONENTS IN THE LAMP =  TOOL MAINTENANCE AND MOLDING FEASIBILITY LIMITATIONS
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CHALLENGES FOR DESIGN AND MANUFACTURING | SOFTWARE AND TOOLING

IT IS NOT POSSIBLE TO CALCULATE MICRO OPTICS IN STANDARD WAY (CAD CREATION > RAYTRACING > ANALYSIS OF RESULT > TUNING LOOP) \E/Xi[{ECN)CE
RAYTRACING CANNOT BE APPLIED FOR DIFFRACTIVE OPTICS (DIFFRACTION NEEDS TO BE TAKEN INTO ACCOUNT)

ALMOST ALL CAD DATA OF HEAD LAMPS AND REAR LAMPS ARE CREATED LIKE NURBS SURFACES IN CAD SOFTWARE BUT MICRO OPTICS CANNOT BE DONE IN THIS WAY
THEREFORE IN VLS WE ARE COMBINING COMMERCIAL SOFTWARE TOOLS TOGETHER WITH INTERNALLY DEVELOPED ONES TO HAVE FULL CAPABILITY OF SIMULATION AND

DATA EXPORT FOR MANUFACTURING

DVN CONFERENCE 15.01.2019 VARROC LIGHTING SYSTEMS )



CHALLENGES FOR DESIGN AND MANUFACTURING I THEORY AND REALITY (
varroc

THERE ARE SEVERAL TYPES OF MICROSTRUCTURES USED IN DIFFERENT INDUSTRIES BUT NOT ALL OF THEM ARE GOOD FOR INJECTION MOULDING PROCESS.
EXCELLENCE

STRUCTURE TYPE 2 — MULTILEVEL DOE

STRUCTURE TYPE 1 — MICRO FRESNEL LENSES
RO/ WSSy ® BETTER MATCHING BETWEEN DESIGN INTENTION AND MASTER

m = ALMOST NO DIFFERENCE BETWEEN MASTER AND INJECTION MOULDED PART
GOOD STRUCTURE FOR INJECTION MOULDING PROCESS . = MUCH BIGGER DIFFERENCE BETWEEN MASTER AND INJECTION MOULDED PART
GOOD STRUCTURE FOR MASTERING, WORSE FOR INJECTION MOULDING PROCESS

NOT VERY GOOD CORRELATION BETWEEN THEORETICAL CALCULATIONS AND PHYSICAL PARTS u

INTENSITY ANGULAR DISTRIBUTION GRAPHS
i INTENSITY [CD] INTENSITY [CD] )
= DESIGN INTENTION (THEORY) =
REPLICATION ON MASTER S ——
INJECTION MOULDED PART
-30 -20 -10 0 10 20 30 -30 -20 -10 0] 10 20 30
S ANGLE [DEGREE] ANGLE [DEGREE] )
10
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SURFACE-LED

NEW INNOVATIVE CONCEPT FOR FLAT PACKAGE OF LIGHTING

MODULES IS USING SEVERAL LAYERS WITH MICROSTRUCTURES

3D HOLOGRAPHIC LIKE EFFECT

.I.\u 1 ,//”////
FOILS WITH MICROSTRUCTURES ARE ARRANGED IN 3D SPACE \ < AN RRRRRE 111]] ///////////////

\
Ui

TO CREATE 3D HOLOGRAPHIC LIKE EFFECTS

THIN HOMOGENEOUS SIGNATURE

FOILS WITH LIGHT SHAPING MICROSTRUCTURE HAS BEEN N—

USED TO CREATE VERY THIN AND HOMOGENEOUS SIGNATURE

3D HOLOGRAM IN THE LAMP

FOIL WITH RECORDED HOLOGRAM CAN BE USED TO CREATE

LEVITATING ELEMENTS IN THE REAR LAMP
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INJECTION MOULDED APPLICATION EXAMPLES

REAR FOG

ONLY ONE INNER LENS WITH MICROSTRUCTURE IS PLACED IN ui
FRONT OF LED TO CREATE REAR FOG PATTERN. THE BIGGEST ‘
BENEFIT SEEMS TO BE THE STABILITY OF THE BEAM PATTERN TO

POSITION OF LED.

LIGHT PIPE WITH MICRO OPTICS S [ e—

Micro Optical Structure |

INSTEAD OF STANDARD OPTICAL PATTERN (OPTICAL PRISMS), THE B T

MICRO OPTICS WAS DESIGNED TO DECOUPLE THE LIGHT FROM THE

Size along the shape of the light guide 100 pm - 500 pm.

LIGHT PIPE >> NO VISIBLE OPTICAL STRUCTURE ON THE LIGHT PIPE. Depth of the optical structure 50 ym — 100 pm.

Standard Optical Structure

3D SHAPE OF FUNCTIONAL INNER LENS
IMICROSTRUCTURE CAN IMPROVE THE HOMOGENEITY/EFFICIENCY
RATIO FOR MORE POWERFUL FUNCTIONS LIKE DRL WHERE THE 3D
STYLING IS REQUIRED TOGETHER WITH EXCELLENT HOMOGENEITY.
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OPTICAL EFFICIENCY AND HOMOGENEITY COMPARISON I OVERVIEW OF EXPERIMENTAL PROTOTYPE (

STRAIGHT LIGHT BLADE EXAMPLE WAS MEASURED TO COMPARE HOMOGENEITY LEVEL AND EFFICIENCY OF VARIOUS OPTICAL STRUCTURES varroc

EXCELLENCE

VARIOUS MICROSTRUCTURE FOILS WERE PLACED IN FRONT OF THE LIGHT BLADE

[

N
* 30 X5 DEG MICROSTRUCTURE (30DEG HORIZONTAL SPREAD, S5DEG VERTICAL SPREAD) VLS HOMOGENEITY EVALUATION METHODOLOGY

VLS INTERNALLY DEVELOPED SOFTWARE IS USED FOR HOMOGENEITY EVALUATION.

= 60 X5 DEG MICROSTRUCTURE

*  LUMINANCE VALUES [cD/M?2] ARE CONVERTED TO EYE PERCEPTION.

Luminance to Perception conversion

1

- 075

c

S 0.5

@
VARIOUS INNER LENSES WERE PLACED IN FRONT OF THE LIGHT BLADE 0

0,128 0.5
= STANDARD PILLOW OPTICS 0 1
T GE S
= STANDARD VDI36 GRAINING
\ Y,

=  MILKY INNER LENS
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OPTICAL EFFICIENCY AND HOMOGENEITY COMPARISON | RESULTS ‘(’

STRAIGHT LIGHT BLADE EXAMPLE MEASURED TO COMPARE HOMOGENEITY LEVEL AND EFFICIENCY OF VARIOUS OPTICAL STRUCTURES \E/X?E [ Lf E?C'E:
LUMINANCE ANALYSIS RELATIVE
P ———— — HOMOGENEITY
EFFICIENCY
DIRECT LIGHT BLADE 100% 36%
STANDARD VDI 36 GRAINING 78% 62%
STANDARD OPTICAL PILLOWS 67% 71%
MiIcRroO oPTICS 30 X 5 DEG 63% 85%
MILKY INNER LENS 36% 87%
MIcRrRO oPTICS 60 X 20 DEG 38% 90%

I SIMILAR HOMOGENEITY BUT DIFFERENT EFFICIENCY !
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OPTICAL EFFICIENCY AND HOMOGENEITY COMPARISON | WWHAT DOES IT MEAN FOR LED’S POWER? ‘(’

LET’S CONSIDER STOP FUNCTION AS AN EXAMPLE VoS
LIGHT FLUX ON LEDsS LEDS ESTIMATED POWER CONSUMPTION POWER CONSUMPTION SAVING
MILKY INNER LENS 115 um 4 N -
Micro oPTICS 60 x 20 105 Lm 3.7 W ~8%
MICRO oPTICS 30 X 5 65 LM 1.9 W ~50%

~ )
ﬁOSSlBLE POWER CONUMPTION SAVING ABOUT SO/J
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WIDE RANGE OF DIFFERENT TYPES OF MICROSTRUCTURES AVAILABLE

EACH SYSTEM HAS ADVANTAGES AND STRENGTHS DEPENDING ON APPLICATION

APPLICATION CAN INVOLVE FOILS OR IMPLEMENTED INTO TOOLING FOR INJECTION MOLDED PARTS

IMPORTANT TO UNDERSTAND DESIGN STRENGTHS AND LIMITATIONS OF THE APPLICATION FOR MOST COST EFFECTIVE SOLUTION

PROPRIETARY KNOW-HOW AND TOOLS ARE REQUIRED FOR EFFECTIVE DESIGN AND MANUFACTURING

IMICROSTRUCTURES ARE CRITICAL FOR MANAGING LIGHT IN MOST EFFICIENT WAY
BALANCE OF HOMOGENEITY AND OPTICAL EFFICIENCY
COST EFFECTIVE LIGHT SOURCE SPECIFICATION
POWER AND WEIGHT OPTIMIZATION
DESIGN FLEXIBILITY

PACKAGE SPACE REDUCTION
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