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Manufacturing

Prototypes

Test

Mass ProductionDesign

Benefits of a Vertically Integrated Manufacturing Approach

From Design to Mass Production
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MANUFACTURING AT SCALE FOR OVER 50 YEARS

REVENUE
IN FY23

$28.9B

DEDICATED 
EMPLOYEES

140K+

CUSTOMERS ACROSS
DIVERSE MARKETS

400+

YEARS OF CROSS-
INDUSTRY EXPERIENCE

55+

SUPPLY CHAIN
PARTNERS

38K+
SITES STRATEGICALLY 
LOCATED AROUND THE WORLD

100+

JENA, GERMANY

OPTICS SITE

ST. PETERSBURG, FL

GLOBAL HEADQUARTERS
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Jabils Optical Design Competencies

The World of AR Glasses

• DLP

• LCOS

• oLED

• Micro LED

• MEMS Scanner

• Prescription 
Lens System

• Gesture Sensing

• Depth Sensing

• Eye Tracking

• Real World 
Capture Camera

DISPLAY SURROUNDING

WAVEGUIDE COMBINERS

• Reflective/Refractive Waveguides

• Micro Prism Coupler

• Micro Mirror Coupler

• Diffractive Waveguides

• Holographic Grating Coupler

• Surface Relief Grating Coupler

NON-WAVEGUIDE COMBINERS

• Mirrors

• Pin Mirror

• Coating / Notch

• Prism (Freeform & Conventional)

• Holographic Elements

OPTICAL
COMBINERS

• Birdbath

• Freeform

• Diffractive/
Holographic

• Plastic/Glass 
Hybrid Lens System

• Liquid Lenses

• Meta Lens

IMAGING
OPTICS

• Phase Shifting 
Spatial Light 
Modulator SLM
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Where Innovation Meets AR Applications

Unlocking the Potential of Phase-Shift SLMs

Real holography

Great contrast

Higher brightness of content 

Less components, less complex system

Compact system design

Electronic image compensation

Vergence accommodation conflict 
improvement

Ongoing work: computation power, pixel size 
reduction, …

Cost Function
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Input Image

Operating Principle

Spatial Light Modulator
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Amplitude Modulation vs Phase Modulation

DMD vs. SLM: A Closer Look

SLM

Light path can be folded in a variety of ways.

Number of optical components reduced 

→ Less system complexity. Speckle reduction…

Design

Relay Lens

DMD

Illumination LEDs + 
Collimation

MLA

Combiner 
Wedge

Laser 
Collimation

Illumination:
7 x 3 x 3 mm³

Illumination:
20 x 12 x 5 mm³
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Design for Micro-Manufacturing

The Art of Manufacturing

Light engine:
~8 x 3 x 3 mm³

Component placement and alignment needs some room and fiducials. 

Consider tooling tip geometry in the product design.

Passive placement 10...20 µm Lens alignment <1 µm

Manufacturing
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Short Development Cycles Set High Expectations

Modern Prototypes – “Jack of all trades”?
Prototypes

High functionality Prototypes often 
indistinguishable from final 
versions

Sample amount high, already 
like small serial production

Discuss with your Manufacturing partner as early as possible!

More simulation capability upfrontProduct

MachinePrototypes of

Process

Generic assembly equipment

Balance: speed, cost, flexibility  
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• SLM allows seamless digital correction („software lens“)

• i.e. erros due to varying diffraction of wavelength

• Design benefit: simpler optical design, use software 
correction e.g. for the last % of colour offset (see image 
below)

• Utilize these benefits in the product design phase – consider the 
testing cycle from the beginning of the product development

Test and Calibration

Make use of Digital Wavefront correction!

Test metrics measured using Jabils generic platform

Test

SLM tilted by 20°. 
Focal point with (left) and without (right) digital tilt 
correction
Kozacki, T. (2011). Holographic display with tilted spatial 
light modulator
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Before 
Annealing

Stress Birefringence average 
>30 nm

After 
Annealing

Stress Birefringence average 
<10 nm

Example for Birefringence in Plastic Lens, Ø 8 mm

Polarisation: A Key Challenge in SLM Systems

Connect with your manufacturing partner and your lens supplier as early as 

possible to balance manufacturing requirements and product performance.

Test
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Constrains in High Volume Manufacturing

MP Tact Time Requirement

• 100.000 spectacles per year → 200.000 SLM 
projectors per year (250 days @ 8 hrs, 95% FATP 
yield)

SLM Projectors 2-shift model

per day 840 pcs

per hour 53 pcs

Required Takt Time ~1 minute

Lab-Process for A-samples

• Cycle Time: machine-based, semi-automated 
process steps, flexible setup (remember – A-
samples!)

Assy Process Step CT [min]

Focus alignment Software lens correction 8 min

Illumination 
Assembly

AA laser RGB handling & 
collimation

30 min

Calibration process 20 min

EOL Test of projector 10 min

Spectacles 
Assembly

EOL Test of spectacles incl. 
waveguides

15 min

SUM [min] 83 min

Mass Production

To get to reasonable MP takt times, involve your 
manufacturing partner as early as possible in the 

product design and process design
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Access to Specialized Skills, Whenever You Need Them
ON-DEMAND SERVICES FOR YOU

Turning your Vision 
into your Product

Fast Prototyping, 
NPI

Mechanical & 
Thermal Stability

Advanced Camera 
and Sensor Design

Optical Design & 
Simulation

Mechanical 
Design

Miniaturization

Process 
Development

Supply chain 
Management

Test Engineering, 
Tester Design

Advanced Optics 
Assembly 

& Manufacturing

Imaging, Projector, 
Sensor Design & 

Integration

VAVE,
Design to cost

High Scale 
Production

Systems Design,
Design to Test 

Active Alignment of 
Passive & Active 
Optical Modules

Process 
Automation

Quality 
Management

Custom Equipment 
Development & 

Design

Generic 
Equipment 

Technology 
Scouting, Concept 

Studies, Early 
Development

UV/VIS/NIR/SWIR/M
WIR/LWIR

VCSEL / EEL

POC, DFM, DFX

Project 
Management

Software 
Development for 
Alignment, Test & 

Calibration

Electrical 
Design

Low Volume 
Manufacturing

EMC/EMI



Thank You

Contact me via hendrik_zachmann@jabil.com for shaping the future 
together!

mailto:sven_sassning@jabil.com
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Design, Industrialization and Manufacturing Solutions

Jabil as Full-Service Provider

SPECIFICATION 
DEFINITION 

CUSTOMIZED 
FEASIBILITY STUDIES

COST EFFECTIVE 
DESIGNS

COMBINE AND REDUCE 
ALIGNMENT STEPS

FULL SYSTEM 
TOLERANCE ANALYSIS 

EARLY YIELD 
ESTIMATIONS

SYSTEM LEVEL TESTS 
AND VALIDATION

INDUSTRIALIZATION 
AND SOP


	Slide 1: From Design to System Integration and Mass Production
	Slide 2: From Design to Mass Production
	Slide 3
	Slide 4: The World of AR Glasses
	Slide 5: Unlocking the Potential of Phase-Shift SLMs
	Slide 6: Spatial Light Modulator
	Slide 7: DMD vs. SLM: A Closer Look
	Slide 8: The Art of Manufacturing
	Slide 9: Modern Prototypes – “Jack of all trades”?
	Slide 10: Make use of Digital Wavefront correction!
	Slide 11: Polarisation: A Key Challenge in SLM Systems
	Slide 12: Constrains in High Volume Manufacturing
	Slide 13: Access to Specialized Skills, Whenever You Need Them
	Slide 14
	Slide 15: Jabil as Full-Service Provider

