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| Executive summary

Optical bonding can materially improve ambient contrast, parallax, impact support and condensation
resistance by replacing the internal air gap with a refractive-index-matched adhesive. These benefits are
valuable in outdoor, rugged and high-quality HMI systems.

The same bond also transfers stress, couples material ageing and makes repair more complex. A robust
programme therefore qualifies adhesive chemistry, modulus, thickness, cure process, cover printing,
touch flexes and enclosure loads as a single assembly.

Core recommendation

Select the bond architecture and adhesive around the exact layer stack, thermal expansion and
repair strategy. Require a controlled process window and post-ageing evidence before
approving production.

How to use this whitepaper

¢ Use the requirement table to convert optical bonding expectations into measurable pass/fail criteria.

¢ Use the comparison matrix to shortlist architectures without allowing one headline specification to
dominate.

¢ Apply the weighted scorecard using the actual operating environment, duty cycle and commercial lifecycle.

¢ Validate the preferred approach in the final mechanical, optical, electrical and software implementation.
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Key decision principles

e Choose the bonding method from the complete mechanical and optical stack, not from adhesive marketing
data alone.

¢ Control modulus, bond-line thickness and cure process because they determine stress transfer as well as
clarity.

¢ Validate bubbles, delamination and optical ageing after environmental exposure, not only immediately after
cure.

¢ Define rework and field-repair strategy before committing to a large or high-value bonded assembly.

e Treat decorative inks, coatings, touch flexes and edge geometry as part of the qualified bond process.
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1. Define the bonded assembly before selecting an

adhesive

A bonding requirement should state the optical objective, environmental range, mechanical loads, cover-
lens construction, touch architecture, cosmetic limits, production volume and repair strategy. These

constraints determine whether air gap, LOCA, OCA or a reworkable gel is appropriate.

Requirement domain Questions to resolve

Assembly purpose

Layer stack

Material compatibility

Mechanical environment

Process controls

Lifecycle strategy

Crystal Display Systems Limited

Sunlight readability, parallax reduction, impact support,
condensation prevention, contamination control, touch
integration or cosmetic design.

Panel surface, polariser, bezel geometry, touch sensor, ITO
pattern, adhesive thickness, cover glass, coatings, printing and
edge seal.

Refractive index, modulus, cure chemistry, outgassing,
polariser sensitivity, ink adhesion, UV stability and ionic
contamination.

Cover-lens size, differential expansion, mounting preload,
shock, vibration, impact, enclosure twist and service access.

Dispense or lamination method, vacuum/degas steps, cure
dose, particle control, alignment, bubble limits and
traceability.

Rework method, component replacement, adhesive shelf life,
PCN control, repair economics and acceptance of irreversible
assemblies.
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A practical weighting model

Assign each criterion a weight from 1 (low importance) to 5 (critical). Score each candidate from 1 (poor
fit) to 5 (strong fit), then multiply score by weight. The arithmetic does not replace engineering judgement,
but it exposes where the bonding process and material set depends on assumptions, incomplete test
evidence or optimistic supplier data.

Do not average away a fatal constraint

A candidate that fails a non-negotiable requirement for optical bonding should be removed
before weighted scoring. Typical fatal constraints include unsafe operation, an unachievable
environmental limit, incompatible interfaces, unacceptable field reliability or no credible supply
route.

Recommended process

¢ Set pass/fail gates for the mandatory optical bonding requirements before comparing desirable features.

¢ Agree criterion weights with electronics, mechanical, software, product, service and procurement
stakeholders.

e Score only from controlled data, supplier evidence or representative testing; mark unknowns explicitly.

¢ Run sensitivity checks by changing the highest weights and identifying whether the preferred architecture
changes.

e Document assumptions, test conditions and revision status so the decision can be revisited after a component
or firmware change.
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2. Bonding architectures and material choices

2.1 Air-gap or perimeter-bonded assembly

A conventional display places the touch panel or cover lens above the LCD with an air gap and perimeter
adhesive or mechanical retention. The method is inexpensive, reworkable and tolerant of component
replacement, but the air interfaces increase reflection, permit parallax and can trap moisture or

contamination.

o Strengths: low process cost, straightforward rework and reduced risk of transmitting cover-lens stress into

the LCD.
e Limitations: higher reflection, possible condensation, weaker impact support and greater sensitivity to dust

or cavity contamination.
e Best fit: indoor equipment with moderate ambient light and a strong requirement for serviceability or low

cost.

2.2 Liquid optically clear adhesive (LOCA)

LOCA is dispensed as a liquid and cured after wetting the display and cover stack. It can accommodate
surface variation and complex geometry, but process quality depends on dispense control, bubble
evacuation, edge containment, cure uniformity and compatibility with polarisers, inks and touch flexes.

¢ Strengths: good wetting, adaptable bond-line thickness and suitability for larger or non-uniform assemblies.
e Limitations: flow control, overflow risk, cure shadowing, contamination and potentially difficult rework.
¢ Best fit: custom display assemblies where geometry or size makes film lamination impractical.

Cure-process control

Record adhesive batch, dispense mass, vacuum profile, assembly time, cure energy and post-
cure inspection. A material part number without a controlled process is not a qualified bond.
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2.3 Optically clear adhesive film (OCA/SCA)
Film adhesives provide controlled thickness and clean handling when the stack is sufficiently flat and the
lamination process can apply uniform pressure under vacuum. They are common in touch and cover-lens
lamination but can trap particles or bubbles if surface preparation and equipment capability are
inadequate.

e Strengths: consistent bond thickness, high optical clarity, controlled material usage and clean production
flow.

e Limitations: requires flat components, pressure/vacuum equipment and careful handling of liners, particles
and flex exits.

¢ Best fit: repeatable medium- to high-volume touch and cover-glass assemblies with controlled geometry.

2.4 Reworkable gel and silicone systems

Soft, reworkable optical gels reduce stress transfer and can allow component recovery. Their lower
modulus is helpful for large panels and thermal mismatch, but edge containment, pump-out, long-term
creep and cosmetic stability require explicit evaluation.

2.5 Hybrid bonding and protective laminates

Some assemblies use multiple adhesive layers, perimeter seals, anti-splinter films or separate touch-to-
glass and glass-to-display processes. Hybrid stacks can optimise repairability and strength, but every
interface adds tolerance, optical and ageing interactions that must be controlled.
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| 3. Comparative decision matrix

Reflection reduction Poor Excellent Excellent Excellent
Parallax control Limited Excellent Excellent Excellent
Stress isolation Excellent Moderate Moderate Excellent

Large-format

Lo Strong Excellent Moderate Excellent
suitability
Process repeatability  Excellent Moderate Excellent Moderate
Reworkability Excellent Limited Limited Strong
Particle sensitivity Moderate Moderate Limited Moderate
Condensation control  Limited Excellent Excellent Excellent
Equipment o N
. Excellent Limited Limited Moderate
complexity
Relative assembl I
w y Excellent Moderate Moderate Limited

cost

Indicative only. Actual performance depends on the complete system architecture, supplier implementation, environmental
conditions and validation method.

Crystal Display Systems Limited crystal-display.com Page 8



CDS WHITEPAPER 03 | OPTICAL BONDING

Crystal Display Systemns Ltd

Example weighted scorecard

Outdoor optical

performance

20-inch assembly 4 4 5 3
flatness

Productu_)x} 4 5 3 5
repeatability

Impact / vibration 4 9 5 5
support

Rework and yield 3 5 9 9
recovery

Process capital 9 5 3 9
burden

Lo-ng-term material 5 4 4
evidence

Weighted total 104 109 107

For this 20-inch outdoor monitor, LOCA leads because it accommodates the larger stack and provides
strong optical and mechanical performance. OCA is competitive where flatness and lamination equipment
are tightly controlled; the air-gap design remains strongest only for rework and process simplicity.

Reading the result

e The air-gap architecture should not remain in the shortlist if the measured ambient contrast or condensation
requirement cannot be met.

¢ LOCA requires a validated dispense and cure window; material approval alone is insufficient.

¢ OCA can provide the most repeatable bond line, but only when surface flatness, particles and lamination
pressure are under production control.
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| 4. Engineering trade-offs that change the answer

4.1 Optical gain depends on every interface

Bonding removes one major reflection mechanism, but cover-glass surfaces, touch electrodes, coatings
and black printing may dominate the remaining loss. Measure the complete assembly rather than quoting
an adhesive transmission value.

4.2 Low modulus reduces stress but can increase movement

A softer adhesive can protect the LCD from cover-lens expansion and impact loads, yet it may allow creep,
edge movement or pumping under vibration. Select modulus and thickness together.

4.3 Thermal expansion creates hidden edge stress

Glass, LCD cells, metal bezels, polymer touch films and adhesive expand differently. Large-format
assemblies need stress analysis at hot and cold limits, including enclosure preload and cure shrinkage.
4.4 Cure chemistry can damage adjacent materials

UV exposure, photoinitiators, heat and reactive species may affect polarisers, inks, touch traces or plastics.
Shadowed regions near black masks and bezels can remain under-cured.

4.5 Reworkability is a system economics decision

A reworkable bond may cost more but preserve an expensive LCD or cover lens. Irreversible bonding can
still be valid when yield is high and field replacement is by complete module.

4.6 Cosmetic criteria must be measurable

Define bubble size, bubble count, edge voids, particles, Newton rings, adhesive overflow, mura and
alignment limits with controlled lighting and inspection distance.
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| 5. Application-led recommendations

Outdoor industrial monitor

Use a low-reflection bonded stack with UV-stable adhesive and cover coatings. Validate solar load, large-
area stress, impact and edge sealing.

Vehicle or transport HMI

Prioritise vibration support, wide temperature cycling, low parallax and controlled cover-lens preload.
Soft or reworkable systems can reduce stress transfer.

Medical or laboratory instrument

Control biocompatible cleaning exposure, optical clarity, bubble limits and service strategy. OCA may suit
repeatable smaller assemblies.

Large-format public display

Assess panel flatness, sag, bond-line uniformity and repair economics. LOCA or gel systems may be more
tolerant than film adhesives.

Low-volume custom equipment

Balance tooling and process capital against the need for optical performance. A qualified specialist
bonding partner may reduce programme risk compared with an in-house one-off process.
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6. Qualification and sourcing checklist

Verify adhesive batch, shelf life, storage,
cover-glass cleanliness, coating
condition, ink cure and panel surface
condition.

[1 Incoming materials

Control dispense/lamination parameters,
[1 Process vacuum, alignment, open time, pressure,
cure energy and post-cure dwell.

Measure luminance, reflectance, haze,
[1] Optical contrast, colour, parallax, bubbles,
particles and Newton-ring artefacts.

Test impact, ball drop, vibration,
[1] Mechanical enclosure twist, cover-lens deflection
and flex-tail strain.

Run thermal cycling, hot/humid storage,
condensation, UV, low temperature,

[ Environmental chemical and salt exposure as
applicable.
Inspect for yellowing, delamination,
0 Reliability edge lift, creep, pump-out, bubble

growth, mura and touch drift after
ageing.

Demonstrate separation, cleaning and
[1 Rework component recovery without polariser
or touch damage if rework is claimed.

Define golden units, cosmetic limits,
[1 Production acceptance sampling, traceability, process alarms
and change-control triggers.

Questions to ask a display partner

e Which adhesive chemistry, modulus and nominal bond-line thickness are proposed for the exact stack?
e What process window and equipment controls were used to produce the qualification samples?
e How are black printing, coatings, flex exits and bezel shadows handled during cure or lamination?
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e What environmental data demonstrates no yellowing, delamination, creep or bubble growth over the
intended life?

¢ Can the assembly be reworked, and what component damage or yield loss occurs during the demonstrated
process?

e Which material, supplier or process changes trigger customer notification and requalification?

Minimum evidence pack for design approval

¢ Controlled stack drawing with adhesive area, thickness, edge geometry, flex exits and material revisions.
e Adhesive technical data, compatibility evidence, storage/shelf-life controls and cure specification.

¢ Process flow, work instructions, equipment capability and traceability records.

e Optical and cosmetic acceptance standard with calibrated inspection conditions.

¢ Environmental and mechanical qualification report on production-representative assemblies.

e Rework demonstration, yield data, golden units and PCN/EOL/change-control plan.
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| 7. Beyond conventional optical adhesives

Bonding technology continues to evolve toward lower stress, faster cure, improved rework and more
integrated functions. The engineering objective remains a stable optical and mechanical interface over the
complete service life, not simply a bubble-free appearance at manufacture.

Low-temperature and dual-cure chemistries

These can reduce thermal or UV exposure to sensitive displays, but cure completeness under black masks
and at large bond depths must be verified.

Thermally conductive optical materials

Higher conductivity may reduce display hot spots, yet filler systems can increase haze or alter refractive
index. Thermal benefit must be measured through the actual stack.

Functional interlayers

Adhesive layers may incorporate UV blocking, EMI shielding, privacy or impact functions. Each function
can change transmission, colour, conductivity and ageing.

Automated optical inspection

Machine vision can quantify bubbles, particles and alignment more consistently than manual inspection,
but needs calibrated illumination, defect libraries and correlation with human cosmetic acceptance.
Repairable modular bonding

Designs that separate replaceable cover/touch modules from the LCD can recover serviceability while

retaining some optical benefits. Extra interfaces and seals must be included in validation.

Adoption gate

A bonding innovation should enter production only after the exact material-process-stack
combination has passed optical, mechanical and environmental qualification and its rework,
yield and change-control economics are understood.
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| 8. Working with Crystal Display Systems

Crystal Display Systems Limited supports optically bonded industrial displays from material and stack

selection through custom cover glass, touch integration, bonding, ruggedisation and production-ready

monitor or HMI assemblies.

Relevant CDS resources

Resource Purpose

Optical Bonding

Sunlight Readable Displays

LCD TFT Displays

CDS Presentation Download Centre

CDS Knowledge Centre

Request a Quote

Contact CDS

Contact Crystal Display Systems Limited

Crystal Display Systems Limited

Optical bonding options for readability, durability and
condensation control.

High-brightness and optically engineered outdoor display
solutions.

Industrial panel range, long-life options and value-added
integration.

Product and capability presentations for displays, touch and
embedded systems.

Display guides and technical training documents.

Submit project requirements for technical and commercial
review.

Contact details and enquiry routes.

Address: Unit 6 M2M Park, Fort Bridgewood, Maidstone Road, Rochester, Kent, ME1 3DQ, United Kingdom

Telephone: +44 (0)1634 791 600

Email: info@crystal-display.com
www.crystal-display.com

Crystal Display Systems Limited
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| Conclusion

Optical bonding is a manufacturing process and a mechanical interface as much as an optical treatment.
The correct solution balances reflectance, stress, cure compatibility, production yield, environmental
ageing and rework economics. Qualification must be performed on the final material stack using the
intended process window and production acceptance criteria.

Final engineering rules

¢ Approve the complete adhesive, glass, touch, coating and panel stack as one controlled design.

e Select modulus and bond thickness from mechanical and thermal stress, not optical clarity alone.
¢ Validate after ageing for bubbles, delamination, yellowing, mura and touch drift.

¢ Define rework, cosmetic limits and process traceability before production release.

¢ Requalify material, process and geometry changes that can alter bond behaviour.

Disclaimer

This whitepaper provides general engineering guidance and does not replace application-specific design review, supplier
specifications, regulatory assessment or formal product qualification. Performance depends on the exact components,
implementation, environment and usage profile.
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