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Introduction
Modern industrial, medical, transportation, and commercial display
systems must deliver high optical clarity, mechanical robustness,
and environmental reliability. As display technologies advance, the
method for integrating the cover glass, touch sensor, and LCD
module has become a critical design variable. Crystal Display
Systems Limited (CDS) provides both air-gap and optically bonded
display solutions, enabling engineers to select the most appropriate
construction for their application. Understanding the technical
differences between these two approaches is essential when
evaluating display performance under real-world conditions.

 This technical manual provides an engineering-focused
comparison of optical bonding and air-gap display architectures,
offering guidance on optical characteristics, mechanical behaviour,
environmental resistance, and integration requirements. It serves as
an educational resource for product designers and procurement
engineers evaluating CDS display technologies. Additional product
details and datasheets are available at www.crystal-display.com.
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An LCD module contains several layers, including the backlight, TFT
cell, polarisers, touch sensor (where applicable), and cover glass.
The manner in which the cover glass is attached or laminated to the
LCD significantly impacts optical and mechanical performance.

Air Gap Construction
 In a standard configuration, the cover glass or touch panel is
mounted above the LCD with a small air cavity (typically 0.5–1.0
mm). This architecture is widely used because of its cost efficiency
and flexible integration.

 Characteristics of air-gap construction:
 • Distinct separation between LCD surface and cover glass.
 • Increased internal reflections due to air-to-glass index mismatch.
 • Susceptibility to condensation or dust ingress if enclosure sealing
is compromised.
 • Lower repair cost because components can be separated more
easily.

Optical Bonding Construction
 Optical bonding fills the gap between the LCD and cover glass using
a transparent adhesive such as silicone, epoxy, or optically clear
resin (OCR). CDS employs advanced bonding processes optimised
for industrial and high-brightness displays.

 Characteristics of optical bonding:
 • Adhesive eliminates the air layer and index mismatch.
 • Improved luminance performance in outdoor and high-ambient-
light environments.
 • Enhanced mechanical strength and resistance to shock and
vibration.
 • Reduced internal condensation and fogging.
 • Greater durability in humid or rugged environmental applications.

 For further details on CDS optical bonding services, visit
www.crystal-display.com/optical-bonding

Technology Overview
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Technical Performance Comparison

The following sections detail the measurable differences between air-gap and optical
bonding technologies across key engineering parameters.

Optical Performance
1.1 Reflections and Contrast
 Air-gap displays typically exhibit 8–12% internal reflection due to the high refractive
index contrast between glass and air. This can reduce contrast in outdoor or high-
brightness environments.

 Optically bonded displays reduce reflections to 1–2%, significantly increasing
perceived contrast ratio. The absence of an air layer prevents reflected light from
bouncing back and forth between surfaces.

Brightness and Readability
 Optical bonding minimises light scatter within the display assembly, improving
transmission efficiency by 6–10%. This results in:
 • Higher adequate brightness.
 • Improved sunlight readability.
 • Reduced need for high-power backlights.

Parallax Error
 Air gaps create an apparent separation between displayed content and the touch
surface, especially noticeable in thick-glass applications.

 Optically bonded displays eliminate this effect, resulting in:
 • Improved touch accuracy.
 • More precise stylus operation.
 • Better user experience in automotive, medical, and industrial HMIs.

Mechanical Performance
 2.1 Impact Resistance
 Optical bonding significantly increases mechanical integrity. Bonded structures
distribute external forces more evenly across the assembly.

Benefits:
 • Greater resistance to shock and drop events.
 • Reduced likelihood of cover glass fracture.
 • Better performance under vibration loads.

 Ruggedisation for Harsh Environments
 Optically bonded displays are inherently resistant to internal moisture buildup
because there is no cavity for condensation to form.
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CDS ruggedised bonded displays are commonly used in:
 • Marine systems.
 • Outdoor kiosks.
 • Defence equipment.
 • Industrial automation machinery.

 Air-gap displays may develop internal fogging if exposed to temperature cycling or
humidity.

Environmental and Reliability Considerations
 Temperature Stability
 The adhesive used in optical bonding increases thermal conductivity, enabling more
uniform temperature distribution across the LCD.

 This results in:
 • Reduced thermal stress.
 • Improved low-temperature operation.
 • Increased lifetime of backlight and TFT components.

 Ingress Protection Compatibility
 Optical bonding is strongly recommended when designing IP-rated systems (IP65–
IP69K).

 Air-gap displays require more stringent perimeter sealing to prevent dust and liquids
from entering the air gap.

Weight and Form Factor
 Optical bonding can enable thinner glass and slimmer mechanical assemblies by
increasing structural integrity.
 Air-gap displays may require thicker glass for equivalent protection.

Application Scenarios
Outdoor Displays and Sunlight-Readable Applications
 Optical bonding is preferred for improved brightness and reduced reflectivity.
 Typical CDS applications include:
 • EV charging stations.
 • Outdoor kiosks.
 • Transportation signage.

 For outdoor product specifications, visit www.crystal-display.com/sunlight-readable-
displays

 Industrial Control Panels
 Depending on the environment, both architectures may be used:
 • Optical bonding for vibration-heavy machinery or wash-down areas.
 • Air gap for low-cost indoor operator panels.
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Medical and Laboratory Equipment
 Optical bonding improves durability and ease of cleaning. It also enhances precision
for touch interfaces used in analytical instruments.
https://crystal-display.com/products/medical-displays/

Consumer and Light Commercial Devices
 Air-gap displays may be preferred for cost-sensitive designs that do not require high
optical performance.
 Air-gap displays may be preferred for cost-sensitive designs that do not require high optical performance.

 1. Selecting the Correct Cover Glass
 When specifying optically bonded modules:
 • Choose glass thickness based on impact requirements.
 • Consider anti-reflective (AR) or anti-fingerprint (AF) coatings.
 • Ensure compatibility with PCAP touch sensors.

 2. Mechanical Mounting
 To maintain bonding integrity:
 • Avoid pressure points around the display perimeter.
 • Allow uniform compression where gasket mounting is used.
 • Ensure mechanical tolerances are within CDS guidelines.

 3. Touch Interface and Controller Tuning
 Projected capacitive (PCAP) systems require tuning when the cover-glass thickness
changes. CDS provides controller optimisation support.

 Common considerations:
 • Grounding strategy.
 • Noise immunity.
 • Glove or water operation settings.

 4. Thermal Management
 Bonded displays dissipate heat more efficiently. Ensure:
 • Adequate airflow or conduction paths.
 • Avoid direct heat sources on bonding adhesive interfaces.

 5. Compatibility with Interface Protocols
 CDS displays support:
 • LVDS
 • HDMI
 • DisplayPort
 • TTL RGB
 • USB touch interfaces
 • Industrial serial protocols

 Download interface specification sheets at www.crystal-display.com.

Integration Guidelines
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Troubleshooting Considerations
 • Condensation inside the display:
 Occurs primarily in air-gap designs; optical bonding prevents this issue.

 • Ghost touches or touch inaccuracy:
 May result from improper grounding or incorrect PCAP tuning.

 • Brightness inconsistency:
 Check optical bonding uniformity or LCD backlight condition.

 • Mechanical stress cracks:
 Ensure correct mounting tolerances and verify that the bonded glass was not over-
constrained.

Conclusion
Optical bonding offers significant advantages in optical clarity, mechanical
robustness, and environmental durability compared to traditional air-gap
construction. While air-gap displays remain suitable for controlled indoor
environments and cost-sensitive applications, optical bonding is the preferred
solution for outdoor, industrial, and mission-critical display systems.

 Crystal Display Systems Limited provides custom bonding, glass design, and
integration support for OEMs requiring optimised display performance. For
engineering assistance, datasheets, and product selection guidance, visit:

www.crystal-display.com

 CDS technical specialists are available to guide system engineers through cover-
glass specification, bonding selection, optical enhancement, and full-system display
integration.
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Need any additional information?

If you need any assistance with pricing information, technical support or require any
additional information our team would be more than happy to assist

CONTACT US:

Crystal Display Systems Ltd
Unit 6 M2M Park, Fort Bridgewood
Maidstone Road, Rochester, 
Kent. ME1 3DQ

T  : +44(0) 1634 791600
E  : info@crystal-display.com
W : crystal-display.com

SPECIALIST GLOBAL SUPPLIERS IN INNOVATIVE LCD
DISPLAY, TOUCH AND DIGITAL SIGNAGE SOLUTIONS

crystal-display.com FOR INDUSTRIAL DISPLAY SOLUTIONS

Want More Information?
Contact Us Now

Note: Monitor images are for marketing purposes only and you should refer to the
mechanical diagrams for accurate dimensions and designs
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