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| Executive summary

LVDS, eDP, MIPI DSI and HDMI can all deliver reliable industrial video when applied within their
electrical and ecosystem assumptions. Failures usually arise from uncontrolled channels, return-path
discontinuities, cable variation, power sequencing or configuration ownership rather than from the
protocol name.

A cross-functional design must therefore link PCB stack-up, connector/cable, panel timing, firmware,
shielding and EMC validation. Successful nominal operation is only the starting point; margin and
recovery behaviour determine production robustness.

Core recommendation

Create a channel budget and assign hardware/firmware ownership before layout. A display link
is not qualified until worst-case interconnect, temperature, power sequence and EMC stress
preserve image and recovery margin.

How to use this whitepaper

¢ Use the requirement table to convert display-link integrity expectations into measurable pass/fail criteria.

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

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

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

e Select the interface from bandwidth, distance and ecosystem, then design the physical channel as a
controlled transmission path.

¢ Preserve differential impedance and continuous return paths through connectors, flexes and plane
transitions.

¢ Control common-mode current with balanced routing, reference integrity and deliberate shield/chassis
termination.

¢ Treat power sequencing, link training and hot-plug behaviour as part of interface reliability.

¢ Validate margin with worst-case cable, temperature, source/sink variation and active EMC stress.
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1. Define bandwidth, reach and environment before

selecting an interface

A useful interface specification states active timing, lane rate, colour depth, cable route and motion,

source/sink devices, connector/shield strategy, power sequence, EMC environment and required
diagnostics. This establishes whether the link has enough physical and lifecycle margin.

Requirement domain Questions to resolve

Interface requirement

Physical route

Electrical environment

Source/sink compatibility

Return path

Validation

Crystal Display Systems Limited

Resolution, refresh rate, colour depth, blanking, lane count,
pixel clock, link coding, auxiliary channels and audio/HDCP
requirements.

PCB trace length, flex or cable length, connector count, hinge
or drag-chain motion, shielding, chassis transitions and
service disconnects.

Motor drives, relays, RF transmitters, DC/DC converters, ESD
zones, cable bundles, earth structure and common-mode
currents.

Voltage levels, lane mapping, swing/pre-emphasis,
termination, EDID/DPCD, panel timing, training, reset and
power sequence.

Reference planes, split crossings, connector grounds, chassis
bonding, shield termination and isolation boundaries.

Eye/jitter measurements, BER or error counters, margin
sweeps, cable variants, hot/cold operation, EMC immunity and
emissions pre-scan.
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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 interface and interconnect architecture 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 display-link integrity 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

e Set pass/fail gates for the mandatory display-link integrity requirements before comparing desirable
features.

e 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. Display interface technologies and channel
architectures

2.1 LVDS panel interface

LVDS carries pixel data over multiple low-voltage differential pairs with a separate clock in many
industrial panels. It is mature and tolerant at moderate cable lengths when pair impedance, skew,
mapping and common-mode range are controlled. There is no universal LVDS panel pinout or timing
convention.

e Strengths: broad legacy panel support, deterministic timing and established controller ecosystem.

¢ Limitations: many pairs, connector-specific mappings, limited link management and increasing obsolescence
in newer processors/panels.

e Best fit: embedded industrial TFTs with short to moderate internal cables and stable legacy platforms.

2.2 Embedded DisplayPort (eDP)

eDP uses packetised high-speed lanes with link training and an auxiliary channel. It reduces pair count
and supports higher bandwidth, but requires correct lane rate, equalisation, AUX communication, panel
power sequencing and firmware integration.

e Strengths: high bandwidth, scalable lanes, modern processor support and reduced interconnect count.

e Limitations: training sensitivity, high-frequency loss, firmware/EDID-DPCD interactions and more demanding
PCB/channel design.

¢ Best fit: modern x86 and high-resolution embedded systems with controlled internal interconnects.
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2.3 MIPI DSI
MIPI DSI is common in Arm and mobile-derived systems. D-PHY or C-PHY lanes provide high bandwidth at
low pin count, often over short flex routes. Command/video modes, lane state transitions, panel
initialisation and processor-specific driver support are critical.

o Strengths: low pin count, power efficiency and strong integration with Arm SoCs.

e Limitations: short-reach physical assumptions, limited connector standardisation and high dependence on
software initialisation sequences.

¢ Best fit: compact Arm-based HMIs with tightly integrated display and processor mechanics.

Interface ownership

Assign ownership of timing, lane configuration, initialisation commands, EDID/DPCD data and
power sequence. Many display-link failures sit between hardware, firmware and panel-supplier
responsibilities.

2.4 HDMI

HDMI is a consumer-origin external interface with TMDS or FRL signalling, EDID, hot plug and optional
HDCP. It offers excellent ecosystem compatibility and detachable cabling but adds connectors, compliance
expectations and hot-plug/ESD exposure.

2.5 Bridges, redrivers and active cables

Bridge ICs convert protocols or timing, while redrivers/retimers extend channel margin. These devices can
solve compatibility and distance problems but add clock-domain, firmware, power-sequence, latency and
lifecycle dependencies.
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| 3. Comparative decision matrix

ical internal -
Typicali Strong Strong Limited Excellent
reach
Bandwidth scalability = Limited Excellent Excellent Excellent
Pin / pair count Limited Excellent Excellent Strong
Legacy panel support  Excellent Limited Limited Strong
Modern SoC support Moderate Excellent Excellent Excellent
Firmware
wmw Excellent Moderate Limited Strong
dependency
Hot-plug ecosystem Poor Limited Poor Excellent
EMC channel
. Strong Moderate Moderate Moderate
difficulty
Connector - N
.. Limited Moderate Limited Excellent
standardisation
L -t i ti
ong-term migration Limited Excellent Excellent Excellent

outlook

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

21.5-inch 1080p

bandwidth

1m 11.1ternal cable 5 4 4 5
margin

EMC in motor cabinet 5 4 4 3
Processor native 4 9 5 5
support

Detachable service 3 9 3 5
cable

Firmware integration 3 5 3 4
Lifecycle flexibility 4 2 5 5
Weighted total 97 123 132

For this modern 1080p machine HMI, eDP leads because it combines native processor support, bandwidth
and controlled internal-cable performance. HDMI is attractive for serviceability but adds external-
interface and EMC exposure; LVDS remains robust but carries migration risk.

Reading the result

e LVDS is credible where panel mapping and processor support are stable, but should not be selected without
an obsolescence plan.

¢ eDP needs channel-loss and link-training margin across cable and temperature, not merely a successful
nominal boot.

e HDMI is appropriate when detachable ecosystem compatibility outweighs connector, hot-plug and
compliance overhead.
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| 4. Engineering trade-offs that change the answer

4.1 Differential impedance is a channel property

PCB traces, vias, connectors and flex/cable sections form one channel. A nominal 100-ohm pair on one
segment does not correct discontinuities or pair uncoupling elsewhere.

4.2 Return-path breaks create common-mode emissions

Differential signalling still needs image-current return paths. Plane splits, connector transitions and shield
pigtails convert differential energy into common-mode current that radiates efficiently.

4.3 Skew and lane-to-lane mismatch matter differently

LVDS clock/data skew can shift sampling directly; packetised links tolerate some lane differences but rely
on training and deskew limits. Match according to the protocol, not a generic rule.

4.4 Cable loss changes with temperature and construction

Long, fine-gauge, flexing or low-cost cables can add insertion loss, impedance variation and mode
conversion. Validate approved cable vendors and maximum routing length.

4.5 ESD protection can consume the eye opening

Protection devices add capacitance, imbalance and stubs. Select low-capacitance parts, place them at the
entry, and verify both ESD performance and high-speed channel margin.

4.6 Power sequence can mimic signal-integrity failure

A panel that occasionally starts blank may have link training, reset, rail or backlight sequencing faults
rather than insufficient eye margin. Instrument power and protocol states together.
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| 5. Application-led recommendations

Short internal industrial TFT link

LVDS or eDP can be robust. Use controlled-impedance routing, a keyed connector, solid ground returns
and explicit panel mapping/power sequence.

Arm HMI with compact flex

MIPI DSI is efficient when the SoC BSP supports the exact panel. Keep the flex short and control lane state,
reset and initialisation commands.

Remote industrial monitor

HDMI or DisplayPort-class external links are usually preferable to raw panel interfaces. Use locking
connectors, shield bonding and surge/ESD protection.

Hinged or moving operator panel

Select flex-rated cable, maintain bend radius and verify impedance after motion life. Connector retention
and shield continuity are as important as nominal bandwidth.

High-EMI motor-control cabinet

Minimise loop area, bond shields to chassis at the entry, segregate power switching and validate immunity
while displaying error-sensitive patterns and monitoring link status.
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6. Qualification and sourcing checklist

Review stack-up, impedance, spacing,
[1] Channel construction via transitions, connector models, cable
drawings, shield and return path.

Verify timing, lane count/rate, mapping,
[1] Protocol EDID/DPCD or init commands, training
and error/status registers.

Measure panel rails, reset, AUX/HPD,
[1 Power sequence data enable, backlight and shutdown
timing over repeated cycles.

Run cable-length/vendor, voltage,
temperature, lane-rate and drive-
strength sweeps; capture eye/jitter or
error counters where available.

[1 Margin

Apply ESD, EFT, surge, conducted and
[1 EMC immunity radiated RF while monitoring image,
touch, link errors and recovery.

Pre-scan radiated/conducted emissions
[1] Emissions with worst-case patterns, brightness,
lane rate and cable arrangement.

Test connector retention, flex life,
[] Mechanical vibration, cable routing and
shield/chassis contact.

Freeze panel timing, cable, connector,
[1] Configuration control bridge/redriver, firmware, EDID and
approved substitutions.

Questions to ask a display partner

e What full channel loss, impedance and skew budget supports the proposed lane rate and cable length?
e Which panel mapping, timing, EDID/DPCD or MIPI initialisation data are controlled deliverables?
e How are shields and high-speed return paths bonded through every connector and enclosure transition?
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e What link-training, error-counter or margin data are available across temperature and cable variants?
e How does the system recover from ESD, hot plug, panel reset and partial power conditions?

e Which bridge, redriver, cable or connector changes trigger requalification?

Minimum evidence pack for design approval

¢ Controlled interface schematic, PCB stack-up, routing constraints and interconnect drawings.

¢ Protocol configuration package including timing, mapping, lane rates, EDID/DPCD or init commands.
e Power-sequence and reset measurements over cold, hot and repeated cycling.

e SI margin evidence such as eye, jitter, BER/error-counter or structured stress sweeps.

e EMC immunity/emissions pre-compliance results with functional monitoring.

¢ Golden units, approved cable/connector list and lifecycle/change-control plan.
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| 7. Beyond point-to-point copper links

Embedded display interconnects are moving toward higher lane rates, packetised fabrics and optical or
networked distribution. Adoption should reduce system risk or enable a clear mechanical benefit, not
merely replace a well-margined existing link.

USB-C DisplayPort Alt Mode

One connector can carry display, data and power, but orientation, cable identity, power delivery, alt-mode
negotiation and ESD make the system more complex.

Single-pair and automotive links

SerDes links can carry video over longer harnesses with robust diagnostics. They add serializers, clocking,
protocol configuration and vendor-lifecycle dependencies.

Optical display interconnect

Fibre removes ground-loop and EMI coupling over long distance. Transceiver power, connectors, latency,
bend radius and serviceability require evaluation.

Retimer-based high-rate channels

Retimers recover timing and loss margin but introduce equalisation tuning, reference clocks, firmware
and compliance interactions.

Networked / compressed video

Ethernet or IP video improves routing flexibility and distance but adds latency, compression artefacts,

cybersecurity and deterministic-startup considerations.

Adoption gate

A new interface should enter production only when the channel budget, protocol ownership,
power sequence, EMC behaviour, component lifecycle and diagnostic/recovery strategy are all
documented and validated.
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| 8. Working with Crystal Display Systems

Crystal Display Systems Limited supports display-interface integration with industrial TFTs, controller and

interface electronics, embedded panel PCs, custom cabling and complete monitor or HMI development.

Relevant CDS resources

LCD TFT Display Components

LCD TFT Displays

Industrial Panel PC Solutions

Industrial Automation Displays

CDS Knowledge Centre

Request a Quote

Contact CDS

Contact Crystal Display Systems Limited

Crystal Display Systems Limited

Display components, interface boards, touch sensors and
specialist technologies.

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

Integrated industrial HMI and panel PC solutions with
customisation options.

Display, monitor and computing solutions for automation and
machine HMI.

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

Robust display links require simultaneous control of protocol, transmission-line physics, power sequence
and EMC return paths. LVDS remains useful for established panels, eDP and MIPI DSI align with modern
processors, and HDMI provides detachable ecosystem compatibility. The correct interface is the one with
measured channel margin, owned configuration data and deterministic recovery under the equipment
environment.

Final engineering rules

¢ Choose the protocol from bandwidth, reach, software and lifecycle, then engineer the complete physical
channel.

e Preserve impedance, pair balance and return paths through every connector and plane transition.

¢ Control mapping, timing, training and power sequence as released configuration data.

¢ Test worst-case cables, temperature, EMC stress and repeated power cycles.

¢ Plan migration for interfaces, bridges and processors before obsolescence forces a redesign.

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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