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The Engineer’s Checklist for 

Choosing Embedded Displays  

A Comprehensive Reference for Hardware & Embedded Engineers 

 

Making the right display choice before design lock-in saves 

weeks of costly rework. 
 

 

 

You’ll learn why these key topics must be addressed early in the design process to 

prevent integration issues, redesigns, and supply chain problems later: 

 

• Interface compatibility — SPI, MIPI, LVDS, RGB, and parallel protocols 

• Sunlight readability — brightness, contrast, and optical bonding 

• Touch integration — resistive, capacitive, and in-cell options 

• Power consumption — display power budgeting and backlight management 

• Long-term availability — lifecycle planning and supply chain strategy 

 

 

 

Talk directly with our engineers when you are ready! 

 

1-800-407-8917  x801 

engineering@dcltek.com 

Book A Call | Dcltek Web 
  

mailto:engineering@dcltek.com
https://www.dcltek.com/contact-us/
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1. Introduction 

 

Display selection is one of the most consequential decisions in embedded product design. Unlike processor 

or memory choices — where pin-compatible alternatives often exist — a display is tightly coupled to the 

host system through its electrical interface, mechanical form factor, optical stack, and firmware driver. A 

mismatch discovered late in development typically requires PCB respin, firmware rework, and schedule 

slippage measured in weeks or months. 

 

This guide is written for hardware and embedded engineers responsible for selecting and integrating 

displays into products ranging from handheld industrial devices to outdoor kiosks. It addresses the five 

critical decision areas that most commonly cause late-stage problems, providing the technical depth needed 

to make sound choices at the requirements phase. 

 

Who this is for: Hardware engineers, embedded system designers, and technical product leads 

working on new product development where a display is a primary user-interface element. 

 

1.1  How to Use This Guide 

Each chapter maps to one of the five criteria in the selection checklist. Work through them in order — 

interface compatibility first, then optics, touch, power, and finally sourcing. Decision tables throughout each 

chapter allow you to quickly map your requirements to a shortlist of display technologies. 

 

1.2  When to Start 

Display selection should begin during system requirements definition — before schematic capture. At 

minimum, interface type and form factor should be resolved before PCB layout begins. Optical bonding and 

touch stack choices must be resolved before mechanical enclosure design. 

 

⚠  Choosing a display after PCB layout is complete is the single most common cause of costly 

display-related respins. Lock display interface type before routing the host processor. 
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2. Interface Compatibility 

 

The electrical interface between host processor and display panel determines pixel throughput, cable 

routing complexity, driver software requirements, and EMI behavior. Selecting an incompatible or 

mismatched interface is the most technically unrecoverable display error — requiring PCB respin to correct. 

Understanding the options early is essential. 

 

2.1  Interface Overview 

 

Interface Resolution Range Cable Count Typical Use Case Driver 

Complexity 

SPI Up to QVGA 

(320×240) 
4–6 wires Small MCU-driven status 

displays 
Low 

Parallel RGB Up to WXGA 

(1280×800) 
20–40 wires Mid-size panels, 

FPGAs/DSPs 
Medium 

LVDS (1-ch) Up to XGA 

(1024×768) 
4 diff pairs + clk Industrial panels, fanless 

PCs 
Low–Medium 

LVDS (2-ch) Up to WUXGA 

(1920×1200) 
8 diff pairs + clk High-res 

industrial/medical 
Medium 

MIPI DSI (1-lane) Up to 720p 1 diff pair + clk Mobile, wearables Medium–High 

MIPI DSI (4-lane) Up to 4K 4 diff pairs + clk Tablets, embedded 

computing 
High 

eDP Up to 4K+ 1–4 lanes Laptop-class embedded 

displays 
High 

 

2.2  SPI Displays 

SPI interfaces suit low-resolution, cost-sensitive applications where a microcontroller drives a small status 

display. Maximum achievable frame rates at QVGA resolution over SPI are typically 10–30 fps depending on 

clock speed. SPI is not suitable for colour video or animations requiring more than ~15 fps at resolutions 

above 320×240. 

 

Key engineering considerations: 

• SPI clock frequency directly limits refresh rate — budget 8 bits per pixel × pixels × frames per second 

• Most SPI panels require a hardware reset line in addition to CS, CLK, MOSI, DC 

• Avoid bus sharing with other SPI peripherals if display refresh rate is critical 

• Chip-select hold time requirements vary widely between display controllers — check datasheet 
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2.3  MIPI DSI 

MIPI DSI (Display Serial Interface) is the dominant interface for mobile and embedded high-resolution 

displays. Its low pin count and high bandwidth make it attractive for compact designs. However, DSI imposes 

specific electrical and software requirements that must be satisfied by the host processor. 

 

Key engineering considerations: 

• Confirm the host SoC MIPI DSI lane count and maximum lane speed (Gbps/lane) match the panel 

datasheet requirements 

• MIPI DSI operates in two modes: Video Mode (continuous pixel stream) and Command Mode 

(frame-buffered). Confirm mode compatibility with your application processor's MIPI IP block 

• Lane termination and ESD protection placement are critical — follow the MIPI Alliance physical layer 

specification and your display vendor's layout guide 

• DSI panel initialisation sequences (MIPI DCS commands) must be implemented in firmware. Obtain 

the exact init sequence from the panel manufacturer — generic sequences often fail 

• Maximum trace length between SoC and display connector is typically 100–150 mm at high lane 

rates; always verify with eye-diagram simulation or measurement 

 

Tip: When using Linux, verify the panel driver exists in the kernel DRM/KMS subsystem before 

committing to a panel. Writing a new MIPI DSI panel driver from scratch adds 1–3 weeks to 

schedule. 

 

2.4  LVDS 

LVDS (Low Voltage Differential Signalling) remains widely used in industrial and medical display applications 

due to its noise immunity, long cable drive capability, and mature ecosystem of industrial-grade panels. 

Single-channel LVDS handles up to XGA; dual-channel extends this to WUXGA. 

 

Key engineering considerations: 

• LVDS uses the OpenLDI (FPD-Link) or JEIDA standard — confirm the panel uses the same bit mapping 

as the host; mismatched bit ordering produces colour-scrambled output 

• LVDS requires 100 Ω differential termination at the receiver (panel side) — confirm whether the 

panel includes internal termination or requires external resistors 

• Cable length up to 1–2 m is achievable with careful design; beyond this, consider FPD-Link III 

(serialised LVDS over coax) for longer cable runs 

• LVDS panels are available with industrial temperature ratings (−40°C to +85°C) and extended 
lifetimes, making them well-suited for 10+ year product lifetimes 

 

2.5  eDP 
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Embedded DisplayPort is used in high-resolution embedded applications where laptop-class image quality is 

required. It is common in ARM-based SBCs and x86 embedded computing modules but requires careful 

signal integrity work. 

 

• Confirm DisplayPort AUX channel is supported by the host for panel capability enumeration and 

backlight control (DPCD register access) 

• eDP link training must complete successfully at start-up — implement retry logic in firmware 

• eDP panels typically require 3.3 V panel power and separate backlight power; verify sequencing 

requirements 
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3. Sunlight Readability 

 

Outdoor and semi-outdoor deployments impose optical requirements that standard office-grade panels 

cannot meet. Failing to specify readability requirements early leads to either costly optical stacking late in 

development, or products that are unusable in their intended environment. 

 

3.1  Brightness Requirements by Environment 

 

Environment Min. Brightness (nits) Contrast Ratio (min) Notes 

Indoor office / controlled 

lighting 
250–350 nits 500:1 Standard panel spec 

sufficient 

Indoor bright (retail, hospital) 400–600 nits 700:1 Consider anti-glare 

coating 

Indoor near window / ambient 

light 
600–800 nits 800:1 Optical bonding 

recommended 

Semi-outdoor (covered, 

shaded) 
800–1000 nits 1000:1 High-bright panel 

required 

Outdoor (direct sunlight) 1000–2500+ nits 1500:1+ Transflective or high-

bright + optical bond 

 

3.2  Optical Bonding vs. Air Gap 

Standard displays use an air gap between the cover glass and the LCD panel. This air gap creates two 

reflective surfaces, each reflecting approximately 4% of ambient light back to the viewer. In bright 

environments, this reflected ambient light washes out the image. 

 

Optical bonding replaces the air gap with an optically clear adhesive (OCA) or resin (OCR), eliminating 

internal reflections and improving contrast ratio in high-ambient-light conditions by 2–3×. It also improves 

mechanical robustness and seals the optical cavity against condensation. 

 

Optical bonding trade-offs: 

• Adds 2–5 mm to display stack height — verify enclosure clearance 

• Increases display module cost by $15–$80 depending on size 

• Bonded assemblies cannot be field-repaired — touch or glass damage requires full module 

replacement 

• Specify OCA vs. OCR based on operating temperature range — some OCA films delaminate below 

−20°C 
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⚠  Do not add optical bonding as a late design change. It changes the mechanical envelope, thermal 

characteristics, and supply lead time. Decide during the display module specification phase. 

 

3.3  Anti-Reflection and Anti-Glare Treatments 

Cover glass treatments reduce glare through two different mechanisms: 

 

• Anti-Glare (AG): Surface roughening scatters incident light, reducing specular reflections. Can reduce 

perceived sharpness; avoid for medical imaging or text-critical applications 

• Anti-Reflection (AR): Thin-film interference coating reduces reflection to < 0.5%. Preserves image 

sharpness but is sensitive to surface contamination and abrasion. Suitable for medical, avionics, and 

clean environments 

• Anti-Reflective + Anti-Glare (AR+AG): Combined treatment; higher cost but effective for general 

outdoor use 

 

3.4  Transflective Displays 

Transflective LCDs use a partially reflective back surface that reflects ambient light back through the liquid 

crystal cell, allowing the display to remain readable without a backlight in bright conditions. In low-light 

conditions, the LED backlight supplements the ambient reflection. 

 

This technology is particularly effective for outdoor devices where battery life is critical — the backlight can 

be dimmed or disabled in full sunlight, reducing power consumption by 50–80%. The trade-off is reduced 

colour gamut and lower maximum brightness in dark conditions compared to transmissive panels. 

 

  



 Display Selection Guide 

© DCL Technologies Inc.  |  dcltek.com Page 9 

4. Touch Integration 

 

Touch integration is frequently underestimated in complexity. Beyond selecting a touch technology, 

engineers must address noise immunity, EMI emissions, firmware integration, gloved or wet operation, and 

the impact of cover glass thickness on sensitivity. Identifying these requirements early prevents costly 

rework of both hardware and firmware. 

 

4.1  Touch Technology Comparison 

 

Technology Multi-touch Glove / Stylus Water Resistance Durability Relative 

Cost 

Resistive (4-wire) No (single 

point) 
Yes (any object) Poor (gaskets 

required) 
Moderate (film 

wears) 
Low 

Resistive (5-wire) No (single 

point) 
Yes (any object) Poor Better than 4-

wire 
Low–Med 

Projected 

Capacitive (PCAP) 
Yes (10-point) Conductive stylus Good 

(configurable) 
High Medium 

In-cell / On-cell 

PCAP 
Yes (10-point) Conductive stylus Good High Medium–

High 

Surface Acoustic 

Wave (SAW) 
No Any solid object Limited Glass surface 

only 
High 

Infrared (IR) Grid Yes Any object Limited (cleaning) High High 

 

4.2  Projected Capacitive (PCAP) Deep Dive 

PCAP is now the dominant technology for consumer, medical, and industrial touch interfaces. The sensor is a 

matrix of X and Y drive/sense electrodes laminated into the display stack. A touch controller IC measures 

self-capacitance or mutual-capacitance changes to locate touch points. 

 

Controller selection criteria: 

• I2C vs. SPI interface to host — I2C is simpler but limited to lower report rates; SPI supports 200+ Hz 

for latency-critical applications 

• Interrupt line behaviour — verify active high/low and edge vs. level triggering matches host GPIO 

configuration 

• Firmware customisation — most PCAP controllers require vendor-supplied firmware tuning tools to 

optimise sensitivity for your specific cover glass thickness and dielectric 

• Glove mode and water rejection — these are configurable features in controller firmware, not 

hardware properties; verify firmware support before selecting controller 
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Cover glass thickness impact: 

PCAP sensitivity decreases non-linearly with cover glass thickness. Standard consumer PCAP stacks assume 

0.7–1.0 mm glass. Industrial applications often use 2–4 mm glass for impact resistance. This requires specific 

touch controller tuning and potentially a different sensor design. 

 

Cover Glass Thickness Standard PCAP 

Works? 
Notes 

0.55–1.0 mm Yes Optimum range for standard controllers 

1.1–2.0 mm With tuning Sensitivity reduction 20–40%; firmware reconfiguration 

required 

2.1–3.0 mm Specialist required Requires enhanced sensor design or amplified controller 

3.1–4.0 mm Not recommended Consider IR grid or SAW alternative for thick glass 

applications 

 

4.3  EMI and Noise Immunity 

Touch sensor films are large antennas. In industrial environments — near motors, variable-frequency drives, 

switching power supplies, or wireless radios — PCAP sensors can generate significant radiated EMI or suffer 

susceptibility to conducted noise on the ground plane. 

 

• Specify IEC 61000-4-3 radiated immunity and IEC 61000-4-6 conducted immunity test levels as 

acceptance criteria for touch performance before sourcing sensors 

• Use a shielded flex cable between display module and host PCB; unshielded cables act as noise 

antennas 

• Touch controller ground should connect to chassis ground at a single, low-impedance point — avoid 

ground loops 

• Place touch controller decoupling capacitors within 1 mm of IC power pins; long traces cause 

controller malfunction in noisy environments 
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5. Power Consumption 

 

The display subsystem is typically the dominant power consumer in battery-operated products and a 

significant thermal contributor in fanless systems. Power budgeting must address both the panel's static 

power (logic and pixel circuitry) and the dynamic backlight power, which varies with brightness setting and 

operating duty cycle. 

 

5.1  Display Power Budget Components 

 

Component Typical Range Notes 

LCD panel logic (Vcc) 15–80 mA @ 3.3V Relatively constant; scales with resolution 

LED backlight (full bright) 100–800 mA @ 12–24V Dominant power consumer; varies with size and 

brightness 

LED backlight (typical) 30–50% of max Target operating point for most applications 

Touch controller 5–20 mA @ 3.3V Idle modes available on most modern controllers 

Display interface (MIPI 

DSI) 
10–50 mA Included in SoC power budget; verify with SoC 

datasheet 

 

5.2  Backlight Power Management 

Backlight brightness is the primary lever for display power management. The relationship between PWM 

duty cycle and perceived brightness is non-linear (approximately gamma 2.2 for human vision), so small 

reductions in duty cycle near 100% have little perceptible effect but meaningful power benefit. 

 

PWM dimming considerations: 

• PWM frequency must be above 200 Hz to avoid flicker perception in video content; use 1 kHz or 

higher for medical and safety-critical applications 

• Low duty cycles (< 10%) can cause colour shift in some LCD panels — verify minimum PWM duty 

cycle in the panel datasheet 

• LED driver current regulation (constant current) gives more consistent colour temperature across 

brightness levels than voltage control 

• Backlight enable/disable sequencing must respect the panel's power-up and power-down sequences 

to prevent image retention 

 

5.3  Adaptive Brightness Strategies 

Implementing adaptive brightness in firmware significantly extends battery life in portable applications 

without degrading user experience. An ambient light sensor feeding a brightness control algorithm is the 

recommended approach for outdoor-capable products. 
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• Map ambient light sensor lux reading to backlight duty cycle using a piecewise linear or gamma 

curve 

• Apply hysteresis to the control loop (typically ±10%) to prevent oscillation near transition thresholds 

• Provide a user override with a timeout return to automatic mode 

• Log backlight operating hours if the product has a maintenance requirement — LED backlights 

degrade to 70% brightness (L70) over 20,000–50,000 hours depending on drive current 

 

5.4  Thermal Management 

LED backlights are the primary thermal source in display modules. In fanless enclosures or elevated ambient 

temperatures, thermal management of the display module is critical to both LED lifetime and to preventing 

the LCD cell from exceeding its operating temperature limit (typically 70°C for standard panels, 85°C for 
industrial-grade panels). 

 

• Attach the display module to the enclosure chassis using thermally conductive gap-fill material to 

provide a conduction path to the enclosure wall 

• Derate backlight drive current at elevated ambient temperatures — most LED driver ICs support 

thermal fold-back via NTC thermistor input 

• Verify the LCD cell maximum operating temperature in the panel datasheet — exceeding this causes 

permanent polariser damage 

 

⚠  Operating a standard LCD panel above 70°C will permanently damage the polariser, causing white 
patches or complete polariser delamination. Select industrial-grade panels for environments above 

50°C ambient. 
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6. Long-Term Availability 

 

Display panels are manufactured on dedicated LCD fabrication lines. Unlike commodity semiconductors with 

decade-long production runs, display panels are subject to model transitions driven by consumer electronics 

demand. Industrial-grade displays offer longer production commitments, but planning for obsolescence is 

still essential. 

 

6.1  Product Lifecycle Categories 

 

Category Typical Lifetime EOL Notice Cost Premium Recommended For 

Consumer grade 2–3 years 30–90 days None (baseline) Short-run products, 

prototypes 

Commercial grade 3–5 years 6 months +10–25% Standard industrial 

products 

Industrial / extended 5–7+ years 12 months +25–60% 10-year product 

lifecycles 

Long-life / availability 

contract 
7–10+ years 18+ months +50–100% Medical, defence, 

infrastructure 

 

6.2  Obsolescence Risk Mitigation 

The most effective obsolescence mitigation strategy is design-in of a display module with a confirmed 

extended production commitment from the manufacturer. Where this is not possible, the following 

engineering strategies reduce re-qualification risk when a panel transitions: 

 

• Standardise on display interfaces (LVDS or eDP) that have a wide ecosystem of compatible panels — 

avoid proprietary interfaces that limit second-source options 

• Abstract the display initialisation sequence into a firmware configuration file or header, not 

hardcoded into application logic, to facilitate rapid re-qualification of alternative panels 

• Maintain a dual-source shortlist at design phase — identify at least one second-source panel with 

equivalent electrical and mechanical characteristics before production launch 

• Negotiate last-time-buy (LTB) rights with your display supplier at production start — agree notice 

periods and LTB window in the supply agreement 

 

6.3  Supply Chain Strategy 

Display panel supply is subject to spot price volatility, allocation during demand peaks, and extended lead 

times (10–20 weeks for industrial-grade panels). Building supply chain resilience requires both inventory 

strategy and supplier relationship management. 
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Recommended supply chain practices: 

• Carry 8–12 weeks of safety stock for display panels on programmes with committed production 

volume 

• Establish a direct relationship with the panel manufacturer, not only with the distribution channel — 

direct relationships provide advance EOL notification and allocation priority 

• For high-volume programmes (> 5,000 units/year), negotiate a blanket purchase order or 

consignment stock agreement to lock pricing and capacity 

• Include display panel lead time in your product's master production schedule — do not treat the 

display as a commodity item with short lead times 

 

6.4  Re-qualification Process 

When a panel replacement is required — whether planned or emergency — a structured re-qualification 

process minimises schedule impact and ensures product quality is maintained. 

 

Re-qualification Step Typical Duration Notes 

Datasheet comparison (electrical, 

mechanical, optical) 
1–2 days Focus on interface signals, timing, and init 

sequence differences 

Schematic and layout review 1–3 days Check connector pinout compatibility; may 

require adapter 

Firmware driver update 3–10 days Update init sequence, timing parameters, 

brightness curve 

Functional verification 3–5 days Video, touch, power sequencing, 

temperature extremes 

Environmental / EMC re-test (if required) 2–4 weeks Required if display panel changes affect 

EMC performance 

Documentation update 1–2 days BOM, assembly drawing, test procedure 
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7. Quick-Reference Checklist 

 

Use this checklist at the start of display selection. Each item should be resolved before PCB schematic 

capture begins. 

 

Interface Compatibility 

• Confirmed host processor MIPI DSI / LVDS / eDP / SPI output capability 

• Lane count, lane speed, and operating mode (Video/Command) verified 

• Connector type and mating part confirmed with mechanical engineer 

• Cable length and routing reviewed for signal integrity 

• Linux/RTOS panel driver identified or development time budgeted 

 

Sunlight Readability 

• Ambient light levels documented for all deployment environments 

• Minimum brightness (nits) specified 

• Optical bonding decision made and communicated to mechanical team 

• Cover glass treatment (AG / AR / AR+AG) specified 

• Operating temperature range confirmed against panel specification 

 

Touch Integration 

• Touch technology selected and confirmed against glove/water/stylus requirements 

• Cover glass thickness specified; touch sensitivity verified at that thickness 

• EMI environment characterised; touch controller noise immunity rating confirmed 

• Touch controller interface (I2C/SPI) and interrupt GPIO assigned 

• Firmware driver or SDK availability confirmed 

 

Power Consumption 

• Backlight power budget allocated in system power budget 

• PWM frequency specified (> 1 kHz for medical/safety applications) 

• Adaptive brightness strategy defined (ambient light sensor vs. manual) 

• Thermal management approach confirmed with mechanical engineer 

• Operating temperature derating applied to backlight drive current 

 

Long-Term Availability 

• Panel production commitment (years) confirmed with display supplier 

• Second-source panel identified 
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• Last-time-buy rights negotiated 

• Safety stock level and lead time entered in MPS 

• Obsolescence contact established at panel manufacturer 
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8. Working with DCL Technologies 

 

DCL Technologies specializes in display modules, touch panels, and cable solutions for industrial and 

embedded applications. Our engineering team works alongside hardware teams from requirements 

definition through to production, helping to identify and resolve display integration risks before they 

become schedule problems. 

 

8.1  How We Help 

• Display selection consulting — mapping your requirements to a qualified panel shortlist 

• Interface compatibility review — verifying your host processor and display panel are compatible 

before schematic capture 

• Optical stack specification — bonding, cover glass, and treatment recommendations based on your 

deployment environment 

• Touch integration support — sensor selection, controller firmware tuning, and EMI characterisation 

• Long-life supply agreements — production commitment, safety stock, and LTB programmes 

 

8.2  Contact 

To discuss your next design or request a display selection consultation: 

 

Web: dcltek.com 

Email: info@dcltek.com 

 

© DCL Technologies Inc. All rights reserved. dcltek.com 
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