The Evolution of SMD Pixel
Technology in Outdoor LED Signs

This paper explains how high-brightness SMD pixel technology has
shifted the historic tradeoffs among outdoor luminance, fine pixel
pitch, and long-term performance in LED signs.
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Executive Summary

Outdoor LED sign technology has historically forced buyers to choose between
brightness, longevity, and visual resolution. For decades, the outdoor market was
dominated by Dual In-line Package (DIP) technology—discrete LED lamps that
delivered high brightness but were physically limited to coarse pixel pitches (typically
10mm or larger).

The maturation of high-brightness Surface-Mount Device (SMD) technology has
eliminated this limitation. By integrating Red, Green, and Blue emitters into a single
compact wafer, SMD architectures allow for pixel pitches to scale down from 10mm
to as fine as 0.9mm. This engineering shift—often called the “Resolution Revolution”—
enables outdoor displays to deliver high-fidelity imagery viewable from mere feet
away, effectively merging the visual quality of indoor video walls with the weather
resistance of outdoor signage.



Scope and definitions

This white paper uses the following scope and definitions for clarity and consistency..  SMD pixel: A surface-
mount device package that integrates red, green, and blue LED emitters into a compact package mounted to the
circuit board.

« DIP pixel: A through-hole (dual in-line package) LED architecture using discrete red, green, and blue lamps,
generally associated with larger pixel packages and larger pixel pitch applications.

* Pixel pitch (mm): Center-to-center spacing between adjacent pixels; smaller pitch increases resolution and
supports shorter viewing distances.

 Luminance: Display brightness typically specified in cd/m? (often referred to as nits).

+ Lumen maintenance / L70: A lifecycle metric describing the time until light output declines to 70% of the
initial value.

 Brightness headroom: Additional available luminance capacity that can be used to offset natural light-
output depreciation over time via brightness control.

The Resolution Revolution

Breaking the 10mm Barrier

The most significant contribution of SMD technology to the outdoor market is the decoupling of brightness from
physical size. In legacy DIP systems, each pixel required three separate light bulbs and three sets of soldering leads
punching through the circuit board.™ 2 2 4 This physical footprint created a “hard floor” on resolution—manufacturers
simply could not pack the lamps tighter than roughly 10mm apart without compromising structural integrity or heat
dissipation.” 23

SMD technology removes this physical constraint by placing all three emitters inside a single, encapsulated

package (commonly in 3535 or 2727 form
factors for outdoor use, and even smaller 1515 or
1010 packages for ultra-fine pitch).? 2356
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* DIP Limit: ~10mm Minimum Pitch e
(10,000 pixels/m?)." 23
* SMD Capability: ~0.9mm to 10mm Pitch | ;
(Up to 1,234,000+ pixels/m?).5¢7 F wooon]
This 10x—-100x increase in potential pixel density |
allows outdoor LED signs to display complex '
typography, detailed product photography, and ol

high-detail video content that was previously
difficult to render on legacy outdoor screens.5 ¢ 7

Visual Acuity and Viewing Distance Impact

The shift to tighter pixel pitches fundamentally changes where an LED sign can be effective. The relationship
between pixel pitch and viewing distance is governed by visual acuity limits. A standard industry rule of thumb is
that the minimum viewing distance (in meters) is roughly equal to the pixel pitch (in millimeters).¢ 7

Legacy 16mm DIP Sign: Requires the viewer to be 16+ meters (52 feet) away to see a clear image. Anyone closer
sees a grid of colored dots.® 7

Modern 2.9mm SMD Sign: Becomes a seamless image at just 2.9 meters (9.5 feet).6 7

By pushing pitch capability down to 0.9mm-2.5mm, SMD technology opens entirely new architectural applications:
pedestrian-level kiosks, drive-thru menu boards, and street-level advertising where viewers are arm’s-length from
the display.5¢”



Outdoor visibility requirements and brightness headroom

Outdoor electronic displays must remain legible in high ambient light. Guidance for changeable/digital
signs often expresses daylight luminance limits and targets in cd/m?2. Some roadway-focused guidance
sets a daylight cap around 5,000 cd/m?2 for certain sign types and locations, with lower night-time limits.®
Other compendia of state rules for

changeable message signs cite (igh Amscaution  Shaep Datad Lgucy 1 Fostat
daylight luminance limits that can

be substantially higher (for example,
tens of thousands of cd/m? under
bright illumination).® Because

outdoor luminance requirements

vary by application and regulation,
designers rely on brightness control
and headroom so that light output can
be adjusted over the service life as
output naturally declines.™ "

Contrast and Image Fidelity

Beyond resolution, the architecture
of the SMD pixel improves contrast.
DIP lamps typically protrude from the board and require plastic “louvers” (sun shaders) to block sunlight, which
can cast shadows and reduce viewing angles.” 22 SMD pixels lie flat against the board and often utilize “Black
Face” or “Black Body” encapsulation, where the space between the LEDs is matte black.” 2 % ¢ This increases
the contrast ratio significantly, making blacks deeper and colors more vibrant even in direct sunlight.” 35 ¢
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Limitations and Statement on Evidence

This white paper is based on established industry standards and physics principles governing LED packaging. Actual
visual performance is subjective and influenced by viewing distance, content resolution, and ambient light conditions.
While SMD technology allows for pitches as low as 0.9mm, thermal management and cost constraints remain practical
considerations for ultra-fine pitch outdoor deployments.
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ABOUT NEXT LED SIGNS

NEXT LED Signs is a U.S.-based manufacturer of large-format LED display systems, specializing
in outdoor LED signs, digital scoreboards, and high-performance video displays for education,
municipal, commercial, and live-event environments. With decades of combined engineering
experience, NEXT LED Signs designs and builds solid-state LED displays engineered for long-term
reliability, reduced maintenance, and lower total cost of ownership.

NEXT LED Signs systems are deployed across the United States in schools, stadiums, civic spaces,
and commercial installations where performance, uptime, and durability matter most. Every display
is built with a focus on thermal management, component longevity, and serviceability—delivering
dependable operation in demanding outdoor conditions.

For more information about LED signs, scoreboards, and solid-state display engineering, visit www.
nextledsigns.com, email info@nextledsigns.com, or call (888) 359-9558.
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