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Executive Summary

A common misconception among facility managers and operators is that extreme
sub-zero weather negatively impacts the core light-emitting technology of outdoor
LED displays. In physical reality, light-emitting diodes (LEDs) are solid-state
semiconductors that operate with higher optical efficiency and longer operational
lifespans in cold ambient conditions.

However, deploying digital signage in sub-zero climates introduces specific
mechanical and thermal challenges:

» Cold-start thermal shock on power distribution units and integrated circuit (IC)
driver boards.

* Internal condensation freeze-thaw cycles inside non-sealed enclosures.

* Front-face snow and ice accumulation obstructing display visibility.

Rather than relying on high-draw auxiliary heating elements, modern outdoor LED
enclosures leverage internal thermal dissipation—redirecting heat generated by
power supplies, IC drivers, and diode forward voltage—to maintain a stable internal
microclimate. This paper examines the physics of semiconductor behavior in freezing
temperatures, the mechanics of self-sustaining thermal loops within IP-rated weather-
sealed enclosures, and best practices for sub-zero operational reliability.



The Engineering Reality: Cold Weather & LED Efficiency

Semiconductor Physics at Sub-Zero Temperatures

Unlike incandescent or liquid-crystal display (LCD) technologies—which suffer from severe sluggishness or total liquid
crystal freezing at temperatures below -20° C (-4° F )—LEDs excel in low ambient temperatures.
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Internal Quantum Efficiency (IQE): As ambient temperature drops, the junction temperature (T_j) of the LED
diode decreases. Lower junction temperatures reduce non-radiative recombination rates, increasing the overall
photon extraction efficiency of the semiconductor.

Forward Voltage & Heat Dissipation: While forward voltage (V_f) slightly increases at lower temperatures, the
overall thermal stress on the diode substrate is significantly reduced, slowing the rate of lumen depreciation
and extending total operational lifespan.

Primary Structural & Operational Challenges in
Freezing Climates

While the LEDs themselves benefit from the cold, surrounding electronic and mechanical components face
specific failure modes if unmitigated:

Moisture Ingress and Dew Point Trapping: When ambient air inside a non-sealed cabinet cools rapidly, ambient
moisture condenses on cold internal surfaces. In sub-zero conditions, this condensation freezes, leading to
trace-line corrosion, shorts, and mechanical expansion stress on soldered connections.

Inrush Current & Thermal Shock During Cold Starts: Powering on electronic components from a “dead cold”
state (e.g.,-40° C) subjects power capacitors and driver ICs to severe thermal expansion stress as currents
rapidly elevate internal component temperatures.

Face-Mask Ice Accumulation: Wind-driven snow and freezing rain can collect on module louvers. Without
sufficient forward thermal radiation from within the cabinet, ice buildup obscures pixel visibility and distorts
beam angles.



Thermal Dissipation & Internal Microclimates

The Physics of Internal Heat Generation

An outdoor LED display enclosure is an active electrical ecosystem. When operating, heat is generated primarily by
three main hardware subsystems:

AC/DC Switching Power Supplies: Convert incoming alternating current to low-voltage direct current (typically
4.2V-5V), operating at 85%" to “ 92% efficiency. The remaining 8%" to “ 15% of total power consumption is dissipated
directly into the enclosure as sensible heat.

Integrated Circuit (IC) LED Drivers: Constant-current driver ICs regulate power delivery to individual diode channels.
Electrical resistance within these drivers converts energy into localized ambient thermal radiation.

Diode Forward Voltage Drop (V_f): While a portion of the electrical energy supplied to the LED chip is emitted
as visible light (photons), the remaining energy is
converted to thermal energy at the semiconductor
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Mitigating Auxiliary Power Costs: Traditional heating

elements can require 100" W to “ 300" W” per square meter of extra power draw. Utilizing system-generated heat
maintains the internal ambient temperature within safe operational thresholds (typically above -20°C inside the cabinet
during an active -40°C exterior freeze) without incremental energy expenditure.

IP Dust/Scolid  Liquid/Moisture Sub-Zero Functoma .
Rating Ingress Level Ingress Level Benefit IngreSS PI‘OteCtIOH (I P) &
< & % Moisture Isolation
. Protected Prevents . .
Full F_Ilmtectlnn against water wind-driven arom To ensure internal thermal curreqts remain
against dust jets from any from penetating gffectwe, the epclosurg must maintain strict
contact. angle. cabinet seans. ingress protection against external atmospheric
interaction.
5 Ny - A minimum rating of IP65 on the front face
: Protected ~ Frevents liquid and IP67 on sealed sub-components prevents
Full protection - water ingress . " .
against full : - external humidity from crossing the boundary into
IP&67 against dust e during rapid . ) . Lo
contact. . ] melt-and-refress fche internal m|crocllmate, comp!gtely e'I|m|nat|ng
o 1m. cyce. internal frost formation on sensitive Printed

Circuit Board (PCB) traces.



Operational Best Practices for Sub-Zero Deployments

Power Management: Continuous Low-State vs. Cold Starts

The most critical operational strain on electronic components in sub-zero climates occurs during a “cold boot"—
powering on system electronics after prolonged exposure to sub-zero ambient temperatures while in a completely
de-energized state.

Risk of Cold Boots: Applying full voltage to cold capacitors, transformers, and solder joints induces rapid thermal
expansion (AT). Over repeated cycles, differential thermal expansion between copper traces, FR-4 PCB substrates, and
lead-free solder alloys induces micro-fracturing (fatigue failure).

Mitigation Strategy (Continuous Trickle State): Operating the display with a baseline power load—even when no active
image is displayed (e.g., maintaining a low-level black or ambient background signal)—keeps switching power supplies
active. This maintains a baseline internal temperature of +5i “C to “+15 “C" above ambient, entirely bypassing the
risk of cold-start thermal shock.

Front-Face Passive Defrosting Dynamics

Snow and ice accumulation on the exterior face of an LED display can obscure content and place mechanical weight
on module louvers.

Conductive Heat Transfer: Thermal energy generated at the diode junction (T_j) conducts forward through the
aluminum or specialized polycarbonate heat-sink housing of the module mask.

Passive Clearing: Heat radiating through the front surface of the display raises the surface temperature of the
polycarbonate louvers slightly above 0%l “C” (32*1 “F" ). This thermal transfer prevents ice bonding, allowing fresh
snow to slip off the module face passively without requiring manual clearing or mechanical scraping.
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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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