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Executive Summary

For outdoor industrial applications—from digital signage and parking meters to remote environmental
sensors—readability and power autonomy are the primary design constraints. While Electronic Paper Displays
(e-Paper/EPD) solve the readability challenge through their reflective nature, they present unique power
management hurdles when exposed to the thermal extremes of outdoor environments.

This whitepaper explores the engineering strategies required to minimize power consumption in outdoor EPD
systems, specifically focusing on waveform management, temperature compensation, and update algorithms.

1. The Outdoor Advantage: Fighting the Sun with Physics

Traditional TFTs fight the sun; e-Paper uses it. In an outdoor environment, a transmissive TFT LCD requires a
high-brightness backlight (1,000+ nits) to remain legible, often drawing 500mW to 4W of continuous power. In
contrast, e-Paper is reflective. As ambient light increases (direct sunlight), contrast improves naturally without
additional energy. The display consumes power only when the image changes (bistability), making it the only
viable solution for solar or battery-powered outdoor edge devices.

Figure 1: Reflective LCD display (left) vs. e-Paper display (right) showing superior outdoor readability

Crystalfontz America | 12412 East Saltese Avenue, Spokane Valley, WA 99216
support@crystalfontz.com | www.crystalfontz.com

Page 1 of 3



2. The Hidden Power Drain: Temperature Variance

The most critical variable in outdoor e-Paper power estimation is temperature. e-Paper works by physically
moving charged particles through a fluid. The viscosity of this fluid changes drastically with temperature.

The Cold Weather Penalty:

As temperatures drop, the fluid becomes more viscous. To move the ink particles to their new position, the
display controller must apply the drive voltage for a longer duration.

Impact:

An update that takes 2 seconds at 25°C may take 5+ seconds at 0°C, more than doubling the energy
consumption per refresh.

The Optimization Strategy:

Integrated Temperature Sensors: Ensure your design utilizes the EPD's internal temperature sensor (or
an external board-level sensor) to read ambient conditions before every update.

Adaptive Waveforms (LUTs): The system must dynamically select the correct Look-Up Table (LUT)
waveform for the current temperature. Using a "Room Temp" waveform in freezing conditions will not only
result in a ghosted/faint image but may fail to update entirely, wasting power on a failed cycle.

3. Algorithmic Optimization: Partial vs. Full Updates

The "Update Strategy" is the single largest lever an engineer can pull to extend battery life.

A. Full Refresh (The Clean Slate)

Mechanism: Cycles every pixel through black-white-black transitions to reset charges.

Power Cost: High. Typically requires 2–4 seconds of active drive current (Active I
cc

).

Use Case: Critical for clearing "ghosting" (burn-in artifacts) but should be used sparingly. Note: images
should not be left on the display without a full update, refreshing the pixels at least once every two days.

B. Partial Refresh (The Surgical Strike)

Mechanism: Updates only the pixels that have changed state between the current and next frame.

Power Cost: Low. Can be completed in ~300ms–500ms, reducing energy consumption by up to 90%
compared to a full refresh.

Use Case: Ideal for displaying sensor data (changing numbers) or clocks.

Recommended "Hybrid" Algorithm:

To balance power vs. image quality, we recommend a 10:1 ratio: Perform 10 partial updates for dynamic
content, followed by 1 full refresh to clear accumulated ghosting artifacts.
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4. Hardware Design: Achieving "True Zero" Sleep

While the display itself consumes zero power to hold an image, the supporting circuitry often does not.

The Boost Converter:

E-Paper requires high driving voltages (typically ±15V), generated by an on-board boost circuit. Even when idle,
this circuit can have leakage current.

FET Isolation:

Best practice design involves placing a high-side MOSFET on the power rail feeding the display connector.
Once the update is confirmed complete (via the BUSY pin), the MCU should cut power to the entire display
subsystem.

Result:

This brings the display subsystem current from micro-amps (µA) down to effective zero (nA), preserving battery
life during the long static intervals common in outdoor monitoring.

5. Selecting the Right Module

Not all e-Paper is built for the outdoors.

Standard EPD: Typically rated for 0°C to 50°C. Operating below freezing without a heating element can
permanently damage the microcapsules.

Wide-Temp EPD: Crystalfontz offers specialized "Wide-Temp" or "Low-Temp" variants capable of
operating down to -25°C without external heaters, which is essential for unmonitored outdoor deployments
in northern climates.

Conclusion

Transitioning to e-Paper in outdoor environments is not just a component swap; it is a system-level architectural
change. By accounting for fluid viscosity changes, implementing aggressive power-gating, and utilizing smart
partial-update algorithms, engineers can build "Install and Forget" devices that run for years on a single battery
cell.

Need help calculating your power budget? Contact Crystalfontz Engineering Support. We can help you select
the right panel and refine your update algorithms for maximum longevity.
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