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Mini-LED vs. Micro-LED Display Engineering Guide

Local Dimming Halo Blooming, Fluidic Mass Transfer Yield, and Inorganic GaN Longevity

EXECUTIVE ABSTRACT & SUMMARY FINDINGS: Consumer display manufacturers have intentionally blurred the distinction between
Mini-LED and Micro-LED. A 'Mini-LED' display is fundamentally a conventional liquid crystal display (LCD) augmented by an array of
localized backlight dimming zones (500 to 2,000 zones). In contrast, true 'Micro-LED' is a revolutionary self-emissive display where each
subpixel is an individual microscopic inorganic gallium nitride (GaN) semiconductor diode. This guide deconstructs optical blooming halo
physics, 24.8-million-die mass transfer yields, and true market costs.

Display Technology Light Source Dimming Granularity Burn-in / Lifespan

Standard Edge LCD White LED Strip Global / Edge Zones No Burn-in (50k hrs)
Mini-LED (FALD) Miniature LEDs (~200um) 576 - 2,304 Zones No Burn-in (50k hrs)
OLED (WOLED/QD) Organic Polymer Subpixels Pixel-Level (8.3M zones) Burn-in Risk (15k hrs)
True Micro-LED Inorganic GaN (<50um) Subpixel (24.8M zones) Immune (>100k hrs)

1. The Architectural Gulf: Transmissive Backlight vs. Self-Emissive Diodes

The defining architectural difference between Mini-LED and Micro-LED lies in whether the display is transmissive or self-emissive.

A Mini-LED monitor is a transmissive LCD. It relies on a liquid crystal layer to twist polarized light and block the underlying backlight. Because liquid
crystals cannot completely block light (typical native contrast ratio of 1,000:1 to 4,000:1), Mini-LED panels divide the backlight into hundreds or
thousands of localized dimming zones. However, because each dimming zone covers thousands of individual screen pixels, high-contrast
boundaries (such as white subtitles on a black cinema background) cause light to bleed into adjacent dark areas, generating visible optical halo
artifacts known as blooming.

True Micro-LED is completely self-emissive. There are no liquid crystals, no color filters, and no global backlights. Each microscopic subpixel is a
self-contained, inorganic semiconductor light-emitting diode measuring less than 50 micrometers. When a pixel is black, the diode is turned
completely off, delivering infinite contrast, true 0.0000-nit black levels, and zero optical halo blooming.

2. Mass Transfer Physics: The 25-Million-Die Manufacturing Wall
Why are commercial Micro-LED TVs priced above $100,000 while Mini-LED monitors sell for $600? The answer is the Mass Transfer bottleneck.
A 4K display comprises 3,840 x 2,160 pixels, with each pixel containing individual Red, Green, and Blue subpixels. Fabricating a 4K Micro-LED

panel requires extracting exactly 24,883,200 individual microscopic GaN dies from donor sapphire semiconductor wafers and transferring them
onto an active TFT glass backplane with sub-micron placement accuracy.

Even if an advanced mass transfer tool achieves an astounding 99.99% transfer yield, the finished panel will still suffer from 2,488 defective or
missing dead subpixels. Achieving zero visible defects requires 99.9999% ('six-nines') transfer yield or complex micro-laser repair workstations,
which exponentially inflates production time and manufacturing costs.
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3. Inorganic GaN Longevity vs. Organic OLED Degradation

While commercial OLED displays offer perfect pixel-level black levels, their organic emissive compounds (especially blue subpixel emitters) suffer
from irreversible photochemical degradation over time. Operating an OLED monitor with static Ul elements (such as Windows taskbars or IDE
interfaces) inevitably triggers permanent differential subpixel wear, colloquially known as burn-in.

Micro-LED employs inorganic Gallium Nitride (GaN) and Indium Gallium Nitride (InGaN) crystals, identical in physical stability to industrial
semiconductor chips. Micro-LED displays can sustain 5,000 to 10,000 nits of peak brightness continuously for over 100,000 hours without a trace of
burn-in, image retention, or color shift, delivering the ultimate holy grail of display engineering.

4. Buyer's Decision Matrix: Assessing Dimming Zones and Response Times

For consumers in 2026, purchasing a display marketed as 'Micro-LED' under $20,000 is invariably a mislabeled Mini-LED or Micro-Lens Array
(MLA) OLED. When buying a Mini-LED display, buyers must audit: (1) Zone Count: At least 1,152 zones for 27-inch 4K panels to minimize
blooming; (2) Local Dimming Algorithm: Fast response to eliminate trailing halos in gaming; and (3) Native Panel Type: Fast-IPS for viewing angles
or HVA for deeper native contrast.

CRITICAL ENGINEERING TAKEAWAYS & DEPLOYMENT DIRECTIVES:

1. Mini-LED is simply an advanced LCD with a multi-zone backlight; it is not self-emissive and still suffers from blooming.

2. True Micro-LED employs individual microscopic inorganic GaN subpixels (<50um), achieving infinite contrast with zero halos.
3. Fabricating a single 4K Micro-LED panel requires mass-transferring 24.8 million RGB dies with >99.999% accuracy.

4. Unlike organic OLED panels, inorganic Micro-LED diodes never suffer from permanent burn-in even at 5,000+ nits brightness.
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