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1. Digital Color Encoding: The Mathematics of 8-Bit vs. 10-Bit Precision

In digital color representation, bit depth dictates the quantization steps available per subpixel channel. An 8-bit panel
encodes 278 = 256 distinct shades per color channel (Red, Green, Blue), yielding 256”3 = 16.77 million possible colors. A
native 10-bit panel encodes 2*10 = 1,024 shades per channel, producing 1,024"3 = 1.073 Billion colorsa 64-fold increase
in color precision that completely eliminates visible color banding in fine HDR gradients.

2. The Frame Rate Control (FRC) Deception: Temporal Dithering

Because manufacturing true 10-bit LCD and OLED panels requires high-precision 10-bit source driver ICs and tight liquid
crystal / organic diode voltage tolerance, display manufacturers frequently market budget monitors as '1.07 Billion Colors'
using an optical illusion: 8-Bit + FRC. Frame Rate Control is a hardware temporal dithering technique that rapidly flashes
subpixels between two adjacent 8-bit shades across consecutive display refresh frames (e.g. alternating between shade

140 and 141 at 120Hz/240Hz) to fool the human eye into perceiving an intermediate shade (140.5).

3. Visual Artifacts: Spatial Crawling, Noise, and Eye Fatigue

While 8-bit + FRC performs adequately on static high-contrast imagery, it breaks down in dark shadow gradients
(near-black tones in HDR mastering and video editing). In near-black regions, the temporal switching frequency of FRC
creates perceptible pixel crawling, micro-flicker, and mosquito noise. For digital colorists, medical imaging professionals,
and sensitive individuals, hours of staring at temporal FRC dithering induces severe ocular fatigue and headaches.

4. DisplayPort 1.4 / 2.1 Bandwidth Limits and Driver Chromatic Sub-Sampling

Achieving uncompressed true 10-bit color at high refresh rates requires massive transmission bandwidth: 4K at 144Hz
10-bit 4:4:4 RGB demands 35.8 Gbps of uncompressed data. When users connect high-refresh displays over older
DisplayPort 1.4 ports without Display Stream Compression (DSC), graphics card drivers silently drop color depth from
10-bit down to 8-bit or apply 4:2:2 chroma sub-sampling, completely degrading text rendering and image clarity.
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