Gallium Nitride (GaN) Power Architecture & USB PD 3.1
EPR Guide

Hardware Analysis: 240W Extended Power Range, Dynamic Multi-Port Power Drops, and Thermal Limits

Published by Lesty Tech Consumer Power Engineering ¢ Date: October 21, 2026 ¢ Lesty.tech Architectural Engineering Dossier

1. Solid-State Physics: Why GaN Replaced Silicon Power MOSFETs

Gallium Nitride (GaN) is a wide-bandgap (WBG) semiconductor with a bandgap of 3.4 electron-volts (eV) compared to 1.1
eV for legacy silicon. GaN High Electron Mobility Transistors (HEMTSs) exhibit an electron mobility of 2,000 cm2/V.s and a
critical breakdown electric field tenfold higher than silicon. This allows GaN power stages to switch at frequencies
exceeding 500 kHz to 2 MHz, shrinking magnetic transformers, inductors, and filtering capacitors by over 60%.

2. The USB Power Delivery 3.1 EPR Revolution (240W at 48V)

Standard USB PD 3.0 capped electrical delivery at 100 watts (20V at 5A). USB PD 3.1 Extended Power Range (EPR)
expanded this threshold to 240 watts by scaling voltage across three standardized tiers: 28V (140W), 36V (180W), and
48V (240W) at a constant 5-amp current ceiling. Achieving 48V safely demands specialized 50V-rated capacitors,
arc-suppression hardware handshakes, and digitally authenticated E-Marker USB Type-C cables.

3. The Dirty Secret: Dynamic Multi-Port Power Allocation Drops

Consumer multi-port GaN chargers market high aggregate wattage (e.g., '140W Multi-Port") that hides an aggressive
operational flaw. When a second low-power device (such as an Apple Watch or earbuds) is connected to port 2, the
charger's microcontroller interrupts power across ALL ports, re-negotiating the USB PD handshake. Port 1 is
instantaneously downgraded from 140W to 65W or 45W, causing power-hungry gaming laptops to throttle CPU
performance or disconnect battery charging.

4. Thermal Density and Enclosure Heat Dissipation

Miniaturizing a 140W-240W power supply into a pocketable charger creates punishing thermal flux densities (>25 W/in3).
High-quality GaN chargers utilize vacuum copper vapor chambers and potting resin to conduct heat uniformly to the outer
shell. Budget chargers skimp on active thermal potting, resulting in plastic surface temperatures breaching 85°C to 90°C
during sustained heavy loads, triggering premature thermal shutdown and component degradation.

Key Engineering Metrics & Reference Specifications

Semiconductor Bandgap 1.1 eV (Silicon) 3.4 eV (GaN on Si) 3.4 eV (High-Voltage GaN
HEMT)



Switching Frequency

USB PD Specification

Power Density (W/in3)

Multi-Port Re-negotiation

50 - 100 kHz

PD 3.0 Standard (100W
Max)

8- 12 W/in3

Fixed Splitting

300 - 600 kHz

PD 3.0/ PD 3.1 (140W
Max)

20 - 25 W/in3

Dynamic Handshake
Interrupt

500 kHz - 1.5 MHz (Zero
Voltage Switching)

PD 3.1 EPR (Up to 48V @
5A = 240W)

28 - 35 W/in3 (Ultra-Dense)

Smart Continuous Power
Allocation
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