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高效高密度AC/DC变流技术应用

高密度 
高效率

数据中心服务器电源

便携设备电源
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全电飞机雷达电源

轨道交通
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中国数据中心的耗能
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数据中心服务器的电源系统
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单相AC/DC变流器的功率密度和效率现状与趋势
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单相AC/DC电源的体积分析
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基于GaN的高密度交错图腾柱 PFC

电感
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开关器件
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Volume breakdown
Two-level totem-pole PFC

GaN

1 MHz frequency
4.32cm*3.72cm*1.74cm

功率密度：~550 W/in3

Inductor takes the largest volume

F. C. Lee, "Application of GaN devices for 1 kW server power supply with integrated magnetics," in CPSS Transactions on Power  
Electronics and Applications, vol. 1, no. 1, pp. 3-12, Dec. 2016.
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电感尺寸与多电平的关系
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W. G. Hurley, “Transformers and inductors for power electronics :theory, design and applications,"
Y. Lei et al., "A 2-kW Single-Phase Seven-Level Flying Capacitor Multilevel Inverter With an Active Energy Buffer," TPEL, Nov. 2017.
Y. Lei, W. Liu and R. C. N. Pilawa-Podgurski, "An Analytical Method to Evaluate …," IEEE TPEL, March 2018.
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基于GaN的多电平拓扑最小损耗建模
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简化的多电平Boost电路最小损耗模型

J. W . Wu and X.K Wu, “FoM Based Optimal Frequency and Voltage Level Design …," IEEE APEC, 2020, pp. 1911-1915.
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多电平Boost电路损耗的统一模型
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基于CHB 拓扑的高效率高密度PFC
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单相PFC样机功率密度与效率比较
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AC/DC: CHB单相多电平PFC拓扑+DC/DC
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隔离型DC/DC模块的功率密度趋势
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MHz高频谐振DCX模块的通用拓扑
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超高功率密度DCX
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DCX导通损耗数学模型
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MOSFET的 NFoM 与 耐压 的关系
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不同NFoM 器件对应最小导通损耗
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低压元胞电路的高压串联/低压并联
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MHz高频导致更大滤波器体积
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高压器件构成的传统MHz方案
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低压器件构成的多胞电路串并联(ISOP)方案

X. Wu and H. Shi, “High Efficiency High Density 1 MHz 380–12 V DCX With Low FoM Devices,” IEEE Trans. Ind. Electron, Feb. 2020.
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元胞电路的交错互补驱动策略
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基于多胞电路复合交错控制策略对比
电路单元内交错并联 +电路单元间交错并联
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高压DC-DC模块
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总 结
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