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Server Power Architecture Develops towards ±400V(800V)
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Trend of Sidecar Rack Power

The power of server rack has been rapidly increasing
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• OCP Global Summit 2024 - Google
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High Efficiency High Density for Server PSU
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Comparison the Different Multilevel Topologies
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Comparison the Different Multilevel Topologies

➢ FC ➢ CHB ➢ MISN (Modular Inductive Switching Network)

✓ Single DC Bus

 Bad Modularity

Short fault protect

Redundancy

✓ Good Modularity

 Multiple DC Bus

Complicated structure

Bulky Capacitor

✓ Single DC Bus

✓ Good Modularity

 Line-frequency Bridge

• Zhao, W., T. Huang and X. Wu, Three Phase PFC Converter With Multilevel Inductive Switching Network. TPEL, 2023.

• Zhao, W., T. Huang and X. Wu, Control Strategies and Design Guideline for Single Phase MISN PFC Converter. TIE, 2025.
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Operating Principle of Diode-Based MISN Converter (Unregulated)
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Regulated DC Bus Voltage for MISN Converter
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𝜶 + 𝟐𝟎°

The DC Bus Voltage is Positively Correlated with 𝜶

What is the impact of the increased 𝜶?
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The Increased MISN Capacitors’ Volume due to Large Output Voltage 
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Reduce Volt-second of MISN Module by 3-level LF-bridge
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Loss Model for MISN Module (Parameters: 𝑵𝒄, 𝒇𝒔, 𝑽𝑩𝑹)
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➢ The Loss Distribution at 10kW 𝟖𝟎𝟎𝑽𝒅𝒄
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• J. Wu, X. Wu , et al., “A Unified Switch Loss Model and Design Consideration for Multilevel Boost PFC -”, TPEA 2021.
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= 𝟒(𝟎. 𝟕𝑽𝑩𝑹𝑵𝒄) 𝑰𝒊𝒏 𝒌𝒕𝒆𝒎𝒑𝒌𝒅𝒚𝒏 𝒌𝒔𝒘𝑰𝒊𝒏𝑵𝑭𝒐𝑴𝒔𝒘(𝑽𝑩𝑹) + 𝑵𝑭𝒐𝑴𝒐𝒔𝒔(𝑽𝑩𝑹) 𝒇𝒔
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The Limitation for 𝒇𝒔 based on the Projected Loss
𝑷
𝒍𝒐
𝒔
𝒔
.𝒎
𝒊𝒏
%

𝑵𝒄

@𝟏𝟎𝐤𝐖

𝑽𝑩𝑹 = 𝟐𝟎𝟎𝑽

𝟏𝟎𝟎𝑽

𝟏𝟓𝟎𝑽

𝟎. 𝟒%

➢ 𝑷𝑳𝒐𝒔𝒔.𝒎𝒊𝒏 = 𝒇 𝑵𝒄, 𝒇𝒔, 𝑽𝑩𝑹

• 𝑵𝒄 ∙ 𝑽𝑩𝑹 ≥ 𝑼𝒄.𝒕𝒐𝒕𝒂𝒍
𝒗𝒂𝒍𝒍𝒆𝒚

= 𝟐𝑼𝑨𝒔𝒊𝒏𝜶

➢ The Limitation for 𝒇𝒔

𝒇𝒔 𝑵𝒄, 𝑽𝑩𝑹 =
𝟏

𝒌𝒕𝒆𝒎𝒑𝒌𝒅𝒚𝒏 𝒌𝒔𝒘𝑰𝒊𝒏𝑵𝑭𝒐𝑴𝒔𝒘+𝑵𝑭𝒐𝑴𝒐𝒔𝒔

𝑷𝒍𝒐𝒔𝒔.𝒆𝒙𝒑

𝟒𝑼𝒄.𝒕𝒐𝒕𝒂𝒍
𝒂𝒗𝒈

𝑰𝒊𝒏

𝟐

2 3 4 5 6 7 8
0

20

40

60

80

𝒇𝒔
𝒌𝑯𝒛

𝑵𝒄
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Volume Optimization for 0.4% Loss Limit

𝒖𝑨 

𝒖𝑳.𝑨 

𝒊𝑳.𝑨 

𝒖𝒔𝒘.𝑨 

𝒖𝑨𝑶 

𝑽𝒐 

𝒖𝑪 𝒖𝑪 𝑺𝟏 

𝑺𝟐 

900V

𝑽𝒐𝒍𝒕𝒐𝒕𝒂𝒍 = 𝑽𝒐𝒍𝑳 + 𝑽𝒐𝒍𝑪 + 𝑽𝒐𝒍𝒄𝒆𝒍𝒍

𝐿(Nc, fs, VBR) =
0.7𝑉𝐵𝑅
8𝑁𝑐𝑓𝑠Δipp

𝑉𝑜𝑙𝐿 = 𝑘𝐿
𝐿𝐼𝑝𝑒𝑎𝑘𝐼𝑅𝑀𝑆
𝑘𝑤𝐽𝐵𝑚

3
4

𝑉𝑜𝑙𝐶(𝑁𝑐 , 𝑉𝐵𝑅) =
1

2
1.2𝐶𝑒𝑞.𝑚𝑖𝑛 𝑉𝐵𝑅

2

𝐸𝐷
𝑁𝑐

(AP Method)

• Inductor Volume:

• Capacitor Volume:

• MISN Cell Volume: 𝑉𝑜𝑙𝐶𝑒𝑙𝑙 = 𝐾 ∙ 𝑁𝑐

𝑽𝒐𝒍𝒕𝒐𝒕𝒂𝒍

2 3 4 5 6 7 8
40

70

100

130

160

𝑽𝒐𝒍𝒕𝒐𝒕𝒂𝒍 
(𝒄𝒎𝟑)

𝑵𝒄

𝟑𝟎𝟎𝑽

Best choice
𝑵𝒄 = 𝟑
𝒇𝒔 = 𝟒𝟎𝐤𝐇𝐳
𝑽𝑩𝑹 = 𝟐𝟎𝟎𝐕
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Hardware Implementation

2
4
m

m

Parameter Value

Power 10kW

Input Phase Voltage 220VRMS ± 10%

DC Bus Voltage
Typical:  800V
550V~900V

MISN Voltage 3 × 120V

Frequency (MISN) 40kHz

Power Density: 𝟒𝟎𝟎𝐖/𝐢𝐧𝟑 (~25kW/L)

S
in

g
le

-s
ta

g
e
 f

il
te

r

𝒖𝑨 

𝒖𝑩 

𝒖𝑪 

𝑵 
𝑷 𝑴 

𝑷 𝑴 

DSP

𝑫𝑨𝑩𝑪 

𝜶𝐀   
Control 

board

MISN module 3level LF-bridge

SiC: IMBG120R030(1.2kV 30mΩ)

Si: IPT60R028G7(600V 28mΩ)

Driver: TPSI3052/TPSI3050

DC Cap: LKM(500V 120μF_2s3p)

GaN: EPC2304(200V 3mΩ)

Driver: LMG1210

MISN Cap: KXJ(160V 680μF)

FPGA

S
a

m
p

li
n

g

Inductor 

(28μH, MPP-

C055202A2_

3stacked)

L

TMS320F280049C AL3S10LG144

➢ Prototype➢ Schematic Diagram

Sponsor: 
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The Waveforms of Currents at Full-load

𝒊𝑳.𝑨
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒊𝑳.𝑩
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒊𝑳.𝑪
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒖𝑨
(𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

(𝟐𝐦𝐬/𝐝𝐢𝐯)

𝒊𝒊𝒏.𝑨
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒊𝒊𝒏.𝑩
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒊𝒊𝒏.𝑪
(𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒖𝑨
(𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

(𝟐𝐦𝐬/𝐝𝐢𝐯)

➢ Three−phase Inductor Currents ➢ Three−phase Input Currents
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The Waveforms of AC-side Voltages and MISN Voltage Stress

𝒖𝑨 (𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

𝒖𝑨𝑶 (𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

𝒊𝑳.𝑨 (𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒖𝒔𝒘.𝑨 (𝟐𝟎𝟎𝐕/𝐝𝐢𝐯)

(𝟐𝒎𝒔/𝒅𝒊𝒗)

𝜶 ≈ 𝟐𝟕°

𝑼𝒔𝒘
𝒎𝒂𝒙 ≈ 𝟏𝟒𝟏𝐕

𝒖𝑨 (𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

𝒖𝑨𝑶 (𝟓𝟎𝟎𝐕/𝐝𝐢𝐯)

𝒊𝑳.𝑨 (𝟐𝟎𝐀/𝐝𝐢𝐯)

𝒖𝒔𝒘.𝑨 (𝟐𝟎𝟎𝐕/𝐝𝐢𝐯)

(𝟐𝒎𝒔/𝒅𝒊𝒗)

𝜶 ≈ 𝟓𝟕°

𝑼𝒔𝒘
𝒎𝒂𝒙 ≈ 𝟐𝟓𝟎𝐕

𝒖𝑨 

𝒖𝑳.𝑨 

𝒊𝑳.𝑨 

𝒖𝒔𝒘.𝑨 

𝒖𝑨𝑶 

𝑽𝒐 

𝒖𝑪 𝒖𝑪 𝑺𝟏 

𝑺𝟐 

➢ 𝑽𝒃𝒖𝒔 = 𝟓𝟓𝟎𝐕 ➢ 𝑽𝒃𝒖𝒔 = 𝟖𝟎𝟎𝐕
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calculated

measured

0 2 4 6 8 10
97

98

99

100

Efficiency for the Designed MISN Converter

Load (kW)

E
ff

ic
ie

n
cy

 (
%

) 99
0.39 

0.22

0.08

0.15

0.06 

0.0

0.1

0.2

0.3

0.4

0.5

P_GaN P_LF P_Cap P_Ind others

L
o

ss
(%

)

➢ Loss breakdown for 10kW

• Test condition: 5min/point

• exclude auxiliary loss

➢ The Temperature at Full Load

78℃

wind speed: ~3m/s

GaN & Driver

• 𝟑𝟖𝟎𝐕𝐑𝐌𝐒 → 𝟖𝟎𝟎𝐕𝒅𝒄

99.2
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Comparison for different schematics in the aspects of 
components’ volumes and full load efficiencies.

98

98.5

99

99.5

100

0

20

40

60

80

3level MISN

40kHz

 proposed

2level MISN

20kHz

 [15]

2level ZVS

>300kHz

 [8]

3Level ZVS

<144kHz

 [7]

2level CCM

48kHz

 [5]

2level MISN

20kHz

 80V-cell

MISN Capacitor Inductor and filter Full-load efficiency

𝐕𝐨𝐥𝐮𝐦𝐞/𝐏
(𝐜𝐦𝟑/𝐤𝐖)

𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲
(%)

𝟖𝟎𝟎𝐕𝟖𝟎𝟎𝐕 𝟖𝟎𝟎𝐕 𝟕𝟓𝟎𝐕 𝟖𝟎𝟎𝐕𝟓𝟓𝟎𝐕

Ref Type Spec. fs THD Eff kW/L Cost

[5]
2LB6 

CCM

22kW

650~750V
48kHz 3.2% 98.4% 8 Low

[8]
2LB6 

CRM

25kW

650~800V

300~530k

Hz
2% 98.9% 11 Mid

[7]
T-type

TCM

6kW

650~800V
140kHz - 99.3% 11.8 Mid

[15]
MISN

2level LF

10kW

550V
20kHz 2.5% 99% 26 High

This
MISN

3level LF

10kW

550V
40kHz 3% 99% 25 High

• Passive components’ volumes are reduced more than 40%

• More than 99% Efficiency is achieved

-40%

-69%
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Summary

➢ To address the issue of reduced power density in three-phase MISN converters under a high DC bus voltage,

the impact of bus voltage on the buffer energy of the MISN was modeled and analyzed. This revealed the

critical influence of the line-frequency rectifier bridge on the MISN capacitor size.

➢ A topology optimization method was proposed using a T-type three-level line-frequency rectifier bridge.

Compared to a two-level design, this reduced the required MISN capacitor volume by 75% at a 800V bus

voltage.

➢ For the multi-variable optimization challenge of the MISN converter, a minimum loss model and a volume

model for key components were established. A hierarchical optimization design method was subsequently

proposed to fully exploit the potential for efficiency and power density.

➢ A prototype was built and tested with 800V DC bus. It achieved a power density of 400W/in3 and a peak

efficiency of 99.2%.

Thanks! 2
4
m

m
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The Principle for MISN Voltage Control 

550 650 750 850
0

10

20

30

40

50

𝑽𝒃𝒖𝒔(𝑽)

𝜶
(°
)

𝑷𝑴𝑰𝑺𝑵 > 𝟎
MISN charging

𝑷𝑴𝑰𝑺𝑵 < 𝟎
MISN discharging

𝜶 = 𝒂𝒓𝒄𝒄𝒐𝒔
𝟐𝝅𝑼𝑨
𝟒𝑽𝒃𝒖𝒔

+
𝟏

𝟐

𝑷𝑴𝑰𝑺𝑵 =
𝟏

𝟐𝝅
න
𝟎

𝟐𝝅

𝒑𝑴𝑰𝑺𝑵 𝒅𝝎𝒕 =
𝟐𝑰𝑳
𝝅

𝟐𝝅𝑼𝑨 − 𝟐𝑽𝒃𝒖𝒔

➢ In the curve

𝑷𝑴𝑰𝑺𝑵 = 0, Power balance

➢ Above the curve

➢ Below the curve

𝑷𝑴𝑰𝑺𝑵 > 0, Charging mode

𝑷𝑴𝑰𝑺𝑵 < 0, Discharging mode

Utilized for MISN 

voltage Control
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Three-loop Control Strategy for MISN-PFC

𝒖𝒔𝒘
0

300

-300

𝒖𝑳

𝒊𝑳

0

0

200

-200

20

-20

0

1

-1

𝑷𝑰𝟏

𝝅 𝟐𝝅𝟎

𝜟𝑷𝑰(𝒕) =
𝒗𝒃𝒖𝒔 𝒕

𝟐𝑵 ∙ 𝒖𝒄(𝒕)

➢ The Control Strategy of Phase-A

𝒖𝑨𝑶

𝜶0

300

-300
PI3 PWM

PI1

PWM

MISN

PI2

𝒖𝒓𝒆𝒇 
𝜶 

𝒖𝒄 

𝒖𝑳 
𝒊𝑳 

𝒖𝒔 
𝒖𝒔𝒘 

𝒖𝑨𝑶 
𝑽𝒃𝒖𝒔 

𝒊𝒓𝒆𝒇 𝑽𝒓𝒆𝒇 

Cal.
𝑽𝒃𝒖𝒔 
𝒖𝒄 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 

PCIM Asia Shanghai        
  PCIM Asia Shanghai        

  PCIM Asia Shanghai        
  PCIM Asia Shanghai 



23

A

B

C

o

MISN
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PI2PI1

暂态补偿

PWM

PI3 PWM
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C

𝑼𝒄.𝒓𝒆𝒇 

𝒖𝒄.𝑨 

𝒖𝒄.𝑩 

𝒖𝒄.𝑪 

𝜶𝑨 

𝒊𝑳.𝑨 

𝒊𝑳.𝑩 

𝒊𝑳.𝑪 

𝒖𝑨 
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