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功率密度（两级） ~50W/in3 

Commercial  3kW 48V AC/DC module

Peak Eff. 98%

E fficiency

L oad
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(45%)

EMI Filter
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Ref: [1] N. Ikeda et.al. ISPSD 2008 p.289; [2] IR, APEC2012; 
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ØC o ntro l S tra teg y  o f In terleav in g  C R M  
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E ffic ien t 2 nd-S tage R D C X  w ith  a ll G aN s and  F ixed  Frequency 
R esonant D C /D C

4 .5kW  D C -D C  stage  P roto typ e:

30 m
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[1] RS4875, Huawei
[2] DPR 3000E EnergE, Delta
[3] M., Kasper, et al., Design of a Highly Efficient (97.7%) and Very Compact (2.2 kW/dm3) Isolated AC–DC. IEEE TPE, 2017
[4] PAC3000S12, Huawei
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M agnetic  C om ponents  D om inating  the V o lum e of P FC  
and  D C /D C
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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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Vo lt.S econ d

Volu m e breakd ow n

M ultilevel Topo logy  R educe  the Inductance S ign ificantly

Y. Lei et al., "A 2-kW Single-Phase Seven-Level Flying Capacitor Multilevel Inverter With an Active Energy Buffer," TPEL, Nov. 2017.
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U nified  C ell C ircu it M in . Loss M odel w ith  N FoM oss (R ds onX  C oss  ) 

M in . Lo ss d ep end s o n  in d iv idu al device ’s  N F oM o ss
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J Wu, X. Wu. “A unified switch loss model and design considerations for multilevel boost PFC with GaN devices” CPSS TPEA 2021, 
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A n E xam ple: C ellu lar C ircu it （ CHB M ulti-level） P FC  C onverter

6-Cell CHB PFC 

With commercial GaN  

1.3 kW/in3@ 2kW
(w/o Bus Cap)

Si
de

 V
ie

wA

O

iL

peak efficiency:>99.1%

J. Wu and X. Wu, "FoM Based Optimal Frequency and Voltage Level Design for High efficiency High density Multilevel PFC with GaN Device,"2020APEC, pp. 1911-1915.
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S tate-o f-the-art H igh  P ow er D ens ity  S ing le  P hase P FC

[1] GaN Systems. High Efficiency CCM Bridgeless Totem Pole PFC Design using GaN E-HEMT
[2] Z. Liu, F. C. Lee, Q. Li, and Y. Yang, "Design of GaN-based Mhz totem-pole PFC rectifier," JESTPE2016.
[3] https://training.ti.com/1mhz-987-efficient-interleaved-16-kw-crm-gan-pfc
[4] A. Q. Huang, "Review of GaN totem-pole bridgeless PFC," STPEA2017
[5] Lee, Fred C., et al. "Application of GaN devices for 1 kW server power supply with integrated magnetics," TPEL2016
[6] D. Chou, R. C. N. Pilawa-Podgurski, "An Interleaved 6-Level GaN Bidirectional Converter for Level II Electric Vehicle Charging," APEC 2019
[7] Q. Huang, Q. Ma, P. Liu, A. Q. Huang and M. A. de Rooij, "99% Efficient 2.5-kW Four-Level Flying Capacitor Multilevel GaN Totem-Pole PFC," JESTPE2021
[8] J. Wu, et al, "FoM Based Optimal Frequency and Voltage Level Design for High efficiency High density Multilevel PFC with GaN Device," APEC2020
[9] https://www.clearesult.com/80plus/node/12300
[10] T. Huang, et al, “Single Phase High Power Density MISN PFC Converter, ” ECCE 2022
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Vac

48V

Vdc2Cell 2

Vdc6Cell 6

DC/DCVdc1

EMI
filter

L

L

Cell 1

DC/DC

DC/DC

CHB PFC

C H B  C ellu lar P FC  N eeds M u ltip le  Iso la ted  D C -D C  stages

D C /D C :

Ø60V-leve l inp ut
ØTigh t reg u la ted  a nd  iso la tion
ØH ig h  e ffic iency and  h igh  den sity

S tate  o f th e  art o f 48V -leve l is o la ted  D C /D C :

36-60/11.2V  

[1] DRQ-11.4/88-L48NB-C, MuRata
[2] Q54SJ108A2, Delta
[3] MPC1100-54, MPS
[4] M. H. Ahmed, et al., High-efficiency, High-density Isolated/Regulated 48V Bus Converter... APEC 2019.
[5] G. Li, et al. High Power Density 48–12 V DCX With 3-D PCB Winding Transformer. IEEE TPE, 2020
[6] M. H. Ahmed, et al., Two-Stage 48V VRM With Intermediate Bus Voltage Optimization... IEEE JESTPE 2021.

40-60/12V  

40-60 /12V

R egu late d

48/12V

 

40-60 /4 -6V

48/12V

U nre gu la ted  D C X

p   F ix  Frequ ency 
p   O ptim ized  M agn etic

Power density: 
~240W/in3
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S tate-o f-the-art o f 2 nd  S tage D C /D C  fo r 48V  S erver 
P ow er S upply
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功
率
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400V/50V, 1.75kW

200-400V/48V, 500W

400V/48V, 3kW 400V/50V, 3kW

400V/48V, 3kW

400V/48V, 6kW

360V/48V, 4kW 
(1MHz , DCX)

400V/48V, 3kW
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(1MHz)
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Cell1 Cell2 Cell3 Cell4 Cell5 Cell6
H bridge
Drivers

Isolator

Inductors

Top View

Bottom View

P FC ：~1 .3kW /in 3

E ff.：>99% (@ 220V ac)

48V
DC/DC_1

DC/DC_2

DC/DC_6

L

Vac
Vdc_2

L

Cell_1

Cell_2

Vdc_6Cell_6

Vdc_1

C H B  PF C

C ellu lar Tw o-stage A C /D C  C onverter w ith  H igher 
P ow er D ens ity

D c/d c D en sity： ~1 .5  kW /in 3 

>98%  @ 1M H zE ff. (@ 350W )：

Two stages

Density: ~180 W/in3（including E-Cap)
Peak Eff.：>97%

Input: 90-290Vac 
Output: 48 V/ 3kW
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96

97

98

99

0 50 100 150 200

Pe
ak

 E
ff

ic
ie

nc
y 

(%
)

230Vac/48V-
3.3kW

48V-3kW 54V-3kW

230Vac-48V 4kW
220-277Vac/53V 

4.8kW

230Vac/
48V-51V 3.3kW

3.2kW

180-300Vac
12V/3kW

Totem-Pole PFC

EMI

RDCX 260mm

230Vac/
48V-51V 4.5kW

G aN  

230Vac/48V, 2.2kW. 
Multi-level two-stage

P ow er D ensity   (W /in 3)

48V  E ffic ien t C ellu lar A C /D C  S erver P ow er S upp ly  w ith  
A ll G aN s

H 
Company

H 
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Vac Cell2

Cell3

CHB PFC

Cell1

DCX

Cellular DCX

Buck

Vo:5-48V
5-L CMBu

C ellu lar C ircu it Topo logy C C T  A ch ieving  U ltra-H igh  E ffic iency  and 
P ow er D ensity  for 240W  P D  P ow er S upp ly

F eatures:

• C C M  P FC  im pro ve  effic iency @ 90Vac

• 1 M H z-D C X  ach ieves  h ig h  e ffic ien cy

• H ig h  e ffic ien cy  am on g w ide  ou tpu t rang e

• Vo ltag e ran g e 5V  to  48V (P D 3.1 )

• H ig h  p ow er den sity  &  effic iency

1  M H z

[1] Cascaded Multi-level Buck (CMBu) 
[2] Detailed design based on NFoM loss model refers to PMIC presentation in 2022.04 

[1]

5V  to  48V /5A

90V ~240Vac

M u lti -
leve l
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Fu ll-load  E ffic iency A ch ieves 96 .3% @ 90V ac 

E
ff

ic
ie

nc
y(

%
)

Load(%)

5-L  C M B u

D C X
C H B @ 90V ac

3-stage @90Vac

w /o  filter

M easured  E ffic iency  @ 240W

@ 90V
96.3%

40
m
m

53mm

25m
m

18mm

6.5*6.7*
5.1mm3

40
m
m

20mm

30m
m

12.5mm

CHB

DCX 5-L CMBu

assemble

Height:10mm

85mm

55
mm

CM Ind.

Core
DCX 
Pri.

DCX 
Sec.

Acknowledgement:

Bank card
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Vin: 2 00-400V
Vo: 17V /120 A -3 4V /60A
Rated Power: 2.5kW
Efficiency @full load 28V: ~98%
Power density: > 1.2 kW/in3 ~3000W/in3 ~1500W/in3

(DCX)(Regulation)

CaMBo

12 Cells 6 Cells

Vin

Vbus2

Half-Bridge Cell

Half-Bridge
Cell_2

Vbus11
Half-Bridge

Cell_11

Vbus1

Lin

+
-

Vbus12
Half-Bridge

Cell_12

12 Cells
75mm

78mm 
Thickness:7.0mm

Aux power

DriIso

Bus Cap.

Cr

Pri M
O

S

SR

Drivers

C C T  A pplied  in  W ide V o ltage R ange G enera l B rick  
D C /D C  M odu le

Ø Measured Eff.@ 270Vin/28Vo (Rated)

CMBo

DCX

Two-Stage

~98%
~98.3%
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装置与系统公司 (26) 元器件公司  (9)

M em bers  2024

ZJU  P ow er M anagem ent Innovation  C onsortium  
(ZJU-P M IC )
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ZJU  P ow er M anagem ent Innovation  C onsortium  
(ZJU-P M IC )

器件 装置 系统

高校主导、行业共建的电源管理技术生态链

https: P M IC .ZJU .E D U .C N

矽力杰半导体

杰华特半导体

铭普光磁

硅动力

横店东磁

希磁科技

英飞凌科技

南芯半导体

铂科新材

深圳英飞源 阳光电源

杰瑞电子 奥海科技

长城电源 麦田能源

浙江富特科技 酷科电子

铂科电子 航嘉

皓文电子 振华微

麦格米特 欣锐科技

晟星和 爱科赛博

七星华创 聚新汽车

立讯技术

OPPO技术

台达电子

中兴通讯

小米科技

安克创新

奇点能源

蔚斯博系统

p 国内首个
p 合作生态
p 模式探索
p 未来技术
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