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Cellular 380V-12V DCX Using Low NFoM
Devices
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Trends for Isolated DC/DC Converters
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Popular Topology for MHz DCX
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Density Comparison among DCXs FMIS
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Primary Conduction Loss Model of DCXs
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Series-connected low NFoM devices Vil
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Conduction loss depends to single low

NFoM = R ison)

= voltage device
_ Xinke Wu. Hongbo Shi. “High Efficiency High Density 1 MHz 380—12 V DCX With Low FoM Devices” IEEE TIE 2020. pp1648-1656
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Interwinding Capacitance Sinking Magnetizing Current in
PCB Transformer
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Larger magnetizing current for ZVS is Needed

D. Fu, S. Wang, P. Kong, etc., "Novel Techniques to Suppress the Common-Mode EMI Noise Caused by Transformer Parasitic Capacitances in DC-DC Converters," in IEEE TPEL, Nov. 2013,
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Larger Magnetizing Current Leads to Higher Eddy .
Current Loss in Windings F1Vile
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Interwinding Cap Sinking Current is Reduced -

Significantly by Cellular Topology FMIS

B Conventional SRC H Cellular ISOP SRC
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Sma!ler magnetizing current and smaller eddy current ___ .. _
loss in cellular DCX iVile

Conventional HV SRC H field distribution 380V/12V DCX
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1st Generation 380V/12V Cellular DCX Using Low Voltage Devices Pi‘v‘iiz
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CM Noise Conducting Path of the Half-bridge SRC DCX &=L

Half-bridge SRC DCX topology with LISN

primary common mode noise source and path

[2] Yue Han, Guangcan Li, Hongbo Shi and Xinke Wu, "Analysis and Suppression of Common-Mode EMI Noise in 1 MHz 380 V-12 V DCX Converter With Low NFoM Devices," in [EEE TPEL,

N vol. 36,10. 7, pp. 7903-7913, July 2021.
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Cellular SRC with Static Points for Smaller CM ~n 1
Current and Noise I1Viie
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Common-mode Noise Cancellation with Inversing

Driving Logic in the Cellular DCX FMIS

Power Management Innovation Consortium
B Inverse driving in ISOP SRC
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[2] Yue Han, Guangcan Li, Hongbo Shi and Xinke Wu, "Analysis and Suppression of Common-Mode EMI Noise in 1 MHz 380 V-12 V DCX Converter With Low NFoM Devices," in IEEE TPEL,
— vol. 36, no. 7, pp. 7903-7913, July 2021.
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Large Driving Loss when Using Drive ICs FMIG

O 1MHz 380V-12V-150A DCX

: itch o : 5
. S 95 HinT 4 Efficiency (%) Z QngfS ~ 6.8W
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Lower Driving Speed Results in Less Driving Loss in
Resonant Driver
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SRC converter
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Lower driving speed is
acceptable owing to
sinusoidal switch current

A @ High conduction loss in
driving circuit

Less driving current is needed
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Driving Loss Reduced Significantly By the Resonant __ A
Drive Transformer FiViie
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Integrating More PCB Layers for Power Density ~n 1
Optimization 1V

» 1%t Generation
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2nd Generation 380V/12V DCX Using Resonant Drive __
Transformer and Integrated Power Transformer FIiVile

B Comparison of the prototypes

1st Generation

2nd Generation
ok ol e v vl ol =l ; vt
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L;!,,-f- . -+ 0.99 —~ 97.0%
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67mm 0 50 100 150
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B Power Density: Considerine the drivin |
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~0.9kW/in3 ~1.3kW/in
[3] Guangcan Li and Xinke Wu, "A 98.4% Efficiency 380V-12V DCX With 1.3kW/in3 Power Density Using Low NFoM Devices and Resonant Drive Transformer,"” in IEEE TPEL, vol. 37, no. 10, pp.
BT 12346-12356, Oct. 2022.
G~ .
(i 722§ mmmsen. 19

ZJU-Hangzhou Global Scientific and Technological Innovation Center

\



Less Power Density Improvement when Further I
Reducing the Thickness of Plate Core FiVile

Power Management Innovation Consortium
Core plate is thicker than chips

Wasted Space
Cap MOS _ Reduce the thickness of core plate 77
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9.5mm [ 6.5mm -
A
Side view
B Loss Breakdown @ peak efficiency
1.2%
°  Increased Core loss
Peak efficiency:
Tl. . ;-_._::' j:- TMEers 0.80/0 ) 0
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0% A mm
’ : - e
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Wasted S S "
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Multi-window El Core for Shrinking Plate Thickness =ML

Thickness:9.5mm

Side View T
B Large thickness resulted by
=P2 ?
single-side flux flow in U Core L7 D U U S
=N
(7 722§ mmmsen. 21
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Comparison Between the Prototype Using U Cores (2G), ..
and Multi-window El Core (3G) FIViie

» Efficiency of the Prototype

3rd Multi-window EI Core y, $
0 TE
0.99 sy, 97.0%@ 172A Ay Peak efficiency: 98.4%
097 ' density: 1300W/in®
[ nd
:‘:: 0.95 2" UI Core
2
£ 0.93 g
=
0.91
0.89 Input: 380Vdc g ol
0 50 100 150 Olltpllt: 12Vdc - 172A
Frequency: IMHz
L A
s Peak efficiency: 98.4%
Density: 1800W/in?
[4] Guangean Li and Xinke Wu, "A 1.8kW/in® Power Density Cellular 380V-12V DCX with 98.4% Peak Efficiency Using Low NFoM Devices
. and Resonant Drive Transformer," in PEAC 2022 (Accepted).
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Loss Breakdown of the 3G Prototype Vi

Loss Breakdown @Full Load

ESR
» Loss under different load _
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Vin E Measured SRs
=z 40
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Large winding loss @full load
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Eddy Current Loss of the Windings FMIS

» Loss Breakdown @ Full load B [arge termination loss on windings @ 1MHz
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Typical Termination Loss Reduction Methods and JRp—
Ii1Viie

4th Generation Prototype

B Method 1 B Method 2
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Efficiency Improvement with Termination Optimization =ML

Power Management Innovation Consortium
Input: 380Vdc

» After termination optimization Output: 12Vdc
Wl A B Loss Breakdown @ Po=2kW
Pri & €
ddrivers| :drivers Reduced by 10W
------ -ee 0 o
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Evolution of TMHz 380V/12V 2kW Prototypes Vil

Peak Efficiency 97.3% 98.4% 98.4% 98.6%
Power Density 0.8kW/in3 1.3kW/in3 1.8kW/in3 2.1kW/in?
ity g ) e o3
{ 3 @ £ £
3 3 1.. 3 e
': = |
5L v
o = 9.5mm 6.5Smm D 6.5mm
’ 34.5mm 34.5mm 34.5mm
(2020) (2022. May) (2022. Nov.)
Resonant Drive Tr. Multi-window EI Tr.  Termination optimizing
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380V-12V DC/DCIERIZA L E
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Backup - Appendix A —— Calculation of the Airgap FiVji&

Single Tr.

Ry Rz1 Ry

X1
~ Rair1 0 5[10/18
X1
Rairm — que

1

16uH ~ 2 * 4% %
Rairm ¥ Rairl/z

S rk F pnERR e
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> Rai+Rary = 20) Ry + Rairt)

Ry1/2
—
R;ir1/2 Rgirm
Rq3
Rq3/2
FLm
Ry1/2

Equivalent Loop for Lm calculation

x1 = 60um, x, = 130um
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Backup - Appendix B—— No Airgap on Side Core Legs ={Viji&,

B 3D Simulation Results

B [tesia] H [Aim]
0.0800 5000.0

00720 45000
00872 42000

; 0.0624 35000
' 0.0578 3600.0
| Tl =
l o 0.0432 ) 2700.0
| Ry = Tw Bl B
i i : | =
l . D.O'IM 9m0
| R 4r,, " ZH . Large H field oo |l
L 0. 5[10/16 0. 5#0.&43
l Total winding loss ~0.5W @0.4A Io
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Larger 7, Leads to Less Pri. Conduction Loss PMIC

Normalized primary conduction loss:
n: efficiency

_ PC‘min _ Znn x NFoM

) : JR— —
Cmin_N Po td | Ii%
A Peyin v 1%
1.0
IPB60RxxxC7 Series
0.75[
0.5 b Pcmin N < 0.5%
0.25]
tg > 120ns 1/ns
0 50 100 150 200 250 300 350
6;/ “) 2 F rnERR e 35




Larger 7, Results in higher RMS Current in Windings =42

RMS current vs. t,

t; T—Winding loss & SR conduction loss?
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t; < 80ns@1MHz

tg < 320ns@250kHz

Normalized rms ratio
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Great Challenge between Pris. and Winding Loss at

MHz Level Achieving High Efficiency FiVIC
Power Management Innovation Consortium

2w xnx NFoM
P cmin_Normalized = "
d
A
A Pcmin _ N /% . Jrsimslta) | 13
10} IPB60RxxxC |MHz’ Liprms (0) '
<« 7\ 7 Series ) ',"
s::::o—p
0.75} o 112
05 hessssnsasnnnnnnnnasn 54
O— 11.1
0.25¢} "0" E E I
e Lo
0 50 : 100 = 150 200 250 300 350

" = ta(ns)
tg < 80ns@1MHz :

No Overlap @ 1M
Impossible of 98% efficiency with Current High Voltage Si devices.
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Achieve High Efficiency at MHz when Using Series -
Connected Low NFoM Devices FiViie

Power Management Innovation Consortium
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Overlap appear @ 1M
= 98% efficiency is available with Low Voltage Si devices at MHz.
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